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Potential use of Flemingia (Flemingia macrophylla) as a protein 
source fodder to improve nutrients digestibility, ruminal 
fermentation efficiency in beef cattle

Burarat Phesatcha1, Bounnaxay Viennasay2, and Metha Wanapat2,*

Objective: This study aimed at studying the potential use of Flemingia (Flemingia macrophylla) 
as a protein source fodder to improve nutrients digestibility and ruminal fermentation 
efficiency in beef cattle. 
Methods: Four, Thai native beef cattle were randomly assigned in a 4×4 Latin square design. 
Four levels of Flemingia hay meal (FHM) were used to replace soybean meal (SBM) in the 
concentrate mixtures in four dietary treatments replacing levels at 0%, 30%, 60%, and 100% 
of SBM. 
Results: The experimental findings revealed that replacements did not effect on intake of 
rice straw, concentrate and total dry matter (DM) intake (p>0.05). However, the apparent 
digestibilities of DM, organic matter, crude protein, acid detergent fiber, and neutral detergent 
fiber were linearly increased up to 100% replacement levels. Moreover, the production of 
total volatile fatty acids, and propionate concentration were enhanced (p<0.05) whereas the 
concentration of acetate was reduced in all replacement groups. Consequently, the CH4 
production was significantly lower when increasing levels of FHM for SBM (p<0.05). Fur
thermore, rumen bacterial population was additionally increased (p<0.05) while protozoal 
population was clearly decreased (p<0.05) in all replacement groups up to 100%. In addition, 
microbial nitrogen supply and efficiency of microbial nitrogen synthesis were enhanced 
(p<0.05), as affected by FHM replacements. 
Conclusion: The findings under this experiment suggest that 100% FHM replacement in 
concentrate mixture enhanced rumen fermentation efficiency, nutrients digestibilities, bac
terial population, microbial protein synthesis, and subsequently reduced CH4 production 
in beef cattle fed on rice straw.
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INTRODUCTION 

Commercial concentrate such as protein source is commonly used as a supplement in 
livestock feeding. However, high cost and uncertain availability has resulted in a search for 
other feeds. Therefore, farmers have tried to find alternative sources of protein and attempted 
to use local feed resources to reduce feed costs and improve animal productivity and effi
ciency [1]. Currently, the legume trees and shrubs have a great potential of high protein 
leaves as a supplement for ruminants [2]. Flemingia (Flemingia macrophylla) is native to 
South and SouthEast Asia, from India and Sri Lanka, to southern China and Indonesia 
and is widely distributed in subtropics of Taiwan, Cambodia, Laos, Myanmar, Thailand, 
Vietnam, Indonesia, Malaysia etc. Flemingia has a good tolerance and regrowth after cut
ting and develops well in soils that are acidic, poorly drained and with low fertility. Legumes, 
such as Flemingia, have a high protein content ranging from 16.9% to 23.7% of dry matter 

*  Corresponding Author: Metha Wanapat
Tel: +66-81-932-4180, Fax: +66-43-202-362, 
E-mail: metha@kku.ac.th

  1  Department of Agricultural Technology and 
Environment, Faculty of Sciences and Liberal 
Arts, Rajamangala University of Technology 
Isan, Nakhon Ratchasima 30000, Thailand

  2  Tropical Feed Resources Research 
and Development Center (TROFREC), 
Department of Animal Science, Faculty of 
Agriculture, Khon Kaen University, Khon 
Kaen 40002, Thailand

ORCID
Burarat Phesatcha
https://orcid.org/0000-0001-6137-1372
Bounnaxay Viennasay
https://orcid.org/0000-0003-0173-5239
Metha Wanapat
https://orcid.org/0000-0002-7633-052X

