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A b s t r a c t  
 

Lysine is an essential limiting amino acid in chick feeding. Its deficiency in feeds, especial-
ly of wheat-barley or corn-sunflower type, can reach 15-20 %. Dietary synthetic amino acids may 
negatively influence productivity due to imbalances caused by rapid amino acids entry into blood. 
This study continues a series of our experiments aimed at determining the efficiency of dietary syn-
thetic lysine replacement by the microorganisms that synthesize L-lysine. Previous studies have 
shown a high positive effect of lysine producing Escherichia coli (Prolizer-BioR probiotic; JSC «Bio-
reactor», Moscow), however, seeking for similar producers among non-pathogenic microorganisms 
remains important. In this paper we present the findings in the support of Lactobacillus plantarum L-
211 probiotic (JSC «Bioreactor», Moscow) ability to optimize the gut microflora in view to increase 
the productive performance in poultry. Using the T-RFLP (terminal restriction fragment length pol-
ymorphism), we compared the cecal bacterial community in four groups of Cobb 500 broiler chickens 
at 35 days of age. The diet in group 1 (control) was a balanced combined feed. The broilers of groups 2, 
3 and 4 were fed with dietary domestic probiotics containing lysine-producing Lactobacillus plantarum 
L-211, L. plantarum which does not produce lysine, or Bacillus subtilis (a daily rate of 1 ml for lacto-
bacilli and 2 ml for bacilli). The concertation of all live bacteria was 100 million CFU/ml. Lysine pro-
ducing L. plantarum L-211 increased the level of lactobacilli by 3.88 times (P < 0.005), of cellulolytic 
and amylolytic Clostridia by 1.13 times, and of acid utilizing Negativicutes by 1.36 times (P < 0.05), 
whereas, on the contrary, reduced the portion of pathogenic peptococci by 1.35 times (P < 0.05), 
staphylococci by 1.46 times and enterobacteria by 2.33 times (P < 0.005). However, L. plantarum L-
211, unlike L. plantarum or B. subtilis, did not affect the Fusobacteria or Enterobacteriaceae counts. 
Also, L. plantarum L-211 was not effective against pasteurella and actinomycetes which, on the contra-
ry, increased in number 1.33- and 2.75-fold (P < 0.005) as compared to the control. The lysine-
producing probiotic strain resulted in the highest average live weight in broilers at day 35 and the high-
est average daily weigh gain (5.01 % and 5.14 %, respectively). L. plantarum L-211 also led to the 
lowest availability of lysine in the diet. 

 

Keywords: lysine, gut microflora, broilers, bacterial community, T-RFLP, probiotics, Lac-
tobacillus plantarum, productivity, broiler chicken survival rates, feed conversion ratio 

 

Ensuring high productivity in commercial poultry farming necessitates 
feeds which are balanced in all nutrients. Lysine, the essential limiting amino 
acid, is of particular importance. In vegetable feeds, its content is low and often 
not enough for animal and poultry diets, especially those with predominating 
cereals, sunflower meal and a small fraction (1-2 %) of ingredients of animal 
origin. In rations of wheat-barley and corn-sunflower type, the deficit of lysine 
can reach 15-20 %. Therefore, dietary synthetic lysine [1-3] is widely used for 
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balancing. 
It is known that the introduction of synthetic amino acids in the diet 

must be limited because of their rapid absorption into the blood, as compared to 
amino acids of plant and animal origin metabolized in digestion, which leads to 
an imbalance of amino acids in the body and negatively affects productivity. 
Synthetic lysine monochlorohydrate leads to an excess of chlorine in combined 
feed and, as a consequence, to its imbalance, which also negatively affects 
productivity [4]. 

At present, feed additives based on bacteria that produce amino acids 
and other essential substances are used worldwide in poultry farming [5-7]. 
When studying the effect of the domestic bacterial preparation Prolisar-BioR, 
the efficiency of replacing synthetic lysine with its producer, thr strain Escherich-
ia coli [8-10] was found. However, E. coli belongs to conditionally pathogenic 
microflora of the gastrointestinal tract and is a causative agent of colibacillosis in 
chickens when immunity is weakened [11-13].  Despite the fact that in our stud-
ies of lysine-producing non-pathogenic E. coli strain there were no cases of coli-
bacillosis [14], searching for lysine producers of non-pathogenic microflora, e.g.  
lactobacilli, remains relevant.  

