
Electronic Journal of Polish Agricultural Universities (EJPAU) founded by all Polish Agriculture Universities presents original papers and review 
articles relevant to all aspects of agricultural sciences. It is target for persons working both in science and industry, regulatory agencies or 
teaching in agricultural sector. Covered by IFIS Publishing (Food Science and Technology Abstracts), ELSEVIER Science - Food Science and 
Technology Program, CAS USA (Chemical Abstracts), CABI Publishing UK and ALPSP (Association of Learned and Professional Society 
Publisher - full membership). Presented in the Master List of Thomson ISI. 

 

 

ELECTRONIC  
JOURNAL  
OF POLISH  
AGRICULTURAL  
UNIVERSITIES  

2011 
Volume 14 

Issue 4 
Topic 

FOOD SCIENCE 
AND TECHNOLOGY 

 

Copyright © Wydawnictwo Uniwersytetu Przyrodniczego we Wrocławiu, ISSN 1505-0297 
OSTASIEWICZ A., CEGLIŃSKA A., BARTOCHOWSKA K., 2011. THE EFECT OF APPLICATION OF CHOSEN 
LACTOBACILLI STRAINS AS STARTER CULTURES ON RYE BREAD QUALITY, EJPAU, 14(4), #16.  

Available Online http://www.ejpau.media.pl 
 
 

THE EFECT OF APPLICATION OF CHOSEN LACTOBACILLI 
STRAINS AS STARTER CULTURES ON RYE BREAD QUALITY 

A. Ostasiewicz, A. Ceglińska, K. Bartochowska  
Department of Food Technology, Division of Cereal Technology,  

Warsaw University of Life Science, Poland 

ABSTRACT 

The research dealt with the evaluation of the influence of selected lactic acid bacteria belong to Lactobacillus genus on rye bread 
quality. The 720 type rye flour served for preparing the leaven with 300% efficiency. Lactic acid bacteria Lactobacillus 
plantarum, Lactobacillus brevis, and Lactobacillus sanfranciscensis were added into the leaven at the various amounts of 1, 2, 3 
cm3and then they were subject to fermentation for 24 and 48 h. The control sample (0) was composed of spontaneously 
fermenting leaven. Sourdough and subsequently dough was made of the leaven. Lactic acid bacteria, acetic acid bacteria, and 
yeast counts were determined in the dough. Produced breads were subject to sensory assessment by means of evaluating the 
following physicochemical features: 100 g bread volume, acidity and hardness of bread crumb, as well as baking loss was 
calculated. Enriching the sourdough with starter cultures affected the increase of lactic and acetic bacteria as well as yeast counts 
in the dough made using sourdough fermenting for 24 hours, regardless of the quantity and type of a culture applied. The largest 
bread volume recalculated onto 100 g was achieved when Lactobacillus plantarum NCAIMB.01149 strain was added into 
shorter-fermenting sourdough as well as after application of Lactobacillus brevis  Lb2 strain for longer-fermenting sourdough. 
Compared to the control, those breads had also lower baking loss. The increase of bread crumb acidity was mostly influenced on 
by the addition of Lactobacillus brevis  Lb2 and Lactobacillus sanfranciscensis Lb9 strains, after sourdough fermentation lasting 
both 24 and 48 hours. Breads containing these cultures achieved also the largest sum of scores in sensory assessment testing. 
Applied bacterial strains had no remarkable effects on bread crumb hardness. Worse crumb hardness was shown by breads 
produced from short-fermenting sourdough. 
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INTRODUCTION 

The rye bread production resulting from a spontaneous fermentation of a sourdough has been known for thousands 
years [5]. Rye dough fermentation process consists of many stages that often have a common name "sourdough". 
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Therefore, the sourdough is the intermediate product containing active microorganisms, due to which the 
fermentation can occur [22]. Assuring the appropriate conditions to reproduce microflora beneficial for bread 
production is a prerequisite at every step of fermentation process, i.e. duration and temperature of fermentation, 
phase efficiency, and flour properties. The microflora is composed of symbiotic set of lactic acid fermentation 
bacteria and yeasts [5, 7, 9, 23]. Replacing the natural microorganisms with starter cultures makes fermentation 
reproducibility and stability reliable, because starter cultures are lactic acid bacteria and/or yeast populations 
selected from natural sourdough and having strict quantitative and qualitative composition and properties. There are 
following types of starter cultures: monocultures of homofermentative and heterofermentative lactic acid bacteria, 
most frequently from Lactobacillus, Leuconostoc, Pediococcus and Weissella genera, as well as conjugated lactic 
acid bacteria and yeast cultures, mainly of Saccharomyces genus [3, 10, 22, 38]. Presence of lactic acid bacteria is 
beneficial for technology and nutrition, as well as it influences on the bread quality[1, 2, 23, 35]. Acids produced by 
lactic acid bacteria (acetic, lactic, hydroxyacetic, formic, and pyruvic) along with other metabolic products (amino 
acids)affect the improved rheological features of a dough, hence it is more plastic, can be broken into parts more 
readily, and shows better oven spring feature. Furthermore, those products influence on better bread volume, texture, 
and flavor; they also delay the mould and bacterial spoilage processes [22, 36]. 