Submitted Apr 7, 2020; Revised May 20, 2020;  
Accepted Jun 20, 2020

Open Access



614  www.animbiosci.org

Phesatcha et al (2021) Anim Biosci 34:613-620

(DM) [3] and have a tannin content ranging from 2.4% to 
3.3% [4]. Kang et al [5] also showed that Flemingia foliage 
contained high crude protein (CP) at 25.8% of DM with con
densed tannins (CT) at 5.8% of DM. The tropical leguminous 
shrub leaves contained high level of CP, minerals, as well as 
phytonutrients such as tannins, and saponins (SP) which are 
particularly interesting due to their effects in the rumen. Some 
studies have indicated that high CT levels in the diet would 
reduce feed intake, reduce protein degradation and improve 
cell wall digestion in the rumen [6,7]. CT can inhibit the 
growth or development of methanogens or protozoa in the 
rumen through bactericidal or bacteriostatic action [8].
 Alternatively, Flemingia supplementation could decrease 
rumen protein degradation thus increasing the supply of ru
men degradable protein in the lower the gut. Further, the 
experiment showed that FMH supplementation could im
prove the fermentation process in in vitro and reduce the 
production of methane [5]. In previous studies, positive effects 
of CT and SP on growth performance and milk production 
have been shown. This included a protective influence on 
rumen dietary protein that enhanced duodenal absorption 
as well as improving the acetate to propionate ratio in rumen 
fluid [9]. Moreover, Phesatcha et al [10] reported that FHM 
supplement in dairy steers affected the nutrient digestibility 
and improved ruminal fermentation, especially propionate. 
In this sense, the aim of the research was to determine the 
potential use of Flemingia (Flemingia macrophylla) as a pro

tein source fodder to improve nutrients digestibility, ruminal 
fermentation efficiency in beef cattle.

MATERIALS AND METHODS 

Experimental animals and management
This study was approved by the Animal Care and Use Com
mittee of Khon Kaen University.
 Four, Thai native beef cattle with an initial weight of 200± 
10 kg were randomly allocated to a 4×4 Latin square design 
with 4 dietary treatments. Animals received the diets with 
various levels of FHM at 0%, 30%, 60%, and 100% of DM, as 
a replacement for soybean meal (SBM), respectively. All 
animals were fed rice straw (RS) ad libitum and additional 
concentrate was supplemented at 0.5% of body weight (BW). 
Table 1 presents data of chemical compositions of concentrate, 
RS, and nutrient composition. Before starting the treatments, 
the animals were injected with vitamin AD3E.
 This research was conducted for four periods of 3 weeks 
for each period. The first two weeks was an adaptation phase, 
while the last week sampling phase. The cows were fed with 
free water and mineral lick blocks twice a day at 0700 h and 
1600 h. In the first 14 days, intake was measured and total 
urine, and fecal collection remained for the last 7 days.

Samples collection and chemical analyses
All sampling of feed, rumen fluid, and blood samples fol

Table 1. Feed ingredients, concentrate mixtures and chemical compositions

Items
Replacement levels of FHM for SBM (% fresh basis)

FHM RS
0 30 60 100

Ingredients (%, fresh basis)
Cassava chip 60.0 60.0 58.0 58.0
SBM 20.0 14.0 8.0 0.0
FLM 0.0 6.0 12.0 20.0
Rice bran 5.0 4.6 4.0 4.0
Coconut meal 4.0 4.0 5.0 5.0
Palm kernel meal 4.0 4.0 5.3 4.8
Molasses 2.0 2.0 2.0 2.0
Urea 2.0 2.4 2.7 3.2
Sulfur 1.0 1.0 1.0 1.0
Salt 1.0 1.0 1.0 1.0
Mineral premix 1.0 1.0 1.0 1.0

Chemical composition 
Dry matter (%) 85.5 84.2 85.3 86.1 84.6 90.2

---------------------------------------------------------------------% of dry matter---------------------------------------------------------
Organic matter 92.7 91.4 93.2 94.1 92.3 89.7
Ash 7.3 8.6 6.8 5.9 7.7 10.3
Crude protein 18.3 18.1 18.5 18.8 25.6 2.4
Neutral detergent fiber 18.2 21.3 24.5 26.8 53.1 75.2
Acid detergent fiber 12.3 14.5 16.8 18.9 31.2 46.6
Condensed tannins - 4.9 5.2 5.3 5.6 -

