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Abstract 

The utilization of probiotics in ruminant diets has attracted a growing interest in providing various health and productive 

benefits. Enterococcus faecium characterization, encapsulation and evaluation as a potential probiotic for ruminants was the 

main aim of the current study. The isolated lactic acid bacterium (LAB) in this study was identified using MALDI-TOF MS 

technology and 16S ribosomal rDNA sequencing. The ability of the isolated LAB for producing antimicrobial agents as well 

as its tolerance to heat, acidity and bile salt was examined. Biomass production for the isolated strain using permeate basal 

media was conducted. For feeding purpose; the produced biomass was encapsulated using extrusion method by sodium 

alginate. The encapsulated biomass effects on rumen fermentation and feed degradation were evaluated using in vitro batch 

culture technique. The results indicated that the isolated strain which met the specifications of the ideal probiotic was 

Enterococcus faecium EGY_NRC3. The addition of the encapsulated E. faecium EGY_NRC3 to the ruminant ration led to 

higher degradability for the fiber fractions, dry matter (DM) and organic matter (OM) with higher production of total gases 

(TGP) and short chain fatty acids (SCFA) in the rumen in vitro. In conclusion; local production of LAB probiotic using milk 

permeate will lead to reduce the importation cost for probiotics and diminish the environmental pollution hazards. 

 

Keywords: Enterococcus faecium, dairy animal, probiotics, encapsulation, rumen microflora, ammonia nitrogen and ruminal 

gas production.  

 

1. Introduction 

Shortage of feedstuffs and animals’ lack of 

benefit from the available feedstuffs are the main 

problems facing animal nutritionists in Egypt [1]. To 

find effective solutions for these problems which 

have significant impacts on ruminant’s productivity, 

many approaches have been given attention through 

time. Enrichment of the nutritional value of the 

agricultural by-products to be used as alternative 

feedstuffs through mechanical, chemical, or 

biological treatments is one of these approaches [2-

3]. Also, the use of feed additives like feed enzymes 

[4], herbal and medicinal plants [5- 6], essential oils, 

algae and yeasts [7, 8], antibiotics [9], and probiotics 

[10] is another approach. 

Nowadays, there is a great interest in the use of 

probiotics as live microbial feed supplement [11]. 

They can improve animal health via modulation of 

gastrointestinal microbial balance and activities [12]. 

Probiotics are broad and include a variety of bacteria 

(Enterococcus, Lactobacillus, Bifidobacterium and 

Bacillus) and yeasts which became commonly used 

as ruminant feed supplement10. Enterococcus is a 

genus of lactic acid-producing bacteria, that naturally 

inhabit the rumen and intestine of the ruminant, are 

easily cultivated and proliferate under aerobic or 

anaerobic conditions, therefore their preparations 

represent a good probiotic source for ruminants [12].  

Enterococci are gram-positive, facultative 

anaerobic [13], capable of producing vitamin B12 

[14], enzymes [15], and antimicrobial bacteriocin 

called enterocin [16]. Enterococcus faecium is 

commonly used in ruminant feeding as a probiotic 

due to its effectiveness in growth stimulation of 

rumen microflora and maintaining the activity of the 

ruminal lactate-utilizing bacteria which leads to the 

prevention of ruminal acidosis and increases the 

glucogenic propionate energy supply for the host 

animal [17]. Also, Enterococcus faecium plays a vital 
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role in the antagonism of the harmful bacteria in the 

rumen through the production of antimicrobial agents 

[18]. The action of Enterococcus faecium is 

depending on its availability and viability in the 

rumen, diet composition, and rumen environment 

[19]. 

Probiotics in general are very sensitive to 

gastrointestinal conditions and their 

microencapsulation has been considered the key tool 

to maintain their viability during feeding and their 

passage through the acidic conditions of the gut [20-

23]. Microencapsulation provides various advantages 

including the utilization of simple equipment with 

low production cost in addition to the high 

encapsulation efficiency that reaches above 90% by 

applying the extrusion method using different coating 

materials [24]. Accordingly, the characterization, 

encapsulation, and evaluation of the newly isolated 

Enterococcus faecium as a potential probiotic for 

ruminants were the main aims of the current study.  