The strain Lactobacillus plantarum L-211 was identified by analysis of 
16S rRNA gene with a homology of 99 %. Phenotypically, strain L. plantarum 
L-211 is a small non spore-forming mesophilic facultative anaerobic gram-
positive rod-like bacterium. According to biochemical signs, the microorganism 
is unable to metabolize glucose to CO2 and to produce hydrogen sulphide and 
indole, is catalase negative, gelatin thinning, possessing nitrate reductase activity, 
reducing litmus milk, hydrolyzing L-arginine and fermenting most carbohy-
drates. Technologically, L. plantarum L-211 is characterized by acid formation of 
80 Т in 24 hours, the limit of acid formation is 140 Т (7 days). The microorgan-
ism does not decarboxylate amino acids, therefore, the biogenic amines, hista-
mine, tyramine, putrescine, cadaverine, are not forming. In mineral media, L. plan-
tarum L-211 is capable of producing 148.4±4.45 mg/l lysine [14]. 

In this paper, we have shown for the first time the possibility to optimize 
the microflora of the gastrointestinal tract of the birds and their providing with 
amino acids, including lysine, using a L. plantarum L-211 based biological. 

Our objective was to study the influence of the lysine producer L. planta-
rum L-211 on intestine bacterial community and productivity in broiler chickens. 

Technique. Cobb 500 broilers (Gallus gallus L.) were divided into four 
groups, 35 heads each, and examined during day 1 to day 35 period of life in the 
vivarium FGUP Zagorskoye EPH VNITIP (Moscow Province). Chicks of the 
group I (control) were fed with combined feed balanced for all nutrients (basic 
diet, BD) as per the norms [1]. The bird in group II received the BD supple-
mented with a L. plantarum L-211 probiotic at a daily rate of 1 ml per head 
(OOO Bioreactor, Moscow), in group III the BD was supplemented with a de-
veloped domestic preparation based on L. plantarum at a daily rate of 1 ml per 
head dosage, in group IV a domestic probiotic additive based on Bacillus subtilis 
was used at a daily rate of 2 ml per head. In the preparations, the counts of liv-
ing microorganisms were 100 million CFU/ml. The chickens were kept in Avi-
Max cage batteries (Big Dutchman International GmbH, Germany) according 
to the technological parameters of VNITIP without separation by sex. 

During the experiment, the main zootechnical indicators were recorded, 
i.e. live weight at 7-, 14-, 21-, 28-day-old age and by the end of experiment in 
individual weighing, survivability, daily weight gain, feed consumption and feed 
costs per 1 kg of live weight gain. In the physiological balance experiment on 35-
day-old broilers, the digestibility of proteins, fat, the use of nitrogen, calcium, 
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phosphorus, the availability of methionine and lysine were determined [15, 16].  
For molecular genetic studies, the cecum contents were collected at 

slaughtering on day 35 with strict sterility according to the requirements [16]. 
The composition of cecum bacterial community was examined by T-RFLP 
(terminal restriction fragment length polymorphism) method [17, 18]. Total 
DNA for T-RFLP analysis was isolated using the Genomic DNA Purification 
Kit (Fermentas, Inc., Lithuania) according to the manufacturer's protocol. PCR 
was performed on a Verity DNA amplifier (Life Technologies, Inc., USA) with 
eubacterial primers 63F (CAGGCCTAACACATGCAAGTC) labeled at the 5'-
end (WellFed D4 fluorophore, Beckman Coulter, Inc., USA) and 1492R 
(TACGGHTACCTTGTTACGACTT). Labeled amplicons of 16S rRNA gene 
DNA was purified by a standard procedure [18]. The resulting amplicons (30-50 
ng) were restricted with HaeIII, HhaI and MspI endonucleases as per the manu-
facturer's recommendations (Fermentas, Inc., Lithuania). The restricts were exam-
ined using genetic analysis system CEQ™ 8000 (Beckman Coulter Inc., USA) ac-
cording by the manufacturer's protocol. For phylogenetic affiliation, Fragment 
Sorter program (http://www.oardc.ohiostate.edu/trflpfragsort/index.php) was used. 