FHM, Flemingia hay meal; SBM, soybean meal; RS, rice straw; FLM, Flemingia leaf meal.
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lowed the procedures as described in Wanapat et al [11] 
including rumen methane estimation. The samples were 
divided into two parts; the first portion was used for DM 
analysis while the second part was to evaluate the compo
nents of nutrients such as CP, and ash by the AOAC method 
[12]. Fiber contents such as acid detergent fiber (ADF) and 
neutral detergent fiber (NDF) were analyzed according to 
Van Soest et al [13]. CT of Flemingia were analyzed by Burns 
[14] as modified according to report by Poungchompu et 
al [15].
 On the last day of each period, rumen fluid and blood 
samples were taken at 0 and 4 hours after morning feeding. 
Rumen fluid was measured for pH immediately, later ana
lyzed for ammonia nitrogen (NH3N) by AOAC method [12] 
and volatile fatty acids (VFAs) according to Samuel et al [16]. 
Estimation of ruminal methane production was done using 
VFA proportions by CH4 production = 0.45(acetate, C2)– 
0.275(propionate, C3)+0.4(butyrate, C4) [17]. The second 
part of the filtered fluid sample was for measurement of the 
rumen microbial population, including bacteria, protozoa, 
and fungi using the method of Galyean [18]. The second 
portion was fixed in a sterilized 0.9 percent saline solution 
with 10 percent formalin solution and then analysed using 
the methods of total direct counting of bacteria, protozoa, 
and fungal zoospores [18].
 A jugular vein blood sample (about 10 mL) was collected 
(at the same time as rumen fluid sampling) and analyzed 
for blood urea nitrogen (BUN) according to the method of 
Crocker [19]. Fecal and urine samples were collected during 
the last 7 days of each period using total collection method. 
The feces were dried at 60°C for 2 or 3 days then were ground 
and used for nutrient digestibilities (Cyclotech Mill, Teca
tor, Höganäs, Sweden). The feces were chemically assessed 
for DM, ash, and CP [12]; NDF and ADF were measured 
according to the procedure of Van Soest et al [13]. Urine 
samples were collected and analyzed for allantoin by high 
performance liquid chromatography [20]. The efficiency of 
microbial N supply (EMNS) was a good indicator for mea
surement of the digestible organic matter (OM) to the unit 
of nitrogen fermented in the rumen [21]. The sum of ab
sorption by microbial purines derivative (PD) was determined 
from PD excretion based on the relationship derived from 
the Liang et al [22] equation:

 Y = 0.12X+(0.20 BW0.75). 

 Microbial N supply (MNS) was estimated by Chen and 
Gomes [21] urinary excretion of PD: 

 MN (g/d) = 70X/(0.116+0.83+1,000) = 0.727X, 

where X and Y are mmol/d PD absorption and excretion.

 The EMNS was determined using the following formula:

 EMNS = microbial N (g/d)/DOMR, 

where DOMR, digestible OM apparently fermented in the 
rumen (assuming rumen digestion was 650 g/kg OM of to
tal tract digestion, DOMR = DOMI 0.65, DOMI, digestible 
OM intake).

Statistical analysis
All data were subjected to analysis of variance according to a 
4×4 Latin square design using the general linear models pro
cedures of SAS version 9.3 Edition 2013 [23]. The results were 
presented as mean values with the standard error of the means. 
Treatment trends were statistically compared using orthogo
nal polynomials. The difference among means with p<0.05 
was accepted as statistical differences.

RESULTS 

Chemical composition of the experimental diets
The data of the concentrate ingredients and chemical com
position of the experimental feeds are presented in Table 1. 
Concentrate mixtures were based on local feed resources 
containing CP that were similar among treatments. FHM 
has high concentrations of CP 25.6% and CT 5.6%. RS has a 
low CP (2.4%) and high content of NDF 75.2% and ADF 
46.6%, respectively. In addition, an increasing level of FHM 
resulted in increased NDF and ADF content in the concen
trate.