2. Experimental 

2.1. Microorganism: The used bacterial strain was 

isolated during an intensive course screening program 

concerned with the isolation of lactic acid bacteria 

from fresh milk and local homemade dairy products. 

Carbohydrate fermentation pattern [25] of the isolated 

strain, as well as its ability for the production of 

ammonia from arginine [26], was determined. In 

addition, identification of the isolate was carried out 

by matrix-assisted laser desorption ionization-time-

of-flight mass spectrometry (MALDI-TOF MS) as 

well as 16S ribosomal DNA (rDNA) sequencing. 

MALDI-TOF MS depends on the analysis of the total 

proteome in which a score more than 1.7 indicates 

genus identification and a score more than 2 is the 

confidence value at the species level. In 16S rDNA 

sequencing, the genomic DNA was initially extracted 

from a freshly prepared culture then PCR 

amplification of the segment of its 16S rRNA gene 

was carried out using the two primers, 8f 

(5'_AGAGTTTGATCCTGGCTCAG-3') and 1495R 

(5'_CTACGGCTACCTTGTTACGA-3'). On the base 

of the sequencing data, phylogenetic analysis was 

inferred using neighbor joining method and the 

phylogenetic tree was constructed using MEGA x.  

2.2. Temperature tolerance: According to the 

Rajkowska method [27], the growth of the isolate 

was monitored at different temperatures (10-40 ºC) in 

which M17 broth medium was inoculated by 5 % 

(v/v) of 24 h old age activated M17 broth culture then 

the optical density was measured 

spectrophotometrically at 600 nm every 24 h up to 72 

h. At 60 ºC, pour plate count [28] was used to 

enumerate its viable count after pre-incubation of the 

inoculated medium at that temperature for 30 min. 

The pre-incubation viable count was considered as 

the control in which the results were the average of 

two replicates. 

2.3. pH, NaCl, and bile salt tolerance: The growth 

of the isolate was evaluated at different pH ranging 

from 2 to 9.6 according to the modified method of 

Wang et al., [29]
 
in which the inoculated M17 broth 

medium (previously adjusted by 5 M HCl or NaOH 

to the desired pH) was incubated for 24 h at 30 ºC. 

Moreover, the growth in M17 broth supplemented 

with different concentrations of NaCl (0.5 to 6.5 %) 

and different concentrations of bile salt (1, 2 and 3 

%) was estimated. 

2.4. Stability of the isolated strain in simulated 

gastrointestinal juices: To simulate the gastric juice, 

pepsin was prepared at a final concentration of 3 g/L 

in saline solution then the pH was adjusted to 2.0 

using concentrated lactic acid. In order to simulate 

small intestinal juice, pancreatin was added at a final 

concentration of 10 g/L to a sterile solution composed 

of (% w/v), 0.3 bile salts; 0.65 NaCl; 0.083 KCl; 

0.022 CaCl2; 0.138 NaHCO3 then adjusted to pH 7.0 

[30]. The tested isolate was activated in M17 broth 

inoculated with 5 % (v/v) and incubated for 48 h at 

37 ºC. The cells were obtained by centrifugation of 

the activated culture at 5000 rpm for 15 min. The 

initial count of the tested strain was estimated by the 

pour plate method on an M17 agar medium incubated 

at 37 ºC for 48 h. The experiment was carried out in 

15 mL falcon tubes in which 1 mL of cells were 

added to 9 mL of the prepared gastric solution and 

incubated for 2 h at 37 ºC. Aliquots of 1 mL were 

removed to assess resistance to gastric juices. The 

gastric solution was removed by centrifugation (4000 

rpm/10 min) and replaced with 9 mL of intestinal 

solution that was incubated for 4 h at 37 ºC. After the 

incubation period, 1 mL was removed to assess 

resistance to intestinal juices. The stability counts 

were determined by the pour plate method on M17 

agar medium incubated at 37 ºC for 48 h.  