For statistical processing, the variance analysis was performed in Mi-
crosoft Excel 2010. Mean (X) and mean errors (x) were calculated. Differences 
with the control were considered significant at P < 0.05; P < 0.01 and P < 0.005. 

Results. Chicks were fed manually with dry feeds in full according to the 
norms of VNITIP for the cross (Table 1). 

1. Composition of experimental combined feeds (base ration) for growing Cobb 500 
broilers  

Ingredient, % Days 1-21 Days 22-35 
Wheat 42.57 55.20 
Corn 10.00 0 
Sunflower fodder cake (protein content 34%) 9.86 7.18 
Soybean oil 2.65 5.00 
Choline chloride  0.07 0.07 
Soy fatty fodder (protein content 34%) 25.00 23.94 
Fish meal fodder (protein content 65%) 7.00 6.00 
Methionine fodder (not less than 99%) 0.27 0.23 
Lysine fodder (not less than 78%) 0.41 0.27 
Monocalcium phosphate  0.47 0.59 
Lime 1.36 1.13 
NaCl 0.24 0.29 
Premix (VNITIP, Russia) 0.10 0.10 
Total per 100 g combined feed, %: 

dry matter 86.45 84.30 
metabolic energy, kcal 310 320 
crude protein 22.50 21.00 
lipids 9.82 11.46 
linoleic acid 4.68 5.52 
crude cellulose 5.05 4.63 
lysin 1.45 1.25 
methionine 0.66 0.58 
methionine + cystine 0.99 0.89 
threonine 0.80 0.74 
tryptophan 0.26 0.25 
Са 1.00 0.89 
Р 0.68 0.67 
Р digestible 0.39 0.39 
Na 0.20 0.20 
К 0.72 0.69 
Cl 0.34 0.33 
choline 0.05 0.05 

 

T-RFLP analysis showed (Table 2) that the microorganisms of five phy-
la, i.e. Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria and Fusobacteria, 
were identified in all groups, which was in line with our previous findings on 
cecum microbiome [19-21]. The representatives of phylum Firmicutes predomi-
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nated, mainly cellulolytic and amylolytic bacteria of class Clostridia (families 
Ruminococcaceae, Eubacteriaceae, Lachnospiraceae, Clostridiaceae, etc.), acid 
utilizing bacteria of order Negativicutes, and families Bacillaceae and Lactobacil-
laceae. Bacteria of other phyla were less abundant.  

Among conditionally pathogenic and pathogenic microorganisms, we 
found families Campylobacteriaceae, Enterobacteriaceae, Pasterellaceae, Actinobac-
teriaceae, phylum Fusobacteria, and the genera Peptococcus and Staphylococcus. 

2. The bacterial taxa (%) in cecum of 35 day old Cobb 500 broilers fed with domes-
tic dietary probiotics (Х±х, vivarium FGUP Zagorskoye EPH VNITIP, Mos-
cow Province) 

Taxon  
Group I (con-
trol, n = 3) 

Group II  
(n = 3) 

Group III  
(n = 3) 

Group IV  
(n = 3) 

Phylum Bacteroidetes 2.04±0.10 3.01±0.12** 2.76±0.14* 2.65±0.10* 
Phylum Firmicutes 53.71±2.43 60.17±2.84 43.28±2.11* 63.80±3.01 

class Clostridia 31.14±1.15 35.08±1.26 21.74±1.01** 40.14±1.98* 
genus  Peptococcus 2.36±0.14 1.75±0.05* 1.27±0.07** 1.94±0.08 
genus  Lactobacillus 1.72±0.08 6.63±0.31*** 11.00±0.49*** 10.60±0.60*** 
genus  Bacillus 10.60±0.43 6.45±0.23** 4.40±0.21*** 3.34±0.14*** 
genus  Staphylococcus 0.67±0.23 0.46±0.21 0.38±0.14 0.26±0.11 
order Negativicutes 7.22±0.29 9.80±0.42* 4.49±0.19** 7.52±0.39 