Voluntary feed intake, digestibility, and intake of 
nutrients 
Table 2, reports on data of all intakes and the apparent di
gestibilities (%) of nutrients. Additionally, the apparent 
digestibilities (DM, OM, CP, NDF, and ADF) were linearly 
increased from 62.3% to 67.4%, 67.2% to 68.3%, 64.2% to 
68.7%, 52.6% to 58.3%, and 45.3% to 52.7% of DM, respectively. 
The findings suggest that up to 100% SBM supplementation 
could be replaced by FHM. The low digestibility of FHM 
was probably due to the CT, which would impact on the 
rumen degradation of the microorganisms. This phenome
non may be because CT decreases the number of protozoa, 
and bacteria are the protozoa feed substrate; thus, the pop
ulation of fibrolytic bacteria will be expected to increase 
afterwards [24]. 

Rumen fermentation characteristics, blood metabolites 
and microbial populations 
As shown in Table 3, the measured rumen variables includ
ing the ruminal pH, temperature, NH3N, and BUN were 
not statistically different among treatments (p>0.05) at all 
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levels when SBM was replaced with FHM, but the VFA pro
files were impacted (p<0.05). In addition, the production of 
total VFA, and propionate proportion were increased, while 
proportion of acetate reduced in all supplementation groups 
up to an increase of 100% FHM in the diet. However, CH4 
estimation was significantly lower with increasing levels of 
FHM replacing SBM (p<0.05). Furthermore, the bacteria 
population was the highest values while the protozoal popu

lation was decreased in all supplementation groups with 
FHM replacing SBM at 100% DM (p<0.05). However, the 
rumen fungal zoospores were not affected by treatments (p> 
0.05) when comparing the control group.

Microbial protein synthesis
Table 4 shows the excretion of urinary PD and EMNS. The 
results revealed that allantoin excretion and absorption in all 

Table 2. Flemingia as a protein source fodder on voluntary feed intake and nutrient digestibility in beef cattle

Items
Replacement levels of FHM for SBM (% fresh basis)

SEM
Contrasts

0 30 60 100 Linear Quadratic Cubic

Rice straw intake
kg of DM/d 2.3 2.4 2.4 2.5 0.09 0.07 0.27 0.37
% of BW 1.2 1.3 1.3 1.3 0.05 0.50 0.79 0.87
g/kg BW0.75 47.1 49.5 49.7 50.9 1.79 0.43 0.86 0.75

Concentrate intake
kg of DM/d 0.9 0.8 0.8 0.9 0.16 0.60 0.68 0.47
% of BW 0.5 0.5 0.5 0.5 0.05 0.86 0.83 0.70
g/kg BW0.75 18.3 18.2 18.2 18.3 0.02 0.48 0.39 0.27

Total feed intake
kg of DM/d 3.2 3.2 3.3 3.4 0.09 0.14 0.25 0.16
% of BW 2.0 2.0 2.0 2.1 0.05 0.67 0.93 0.71
g/kg BW0.75 71.1 71.1 73.3 75.6 0.17 0.80 0.82 0.67

Apparent digestibility (%)
Dry matter 62.3a 64.1b 64.4b 67.4c 0.49 < 0.05 0.31 0.48
Organic matter 67.2a 67.6a 68.1b 68.3b 0.76 < 0.05 0.45 0.39
Crude protein 64.2a 66.7b 68.1c 68.7c 0.60 < 0.05 < 0.05 0.03
Neutral detergent fiber 52.6a 54.8b 58.2c 58.3c 0.35 < 0.05 < 0.05 0.69
Acid detergent fiber 45.3a 46.5a 50.1b 52.7c 0.74 < 0.05 < 0.05 0.82

FHM, Flemingia hay meal; SBM, Soybean meal; SEM, standard error of the means; DM, dry matter; BW, body weight. 
a-c Means in the same row with different superscripts differed (p < 0.05).