2.5. Auto-aggregation test: According to Collado et 

al., [31], the isolate was cultivated in M17 broth for 

24 h followed by centrifugation (10 min at 4500 rpm) 

in a sterilized centrifuging falcon and washing with a 

sterile 0.05 M phosphate buffer pH 7. After the cells 

were suspended in 4 mL of the same buffer and 

vortex for 20 sec, the absorbance was measured 

immediately at 600 nm and after 24 h incubation at 

30 ºC. The auto-aggregation percentage was 

calculated according to the following equation: 

Autoaggregation (%) = [1-(A24/A0)] x 100 

Where, A24 is the absorbance after 24 h incubation 

period and A0 is the absorbance at zero time. 
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2.6. Antibacterial activity: The antibacterial activity 

was determined using the well diffusion method 

according to Bali et al, [32] against Staphylococcus 

aureus ATCC 6538, Bacillus cereus ATCC 14579, E. 

coli ATCC 8739 and Salmonella Typhimurium 

ATCC 14028. The bacterial cell suspensions 

matching a 0.5 McFarland standard were grown on 

nutrient agar at 37 ºC for 24 h. The supernatant of the 

isolated strain obtained after centrifugation of M17 

pre-cultured medium incubated for 48 h at 30 ºC was 

examined in which 0.1 mL of the supernatant was 

placed in wells of 7 mm in diameter made in the agar 

plates with a sterile glass Pasteur pipette. The 

Ampicillin (10 µg /mL) was used as positive control 

for results comparison. 

2.7. Antibiotic susceptibility test: The antibiotic 

susceptibility of the isolate was evaluated using 

different antibiotic discs including ampicillin (10 μg), 

cefadroxil (30 μg), erythromycin (15 μg), kanamycin 

(30 μg), streptomycin (10 μg), tetracycline (30 μg) 

and vancomycin (30 μg). Initially, the isolate was 

grown in M17 broth for 24 h and adjusted to around 

10
5 

CFU/mL then used for culturing M17 agar plates. 

Antibiotic discs were placed on the inoculated plates 

using sterile forceps and incubated at 37 ºC for 48 h. 

The inhibition zone around each disc was measured 

in mm. 

2.8. Biomass production of the isolated strain 
using whey permeate: Different growth permeate 

basal media were formulated with the following 

composition (g/L permeate); Medium (1): Yeast 

Extract; 5.0, Peptone; 5.0 and Magnesium Sulfate; 

0.5. Medium (2): Yeast Extract; 5.0, Peptone; 5.0, 

Magnesium Sulfate; 0.5, Ammonium Chloride; 3 and 

Ascorbic acid; 2.5. Medium (3): Yeast Extract; 5.0, 

Peptone; 5.0, Magnesium Sulfate; 0.5, Beef extract; 5 

and Ascorbic acid; 2.5. The media were inoculated 

with 5 % (v/v) of 24 h old age activated M17 broth 

culture of the isolated strain then incubated at 37 ºC 

for 48 h followed by centrifugation at 6000 rpm for 

15 min at 4 ºC and drying at 50 ºC.  The un-

inoculated media were used as a control. 

2.9. Microencapsulation of the isolated strain by 

extrusion method using sodium alginate: Initially, 

sodium alginate was dissolved in distilled water at a 

concentration of 3 % (w/v) and sterilized by 

autoclaving at 121 ºC for 15 min. After that, a 

mixture of 100 mL sodium alginate and 25 mL of the 

isolate cells was homogenized using magnetic stirring 

for 10 min. The mixture was transferred into a 

measuring syringe of 5 mL (0.5 mm). After that, the 

mixture was extruded into the CaCl2 solution (20 g/L 

w/v) under stirring for 30 min. The formed 

microcapsules were collected, washed with normal 

saline and stored in cooling for the next expermints 

[20]. Evaluation of the encapsulation efficiency (EE) 

was estimated in which one gram of the 

microcapsules was added to 9 mL of sterile 2 % (w/v) 

trisodium citrate solution and then vortex until 

completely broken of the microcapsules. The count of 

the isolate inside the broken microcapsules was 

detected by the pour plate method on M17 agar in 

which the plates were incubated at 37 ºC for 48 h 

anaerobically [30]. EE was calculated according to 

the following equation: 

EE = Log N / Log No × 100 
Where, N is the count of the isolated strain inside the 

microcapsules and No is the count of the free cells 

added to sodium alginate. 