Phylum Actinobacteria 2.82±0.13 7.76±0.30*** 2.43±0.12 6.11±0.30*** 
семейство Bifidobacteriaceae 0.12±0.01 Brd 0.07±0.01* 0.04±0.01** 

Phylum Proteobacteria 29.29±1.14 13.40±0.59** 25.47±1.02 15.06±0.62*** 
family Enterobacteriaceae 14.10±0.65 6.04±0.29*** 15.70±0.78 1.07±0.04*** 
family Сampylobacteriaceae 2.08±0.09 2.23±0.06 1.92±0.08 1.47±0.06** 
family Pseudomonadaceae 9.43±0.58 1.71±0.05*** 5.12±0.09** 8.12±0.27 
family Pasteurellaceae 1.32±0.22 1.76±0.11 1.46±0.12 2.46±0.42 

Phylum Fusobacteria 2.58±0.14 2.52±0.12 1.56±0.10** 2.18±0.17 
Unclassified  sequences 9.56±0.59 13.05±0.65 24.50±1.21*** 10.20±0.52 
N o t e. In the groups II, III and IV, the Lactobacillus plantarum L-211, L. plantarum and Bacillus subtilis probiot-
ics, respectively, were added to the basic (control) diet (for more details, see the Technique section). Brd — below 
reliable determination by T-RFLP  
*, **, *** Differences with control are statistically significant at P < 0.05, respectively; P < 0.01 and P < 0.005. 

 

We found that the introduction of live probiotic bacteria into the diet of 
broilers led to a change in the number of identified taxa in cecum, which had 
similar tendencies for birds from experimental groups. Thus, in chickens, fed with 
probiotics, the proportion of genus Lactobacillus bacteria, which, as a rule, exhibits 
significant antagonistic properties against pathogenic species due to the synthesis 
of antimicrobial compounds [22, 23], increased 3.88 (P < 0.005), 6.40 (P < 0.005) 
and 6.12 times (P < 0.005) for groups II, III and IV, respectively, compared to 
control. The counts of other bacteria with similar activity against pathogens, the 
bacilli, decreased 1.13 (P < 0.01), 1.43 (P < 0.005) and 1.29 times (P < 0.005), 
respectively. In addition, in these groups, the bacteria of Bacteroidetes phylum 
involved in fermentation of carbohydrates due to amylolytic and cellulolytic ac-
tivity, increased 1.48 (P < 0.01), 1.35 P < 0.05) and 1.30 times (P < 0.05), re-
spectively, compared to control.  

However, the effect of the preparations studied was not the same for 
bacteria of class Clostridia with amylo- and cellulolytic properties. Additives of 
the lysine producer L. plantarum L-211 and B. subtilis contributed to a 1.13-fold  
and 1.29-fold (P < 0.05) increase in the proportion of bacteria from the Clostrid-
ia class, respectively, whereas feeding with L. plantarum, not producing lysine, 
on the contrary, reduced this index 1.43 times (P < 0.01) compared to control. 
The effect of the L. plantarum L-211 preparation against Clostridia members is 
consistent with the data of foreign authors who showed that the lack of lysine in 
the diets reduces the number of genus Eubacterium in the cecum [24].  

A similar trend was noted for acid utilizing bacteria of the order Nega-
tivicutes. Dietary lysine producer contributed their 1.36-fold increase (P < 0.05), 
whereas lactobacillus not synthesizing lysine caused a 1.61-fold decrease (P < 0.01) 
compared to control. 
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It should be noted that the additives contributed to a decrease in the 
number of pathogens in the cecum. All additives affected the proportion of 
pathogens causing purulent-necrotic infections. Counts of peptococci decreased 
1.35 (P < 0.05), 1.86 (P < 0.01) and 1.22 times, of staphylococci was 1.46, 1.76 
and 2.58 times lower in groups II, III and IV, respectively. Additionally, the ly-
sine producer 2.33 times (P < 0.005) reduced the counts of enterobacteria, the 
causative agent of gastroenteritis. The B. subtilis proved its effectiveness against 
enterobacteria and campylobacteria, the causative agents of gastroenteritis, and 
fusobacteria, the causative agents of purulent-necrotic infections in animals and 
birds), resulting in a 13.17 (P < 0.005), 1.41 (P < 0.01) and 1.18 times decrease, 
respectively. Lactobacilli not synthesizing lysine, were effective against fusobac-
teria decreasing their counts 1.65 times (P < 0.01). 