Table 3. Flemingia as a protein source fodder on fermentation characteristics, blood urea nitrogen and microbial population in beef cattle

Items
Replacement levels of FHM for SBM  

(% fresh basis) SEM
Contrasts

0 30 60 100 Linear Quadratic Cubic

Ruminal pH 6.5 6.6 6.6 6.6 0.81 0.78 0.85 0.82
Temperature (°C) 39.0 39.1 38.6 38.9 0.40 0.44 0.82 0.46
Total VFAs (mg/dL) 105.0a 108.3ab 110.1ab 112.7b 1.32 < 0.05 0.35 0.67
Molar of VFAs (%)

Acetic acid (C2) 67.6b 65.8a 65.3a 64.7a 0.36 < 0.05 0.71 0.88
Propionic acid (C3) 22.2a 23.1a 25.0b 25.4b 0.16 < 0.05 0.35 0.73
Butyric acid (C4) 10.2 11.1 9.7 10.0 0.17 0.45 0.62 0.75
CH4 estimation (mmol/100 mol)1) 28.4b 27.7b 26.4a 26.1a 0.18 < 0.05 0.74 0.83
Ammonia-nitrogen (mg %) 17.2 16.2 16.8 17.8 1.32 0.21 0.86 0.45
Blood urea nitrogen (mg/dL) 13.6 13.1 13.3 13.4 1.43 0.63 0.56 0.85

Rumen microbe population (cell/mL)
Bacteria ( × 1011) 10.2a 11.6b 13.0c 14.3c 0.30 < 0.05 0.46 0.41
Protozoa ( × 106) 8.9c 6.5b 3.7a 3.5a 0.46 < 0.05 0.25 0.67
Fungi ( × 105) 2.5a 2.9b 3.1b 3.5b 0.26 < 0.05 0.28 0.75

FHM, Flemingia hay meal; SBM, soybean meal; SEM, standard error of the means; VFAs, volatile fatty acids.
1) CH4, methane production =  0.45 (C2)–0.275 (C3)+0.4 (C4) calculated according to Moss et al [17].
a-c Means in the same row with different superscripts differed (p < 0.05).
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treatments were not affected (p>0.05). However, MNS and 
EMNS were significantly enhanced (p<0.05) when SBM was 
replaced fully by FMS.

DISCUSSION 

Chemical composition of the experimental diets
The FHM in the present study contained higher CP and 
lower CT content than those described by Mui et al [4] and 
Fagundes et al [25] and could be as a result of the harvesting 
time and season of harvesting as the dry season would re
duce CP and increase CT content. The CT contained in FHM 
was at an optimal level to form tanninprotein complexes by 
hydrogenbonding especially under alkaline pH conditions 
at pH 3.5 to 7 but will dissociate at pH<3.0 and >8.0 [26].

Voluntary feed intake, digestibility and intake of 
nutrients 
There were no changes of DM intakes as level of FHM in
creased in the concentrate mixture, which mean that FHM 
could completely replace SBM in the concentrate. While, the 
total DM intakes were in good range for all treatments. In
terestingly, the digestibilies of nutrients were significantly 
enhanced by increasing the level of FHM in replacing SBM 
in the concentrate. These results could be due to the pres
ence of CT (<6% in the concentrate) which was beneficial in 
the rumen supporting the microbiome activities, resulting in 
more C3 production. This result agreed with Phesatcha et al 
[10] reported that FHM supplement in concentrate diets at 
150 g/kg, could increase the digestibility of CP and NDF in 
steers. Fagundes et al [25] reported that results could be in
fluenced by harvesting time and season as harvesting in the 
dry season will reduce CP and increase CT content of the 
foliage. Jones and Mangan [26], suggested that CT contained 
in Flemingia was at the optimal level to produce tanninpro
tein complexes particularly in the presence of alkaline and 
stable by hydrogenbonding within the range of pH 3.5 to 7. 
On the other hand, supplementation of feed containing CT 
resulted in improved voluntary feed intake, digestion, and 

metabolism of nutrients that are absorbed [27]. Meanwhile, 
if CT level were too high (>6% DM), it would reduce feed 
palatability, digestibility and the productivity of ruminants 
[28]. Moreover, Min et al [29] demonstrated that intake of 
CT in the diet of cattle could increase bypass protein, bloat 
suppression, and daily weight gain in lambs.  