2.10. Impact of the addition of the 

microencapsulated isolate on ruminal 
fermentation characteristics (in vitro): Evaluation 

of the impact of the produced microencapsulated 

strain on rumen fermentation characteristics was 

carried out using the batch fermentation technique as 

described by Ismail et al., [33]. The incubation 

vessels (3 replicates for each treatment) were filled 

with 40 mL of a mixture of 1:3 (v/v) rumen fluids: 

buffer solution + 400 mg of the tested ration and 

separately supplemented with the microencapsulated 

strain at different levels (0, 1, 2 and 3 g/Kg of the 

tested ration) and then sealed and incubated for 24 h 

at 39 ºC. Each gram of the microencapsulated strain 

contains 1.2 x 108 CFU. The feed ingredients and the 

chemical composition of the tested ration were shown 

in table (1). After the incubation period, the vessels 

were filtered and the remaining residues were dried to 

constant weight to determine the dry matter (DM), 

organic matter (OM), neutral detergent fibre (NDF) 

and acid detergent fibre (ADF) digestibility. Rumen 

fluid pH, total gas production (TGP), ammonia NH3-

N and short-chain fatty acids (SCFA) concentrations 

were determined as described by Ismail et al., [33]. 

Table (1): Feed ingredients and chemical composition of the tested ration based on dry matter (g/kg) 

Item DM OM CP CF EE Ash NFE 

C FM 922.70 940.00 168.00 195.00 40.20 60.00 536.80 

Egyptian clover  905.00 950.00 160.00 400.20 30.50 50.00 359.30 

Corn stalks 930.00 932.50 15.00 481.20 17.40 67.50 418.90 

Control ration 916.35 943.25 149.50 305.70 34.04 56.75 454.01 

CFM: Concentrate feed mixture, DM: Dry matter, OM: Organic matter, CP: crude protein, CF: crude fiber, EE: Ether extract, NFE: Nitrogen 
free extract 

Control ration: 60% concentrate feed mixture (50% yellow corn + 15% soybean meal + 10% sunflower meal + 10% D.D.G.S + 15% wheat 

bran), 30% berseem (clover) hay and 10% Corn stalks 
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2.11. Statistical analysis: IBM SPSS Statistics 

for Windows (https://www.ibm.com/products/spss-

statistics) was used for statistical analysis of the data 

using one way ANOVA test to compare means. 

Duncan's multiple range tests was used to test the 

significance among means at probability level of 

0.05. 

3. Results  

3.1. Microorganism: The bacterial strain used in the 

present study was gram-positive catalase-negative 

cocci isolated from locally homemade cheese. The 

carbohydrate fermentation pattern of the isolated 

strain indicated its ability for the fermentation of 

glucose, lactose, and fructose. Moreover, it had been 

indicated to produce ammonia from arginine. 

MALDI-TOF MS identified the isolated strain as 

Enterococcus faecium with a confidence value of 

1.83. Identification of the isolate was confirmed on 

the base of the results of 16S rDNA nucleotide 

sequencing that indicated its identity percentage of 

99.37%. Phylogenetic analysis was inferred using the 

neighbor-joining method and the constructed 

phylogenetic tree was shown in Figure (1). The 

sequencing data were submitted to NCBI under the 

name Enterococcus faecium EGY_NRC3 and 

received accession number MW856656. 

  

 
 

Figure (1): The phylogenetic tree for the isolated strain constructed using MEGA X 

 

3.2. Temperature tolerance: The increase in the 

growth of the isolated strain after incubation at 

different temperatures for different incubation 

periods (24-72 h) was calculated by dividing the 

estimated optical density at 600 nm by the initial 

optical density. The results indicated the disability of 

the isolated strain to grow in low temperatures as 

shown in Figure (2). In addition, the viable count of 

the strain after pre-incubation at 60 ºC for 30 min 

indicated the survivability of the strain with an 

observed decrease by 2.10 log cycles to reach 3.635 

Log CFU/mL. 