On the other hand, no effect of probiotics was observed against some 
pathogens. In groups II and IV there was a tendency to 1.33- and 1.76-fold in-
crease, respectively, for pasteurellas which cause respiratory infections in chicks, 
and a 2.75-fold (P < 0.005) and 2.16-fold (P < 0.005) increase for undesirable 
actinomycetes of which some can cause actinomycosis.  

Interestingly, in use of probiotics, the counts of Pseudomonadaceae rep-
resentatives, which belong to transit microorganisms entering the body with 
food, decreased in cecum 5.51 (P < 0.005), 1.84 (P < 0.01) and 1.16 times, and 
of unidentified taxa increased 1.25, 2.18 (P < 0.005) and 1.08 times in groups II, 
III and IV, respectively.   

3. Main zootechnical indices in 35 day old Cobb 500 broilers fed with domestic die-
tary probiotics (Х±х, vivarium FGUP "Zagorskoye EPH VNITIP", Moscow 
Province) 

Indices Group I 
(control, n = 3) 

Group II  
(n = 3) 

Group III  
(n = 3) 

Group IV  
(n = 3) 

Stock preservation, % 97.1 94,3 100 97,1 
Live bodyweight, g:      

on day 1  40.0±1.98 40,0±2,18 40,00±2,14 40,00±1,16 
on day 7  120.22±2.88 112,22±3,25 117,44±2,77 114,22±2,84 
on day 14  323.21±7.90 315,24±7,54 323,45±8,39 309,63±8,50 
on day 21  708.42±13.72 668,42±14,44 698,16±14,95 671,58±14,35 
on day 28  1128.0±36.89 1054,57±22,2 1110,14±38,30 1142,57±26,60 
on day 35  1697.65±39.27 1739,68±33,17 1691,33±32,38 1687,20±39,85 

including males  1882.50±38.97 1947,0±42,84 1900,0±26,42 1927,501±37,17 
including females  1533.34±32.98 1640,95±23,06* 1587,0±22,74 1574,2±26,86 

mean 1707.92±35.16 1793,5±33,19 1743,5±25,81 1750,85±31,45 
Feed conversion rate per broiler, kg 2.748 2,779 2,681 2,635 
Food consumption per kg of weight 
gain, kg 

1.657 1,635 1,624 1,599 

Average daily weight gain, g 49.05 51,57 50,10 50,32 
N o t e. In the groups II, III and IV, probiotic preparations were added to the main (control) diet on the basis of 
Lactobacillus plantarum L-211, L. plantarum and Bacillus subtilis, respectively (for more details, see the Technique 
section).  
* Differences with control are statistically significant at P < 0.05. 

  

The poultry viability (Table 3) varied, with a difference of 3.7 %, de-
pending on the probiotic used and was greatest in group III, where it was 2.9 % 
higher than in control and in group IV, and 5.7 % higher than in group II. The 
dynamics of live weight also differed depending on the group. Up to day 28 the 
control broilers had the largest live weight, on day 35 those of group II fed with 
dietary lysine producer L. plantarum L-211 was superior to other to other 
groups. The average live weight of the chickens of group II was 5.01 % higher 
compared to control, the males exceeded the control counterparts in live weight 
by 3.4 %, and the females exceeded by 7.0% (P < 0.05). Feed costs per 1 kg of 
live weight gain in group II decreased and was 1.635 kg vs. 1.657 kg in the con-
trol. Probably, the lower zootechnical indices for live weight in chickens from 
group II during the first growing period are associated with the use of the dietary 



 

387 

probiotic when lysine level in the diet was normative, which requires additional 
studies on its dosage. 

It is necessary to note a slight lag in the live weight in group III, receiv-
ing L. plantarum, compared to control which was observed during the first peri-
od of fattening and was mainly due to the large number of females in the group. 
In the second period, the average live weight of broilers in group III exceeded 
the indicator in control by 2.08 % (by 0.93 and 3.50 % for males and females, 
respectively). At that, the feed costs per 1 kg of the live weight gain were below 
the control by 1.99 %.  