Rumen fermentation characteristics, blood metabolites 
and microbial populations
The pH values were stable at about 6.6 and the temperature 
was in normal ranges of about 39°C. As stated by Wanapat 
and Pimpa [30] that a range of rumen NH3N of 15 to 30 
mg/dL was good to support the activities of rumen microor
ganisms in degrading the roughage in the rumen. While, 
Beauchemin et al [31] showed that dietary tannins shifted 
the rumen VFA profile by increasing propionate and narrowed 
the ratio of acetate to propionate. Furthermore, the rumen 
population of Fibrobacter succinogenes was reduced by high 
dose of tannins [32]. Moss et al [17] reiterated that rumen 
fermentation stoichiometric profile would be shifted by the 
dietary rations and the fermentation endproducts could be 
used to estimate the rumen methane base on the acetate, 
propionate, and butyrate concentrations. However, Puchala 
et al [33] stated that feeding CTcontaining plants to rumi
nants resulted in reduced methane emission. Additionally, 
the data reported by Hess et al [34] revealed the reduction of 
CH4 emission was impacted by supplementation of Calliandra 
and Flemingia fodders in an in vitro fermentation experiment. 
In the rumen, CTs may help directly inhibit the growth of 
methanogens [35]. The hydrogen acceptors from CT can re
duce the amount of hydrogen available in the rumen to form 
CH4 [36]. However, Foiklang et al [37] suggested that the use 
of plant containing CTs had effective action in suppressing 
methanogens and, hence methane production. This might 
be due to CT from legume foliage affecting the cell membrane 
of protozoa. Moreover, Poungchompu et al [15] demonstrated 
that tannins and saponins reduced protozoa and fungi pop
ulations in dairy heifers. Szczechowiak et al [38] reported 
that Vaccinium vitis-idaea containing 4.5% of CT extract could 

Table 4. Flemingia as a protein source fodder on urinary purine derivatives and microbial protein synthesis in beef cattle

Items
Replacement of levels FHM for SBM  

(% fresh basis) SEM
Contrasts

0 30 60 100 Linear Quadratic Cubic

Urinary purine derivatives (mmol/d)
Allantoin excretion 30.1 25.5 27.2 27.7 0.47 0.58 0.71 0.92
Allantoin absorption 75.3 85.2 92.6 94.5 0.52 0.41 0.93 0.76

MNS (g/d) 54.8a 62.0b 67.5b 68.7b 1.25 < 0.05 0.26 0.56
EMNS (g/kg OMDR) 23.8a 28.2b 32.1b 32.7b 0.30 < 0.05 0.08 0.35

FHM, Flemingia hay meal; SBM, soybean meal; SEM, standard error of the mean; MNS, microbial nitrogen supply; EMNS, efficiency of microbial nitrogen 
synthesis; OMDR, digestible organic matter apparently fermented in the rumen. 
ab Means in the same row with different superscripts differed (p < 0.05). 
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suppress concentration of ruminal methane and resulting in 
decreased methanogen, bacteria, and protozoal populations. 
However, Cieslak et al [39] suggested that interaction between 
tannins and dietary components such as protein and fiber, 
caused a decrease in the availability of tannins to deal with 
rumen microbes.

Microbial protein synthesis
The allantoin excretion and absorption in urine were not 
affected by the treatments, while MNS and EMNS were 
significantly enhanced when increasing levels of FHM re
placed SBM. Similarly, Phesatcha et al [10] found that MNS 
was improved when cassava hay was supplemented with 
FHM in dairy steers. As a result of allantoin absorption, the 
MNS flow from the rumen ranged from 54.8 to 68.7 g/d, 
respectively. Waghorn et al [40] recommended that feeding 
Lotus corniculatus improved nitrogen retention and nitro
gen absorbed. Furthermore, the rumen microbial protein 
reaching the lowergut could be absorbed from 50% to 80% 
of total absorbable protein in ruminants [41].

CONCLUSION

The results of the present study show that FHM could be 
used as a source of protein replacement for SBM which could 
enhance nutrient digestibility and rumen fermentation effi
ciency. Furthermore, FHM reduced the ruminal protozoal 
population and methane production. This study showed 
that the replacement of SBM by FHM up to 100% in the 
concentrate mixture was beneficial and improved the nu
tritive value in ruminant diets.
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