3.3. pH, NaCl and bile salt tolerance: The growth 

of the isolated strain at different pH, NaCl and bile 

salt concentrations were monitored. The results 

indicated that the strain could survive in M17 broth 

adjusted to different pHs ranging from 2 to 9.6 

(Figure 3) but it could not survive in M17 broth 

supplemented with either high concentration of NaCl 

(4 and 6.5) or bile salt.  

3.4. Stability of the isolated strain in simulated 
gastrointestinal juices: The stability of the isolated 

strain after exposure to gastrointestinal juices was 

shown in Figure (4). At the gastric solution, the initial 

count was recorded 9.60 Log CFU/g and at the 

gastric solution, a decrease was observed after 2 h to 

record 8.37 Log CFU/g. More declines in the count 

were observed after transferring the remained cells in 

the intestine juice to record 6.55 Log CFU/g after 4 h. 

The count was declined by about 3.00 log cycles in 

the gastrointestinal juices. 
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Figure (2): The effect of temperature and incubation period on the growth of the isolated strain 

 

 
                   Figure (3): The effect of pH on the growth of the isolated strain. 

 

 

 
Figure (4): In vitro viability of the isolated strain in simulated gastrointestinal conditions (Log CFU/g) 

 

0

10

20

30

40

50

60

70

24 48 72

F
o
ld

 o
f 

g
ro

w
th

 i
n

cr
ea

se

Incubation period (h)

10

15

30

40

Ab
Bb

Bc

Aa

Ba
Ab

CaCa Ca Ca CaCa

0

10

20

30

40

50

60

70

2 3 4 5 6 7 9.2 9.6

F
o

ld
 o

f 
g

ro
w

th
 i
n

c
re

a
se

pH

B

A

B
C C

DEE

0

2

4

6

8

10

12

Intial count Gastric juice Intestinal juice

L
o

g
 C

F
U

/g

A

B

C



 H S. El-Sayed et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 10 (2023)  

 

 

112

3.5. Autoaggregation: Cell aggregation is one of the 

most important phenotypic characteristics of the 

potentially probiotic strain. In the current study, the 

autoaggregation value estimated for the isolated 

strain was 85.77 %.  

3.6. Antibacterial activity: The antibacterial activity 

of the isolated strain was evaluated against gram-

positive and gram-negative bacteria. As illustrated in 

Table (2), Figure (5) the isolated strain exhibited 

broad antibacterial activity ranging from 13 to 18 mm 

depending on the pathogenic strain type.  

Table (2): Antibacterial activity 

Tested strain 

Inhibition zone (mm) 

Culture 

supernatant of 

the isolated 

strain 

Ampicillin 

(10 μg) 

Staphylococcus aureus 

ATCC 6538 
17± 0.28a 19± 0.42a 

Bacillus cereus ATCC 
14579 

18±0.33a 17±0.28a 

E. coli ATCC 8739 13±0.29c 13±0.64b 

Salmonella Typhimurium 
ATCC 14028 

15±0.30b 14±0.14b 

Means in the same columns with different superscripts differ, P < 

0.05. ± MSD: Mean of standard deviation.  
S: ≥17; I: 14–16 and R: ≤13. According to the CLSI and Eucast 

clinical microbiological zone diameter standards (mm) using 

ampicillin for comparison; Sensitive: ≥17; Intermediate: 14–16 and 
Resistant: ≤13. 

 

 
A 

 
B 

C D 

Figure (5): Antibacterial activities image for isolated strains 

against tested pathogen. 

Note: Bacterial isolate No. 3 was the subject of the study of this 

research paper 

 

3.7. Antibiotic susceptibility test: Antibiotic 

susceptibility of the isolated strain was examined and 

the result indicated that the susceptibility of the 

isolated strain to tetracycline (30 μg), ampicillin (10 

μg), cefadroxil (30 μg), erythromycin (15 μg), and 

vancomycin (30 μg) with average inhibition zones 

ranged from 15 to 35 mm. In addition, it had been 

indicated to be resistant to kanamycin (30 µg) and 

streptomycin (10 µg) (Table 3). 