In group IV with dietary B. subtilis the growth rate of the chicks on day 
28 was higher, they were superior to group I in live weight with the control val-
ues exceeded by 1.30 % on day 28, and by 2.51 % to the end of fattening. Die-
tary B. subtilis probiotic also allowed to obtain the lowest feed costs per 1 kg of 
live weight gain, i.e. 1,599 kg vs. 1.657 kg in group I. 

The results of physiological (balance) experiment (Table 4) were general-
ly consistent with productivity. Thus, in all experimental groups the digestibility 
of the dry matter and the nutrients tended to decrease compared to control. We 
noted a lower digestibility of proteins, dry matter, fat and the use of nitrogen in 
chicks from groups II-IV, which indicates the need to adjust the way of applica-
tion and dosage of probiotics (for example, use the intermittent supply with wa-
ter). Note that not synthesizing lysine strain L. plantarum contributed to an in-
crease in digestibility of cellulose by 0.5 % compared to control. 

Higher availability of lysine was noted in chickens from groups III and 
IV who received bacteria not capable of producing lysine (93.8 % and 94.4 % vs 
92.8% in control). 

4. Use of feed nutrients in 35-day old Cobb 500 broilers fed with dietary probiotics 
(Х±х, vivarium FGUP "Zagorskoye EPH VNITIP", Moscow Province) 

Indices Group I 
(control, n = 3) 

Group II  
(n = 3) 

Group III  
(n = 3) 

Group IV  
(n = 3) 

Digestibility, %:     
proteins  94.7±1.12 92.20±1.32 93.90±0.98 93.10±1.19 
dry matter  73.7±1.26 67.00±0.67 71.00±1.24 69.60±1.14 
lipids  83.2±1.01 80.20±1.85 81.30±2.13 80.10±0.95 
cellulose  29.5±1.14 21.00±0.96 30.00±1.43 24.40±1.32 

Metabolized elements, %:     
nitrogen 66.7±1.16 61.30±2.01 61.70±1.95 60.00±1.39 
calcium 48.0±2.14 49.30±1.56 48.60±1.04 47.70±1.54 
phosphorus 44.9±1.75 47.90±1.22 44.50±2.01 42.80±1.95 

Availability, %:     
lysine 92.8±1.13 90.10±0.95 93.80±0.68 94.40±1.16 
methionine 84.1±1.05 80.10±1.65 77.10±1.25 78.80±1.82 

N o t e. In the groups II, III and IV, probiotic preparations were added to the main (control) diet on the basis of 
Lactobacillus plantarum L-211, L. plantarum and Bacillus subtilis, respectively (for more details, see the Technique 
section).  

 

Thus, the use of dietary L. plantarum L-211 had a pronounced effect on 
the cecum bacterial community. Unlike the two other bacterial probiotics stud-
ied, the L. plantarum L-211 promotes a simultaneous increase in of cellulolytic 
and amylolytic Clostridia and Negativicutes bacteria. In addition, it has probiotic 
activity, affecting positively the number of lactobacilli and reducing opportunistic 
and pathogenic microflora including peptococci, staphylococci, and enterobacte-
ria. It should be noted that dietary L. plantarum L-211 did not reduce the num-
ber of fusobacteria which were suppressed by the lactobacilli non synthesizing 
lysine, and campylobacteria which were suppressed by dietary B. subtilis. Never-
theless, the probiotics were not effective against some pathogens, and, moreover, 
L. plantarum L-211 resulted in an increase in pasteurellas and actinomycetes 
compared to control.  

So, our studies have confirmed the possibility of using a probiotic strain 
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Lactobacillus plantarum L-211 to improve the productivity of broilers. This die-
tary additive showed the best results for the average live weight on day 35 and 
the average daily weight gain. In the poultry receiving probiotics that do not 
have the ability to synthesize lysine, the availability of lysine was higher. The 
effect of the probiotics studied on cecum composition of pathogenic, opportun-
istic, transit microorganisms and actinomycetes differes depending on the bacte-
rial preparation and the growing period, which indicates the reserves of increas-
ing effectiveness of probiotic supplements by adjusting the regimens and the dos-
es of their introduction into the diet. 
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