Table (3): Result of the antibiotic susceptibility test  
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3.8. Biomass production of the isolated 

Enterococcus faecium using whey permeates 

media: The isolated strain was able to grow well in 

the examined prepared media using whey permeate in 

comparison with standard M17 medium and the 

biomass produced (as dry cell weight) was shown in 

Figure (6). The produced biomass was recorded as 

24.3, 23.5, and 23.7 g/L for media NO. 1, 2, and 3, 

respectively in comparison to 22.7 g/L for the M17 

medium. 

 

 
Figure (6): Biomass production of Enterococcus faecium NRC-3 

using different whey permeate media.  

 

3.9. In vitro study 

3.9.1. Encapsulation of the isolated Enterococcus 
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3.9.2. CFU/mL and the calculated percentage of 

microencapsulation efficiency was 96.89 %. 

3.9.3. Effect of Enterococcus faecium NRC-3 

addition level on feed degradability parameters: 
The data in Table (4) indicated that as the addition 

level of the isolate increased, the values of ruminal 

feed degradability parameters (DM, OM, NDF & 

ADF) gradually increased. There was a direct linear 

relationship between the isolate level addition and the 

ration digestion coefficients. However, there was no 

significant change was detected in the digestion 

values of DM, OM, NDF and ADF due to the 

addition of the isolate at 2 g or 3 g per Kg of the 

tested ration. Therefore, the addition of E. faecium 

NRC-3 at a level of 2 g/kg of feed dry matter will be 

recommended from an economical point of view. 

Table (4): Effect of Enterococcus faeciumNRC-3 addition level on 

feed degradability parameters 

Supplementation 

level 

DMD 

% 

OMD

% 

NDFD 

% 

ADFD 

% 

Control  48.17c 54.04c 34.7c 24.42c 

E. faecium (1 

gm/Kg) 
50.82b 56.69b 37.35b 27.07b 

E. faecium (2 

gm/Kg) 
53.81a 59.68a 40.34a 30.06a 

E. faecium (3 

gm/Kg) 
55.88a 61.75a 42.41a 32.13a 

MSD± 1.32 1.51 1.09 1.21 

 

DMD%: dry matter degradability, OMD%: organic matter 
degradability, NDFD%: neutral detergent fiber degradability and 

ADFD%: acid detergent fiber degradability. ± MSD: Mean of 

standard deviation. Means in the same row with different 
superscripts differ, P < 0.05. 

 

3.9.3. Effect of Enterococcus faecium NRC-3 

addition level on feed fermentation 

characteristics: The data in Table (5) indicated an 

inverse relationship between the addition level of the 

isolate and the ruminal pH and CH4 values. The 

control ration recorded the highest ruminal pH and 

CH4 values, while the treated rations showed a 

gradual decline in ruminal pH values and CH4 

production with the increase of E. faecium NRC-3 

addition level. In contrast, there was a positive 

(linear) relationship between E. faecium NRC-3 

addition level and ruminal total gas production (TGP) 

volume and SCFA concentration. No significant 

change had been detected in the ruminal CO2 

production and NH3-N concentration after E. faecium 

NRC-3 addition. There was no significant difference 

between the impact of the 2nd and the 3rd addition 

level of the isolate on ruminal pH value and SCFA 

concentration. The 3
rd

 addition level increased 

significantly the ruminal TGP production when 

compared with the 2nd addition level. Therefore, the 

use of the third level of Enterococcus faecium NRC-3 

will be excluded from an environmental point of 

view. 
 

4. Discussion 
In the current study, the potentiality of the isolated 

Enterococcus faecium as a probiotic for ruminants 

was investigated. Initially, the isolated strain was 

identified by MALDI-TOF MS in which the 

confidence value was 1.83, indicating a reliable 

identification of the genus with low confidence 

species identification. Furthermore, the identification 

of the isolate was confirmed by 16S rDNA and 

consequently the isolate named Enterococcus 

faecium EGY_NRC3. The ability of the isolate for 

producing antimicrobial compounds was in vitro 

evaluated against gram-positive (Staphylococcus 

aureus and Bacillus cereus) and gram-negative (E. 

coli and Salmonella Typhimurium) pathogens in 

which the results indicated a positive effect against 

all the tested strains. Among lactic acid bacteria, 

enterococci are capable for the production of various 

antimicrobial compounds including bacteriocin [16]. 

in comparison with Ampicillin (10 µg /mL), 

Staphylococcus aureus and Bacillus cereus (gram 

positive ) were most significantly inhibited by the 

culture supernatant of the isolated strain. Whereas the 

effect of isolate strain against gram negative was low 

(E. coli) to intermediate as in case of S. Typhimurium 

[34]. 
 

Enterococci are widely spread in nature as they 

are commonly present within the human and animal 

intestinal microbiota in addition to dairy products, 

fermented vegetables and raw fruits [35]. Recently, 

they gained great attention for their exploration as 

probiotics for providing various health benefits [36]. 

In the current study, the isolated strain was able to 

survive at low pH values but it could not tolerate the 

existence of a high concentration of NaCl or bile salt. 

Additionally, its survival rate declined by about 3.00 

log cycles through its existence in simulated 

gastrointestinal juices. Therefore, encapsulation of 

the isolated strain was examined by applying the 

extrusion method using sodium alginate in which the 

microencapsulation efficiency was 96.89 %. 

Microencapsulation had been estimated as an 

appropriate technique for saving the survival rate of 

probiotics without losing their viability for a long 

period [30].  
 

For safety evaluation of the isolate, its antibiotic 

sensitivity was examined and the result indicated that 

the strain was sensitive to ampicillin and vancomycin 

that considered the commonly used antibiotics for the 

treatment of infections caused by Enterococcus sp. 

[37]. Toomey et al., [38] reported that only 4 of 10 

strains of Enterococcus faecium were susceptible to 

vancomycin. Additionally, the antibiotic sensitivity 

test indicated that the isolated strain was resistant to 

kanamycin and streptomycin. This pattern was 

similar to that previously reported by Cho et al., [39].  
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Table (5): Effect of Enterococcus faecium NRC-3 addition level on feed fermentation characteristics 

Supplementation level pH TGP CH4 CO2 SCFA NH3-N 

Control  6.43a 123.47d 12.58a 79.20 1.37b 11.26 

E. faecium NRC-3 (1 gm/Kg) 6.33ab 129.88c 11.89ab 78.85 1.44a 11.38 

E. faecium NRC-3 (2 gm/Kg) 6.27b 134.67b 10.65b 77.02 1.45a 11.53 

E. faecium NRC-3 (3 gm/Kg) 6.23b 145.09a 9.15b 75.42 1.5a 11.87 

MSD± 0.09 8.36 1.91 8.93 0.09 0.65 

TGP: total gas production, CH4: methane production, CO2: carbon dioxide gas production, SCFA: short chain fatty acids and NH3-N: 

Ammonia- nitrogen. ± MSD: Mean of standard deviation 

Means in the same row with different superscripts differ, P < 0.05. 

 

The overall cost of any bioprocess is a major 

obstacle in its industrial application and the 

production media contribute about 40 % of the total 

cost [40]. Therefore, the utilization of industrial by-

products attracted the research focus on the economic 

production of various biomaterials [41-42]. In the 

current study, the production of Enterococcus 

faecium EGY_NRC3 bacterial biomass using whey 

permeate was examined in comparison to the M17 

medium (the standard selective medium for 

enterococci strains). Different nitrogen and salt 

supplementations whey permeate media were 

examined and the results indicated that all of the 

examined media were efficient for the bacterial 

growth with biomass production higher than that 

produced by using M17 medium (22.7 g/L), 

suggesting the applicability of whey permeate media 

for the economic production of the isolated bacterial 

biomass for extending its industrial application. 

The purpose of the present study was to 

investigate the potential probiotic effect of the newly 

isolated E. faecium NRC-3 at three gradual levels on 

feed digestion in the rumen and the pattern of feed 

fermentation by rumen microorganisms. The in vitro 

batch culture technique was usually used to evaluate 

feed's dry matter and organic matter degradability in 

the rumen and indicate the metabolizable energy of 

feed [43]. In the current study, the improvement of 

feed degradability parameters (DM, OM, NDF, and 

ADF) by rumen microorganisms after the inclusion 

of E. faecium NRC-3 might be due to stimulation of 

rumen fermentation activity as a result of higher 

population and colonization of rumen 

microorganisms (especially fibrolytic bacteria) on 

feeds particles. In line with this suggestion, Izuddin 

et al., [44] reported that improvement of feed organic 

matter digestibility, gas and volatile fatty acid 

production in the rumen after lactic acid bacteria 

inclusion could be explained by the rise of the 

ruminal microbial population. Confirming current 

suggestions, Mamuad et al., [12] observed that 

supplementation of E. faecium SROD to the diet 

increased the population of the cellulolytic bacteria, 

R. flavefaciens and F. succinogenes, and most fungal 

species in the rumen. The higher production of SCFA 

(acetate, propionate and butyrate) associated with E. 

faecium NRC-3 addition in the current study was 

reasonable because of the improvement of ruminal 

degradability for DM & NDF of the tested ration. It is 

well known that total volatile fatty acid (TVFA) 

production in the rumen is positively correlated with 

dry matter degradability [45]. Similarly, Mamuad et 

al., [12] found that the addition of E. faecium SROD 

to the diet increased ruminal TVFAs concentration, 

and by increasing the inclusion level of E. faecium 

SROD, the acetate production increased. Also, Jiao et 

al., [19] stated that the addition of E. faecium (LAB3) 

to high grain diets leads to a higher ruminal 

concentration of TVFA than control and suggested 

that E. faecium (LAB3) might support the growth of 

fibrolytic bacteria at pH 6.5.  

In the present study, the gradual decrease of 

ruminal pH with the addition of E. faecium NRC-3 to 

the control was logical, because of the higher 

production of SCFA. Inconsistent with current data, 

lower pH values of the rumen liquor were observed 

with increasing the inclusion level of E. faecium 

SOLD in the diet than the control [12]. Mamuad et 

al., [12] attributed this reduction in the ruminal pH to 

the increase in the production of organic acids like 

acetic and propionic acids by rumen microorganisms. 

In contrast, Jiao et al., [19] stated that the addition of 

E. faecium (LAB3) to high grain diets had no 

significant impact on the ruminal pH in vitro. The 

lack of an effect on the ruminal NH3–N concentration 

with the addition of E. faecium NRC-3 at all the 

additional levels could be explained through lower 

degradability of ration protein with the utilization of 

the resulted NH3-N in the rumen for microbial protein 

synthesis directly [2]. Also, Mamuad et al., [12] 

found that supplementation of E. faecium SROD at 

all inclusion levels didn’t impact NH3-N 

concentration in the rumen. The higher production of 

ruminal total gases with the addition of E. faecium 

NRC-3 to the ration was expected, because of higher 

DM, OM, NDF and ADF degradability of the treated 

ration. Inconsistent with our findings, Muck et al., 

[46] reported that total gas production in the rumen 

was highly positively correlated with feed 

degradation rate. Also, Guo et al., [45] reported that 

silage treated with E. faecalis showed higher ruminal 

gas production than that of the control silage. 

Mamuad et al., [12] indicated that the 

supplementation of 0.1 % E. faecium SROD 
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increased the total gas production in the rumen in 

vitro, but decreased CH4 and CO2 production 

significantly compared to the control. According to 

Jiao et al., [19]; the variance in the data of the 

different studies might be attributed to numerous 

factors including the kind and dose of lactic acid 

bacteria administered, feed ingredients and rumen 

environment and microbial diversity. 

5. Conclusion 

The newly isolated Enterococcus faecium NRC-3 

showed typical characteristics as an ideal 

microorganism for probiotics production. In the 

current study, the use of cheese industry waste 

(permeate) as a substrate for the production of the 

isolated strain was applied for preparing an 

economically competitive probiotic product. 

Moreover, the addition of its encapsulated form to the 

ruminant ration in vitro succeeded in the alteration of 

rumen fermentation toward the production of more 

energy in the form of short-chain fatty acids and high 

biologically valued microbial protein. 
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