The present study aims was to evaluate the influence of chosen species of lactic acid fermentation bacteria from 
Lactobacillus genus (Lb. plantarum, Lb. brevis, and Lb. sanfranciscensis) on microflora in rye dough and rye bread 
quality. 

MATERIALS AND METHODS 

The 720 type rye flour purchased in one of mills (Polish Mills), instant dry yeast purchased in a local supermarket, 
and strains of lactic acid bacteria (LAB) applied as starter cultures for sourdough fermentation, such as: 
Lactobacillus plantarum NCAIMB.01149, Lactobacillus brevis Lb2, and Lactobacillus sanfranciscensis Lb9 
originating from Division of Milk Biotechnology of Warsaw University of Life Science, were used to prepare dough 
for baking breads. 

Physicochemical properties of rye flour. The assessment of physicochemical traits of 720 type rye flour included 
moisture content [12], titratable acidity [27], total protein content [28], falling number [33], and flour amylolytic 
properties [34], applying techniques and methods included in Polish Norms. 

Preparation of LAB cultures. Under septic conditions, aliquots of 0.1 g of the following starter cultures were 
added into tubes containing 10 ml of MRS (Merck, Germany) broth: Lactobacillus plantarum NCAIMB.01149, 
Lactobacillus brevis Lb2, and Lactobacillus sanfranciscensis Lb9. Samples were stirred to dissolve solids and 
placed at the temperature optimum for a given inoculum (30oC) for 24 hours. After that period, cultures were stirred 
and 1 ml of sterile suspension was re-inoculated into tube filled with 9 ml of MRS broth. The biomass was 
concentrated 15 times up to 10 ml of volume in centrifuge MPW-350R at 4000 rpm for 6 minutes. Such prepared 
cultures were added into the leaven at the amounts of 1, 2, and 3 ml. 
Bread baking procedure. The dough for baking was made in three steps (leaven – I, sourdough – II, and dough – 
III). Leaven was prepared using 100 g of rye flour and 200 g tap water. Lactic acid bacteria cultures were added into 
leavens at the amounts of 1, 2, and 3 ml. The control (0) was composed of spontaneously fermented, no bacteria-
added leaven. The sourdough was made of fermented leavens with flour and water addition according to the recipe. 
After the sourdough fermentation complete (3 hours), the dough was prepared by mixing it with flour, water, dry 
yeasts, and salt (1.5% and 2.5% respectively referring to flour weight) and mixed for 4 minutes achieving dough 
with 170% efficiency. The dough fermented for another 30 minutes at 30ºC, then it was broken into parts of 350 g 
each and transferred into molds. Such divided dough fragments grew within fermentation chamber for 1 h at 30ºC 
and 75% moisture content, and subsequently bread was baked in electric oven (Sveba Dahlen, Sweden) at 240ºC for 
35 minutes. 
Microbiological analysis. Microbiological dilutions were made by taking 1 g of dough and placing into sterile foil 
bags. Then the sample was immersed in 9 ml of peptone solution (BTL, Poland) and homogenized for 60 seconds in 
homogenizer (Seward Stomacher 80, USA). Thus, 10-1 dilution was achieved. In order to get other dilutions, aliquot 
of 1 ml working dilution was transferred into sterile tubes containing 9 ml of peptone solution. Each time, tubes 
were thoroughly shaken to achieve homogenous solution [31].  

Determination of LAB count in a dough was made by means of droplet method. Petri plates with MRS–Agar 
substrate (Merck, Germany)were divided into quarters and 20 µl of the dilution was poured out onto each one. 
Plates were incubated in anaerobiosis at 30ºC for 3 days. Determination of yeast and mould cells count was made by 
means of the deep-seated inoculation method. Volume of 1 ml of each dilution was transferred onto Petri plates and 
flooded with YGC–Agar substrate (Merck, Germany). Plates were then incubated at 25ºC for 5 days. The count of 
acetic acid bacteria was determined applying deep-seated method. Aliquots of 1 ml of each dilution were added to a 
substrate containing yeast extract and ethanol. Petri plates were incubated at 30ºC for 3 days. After incubation, 



grown colonies counts were recalculated onto the logarithm of bacterial and yeast cell colony forming units 
(log10cfu g-1). All determinations were performed in two parallel replicates. 

Physicochemical analysis of breads. The evaluation of physicochemical properties of produced bread was carried 
out 20 hours after the baking. The bread baking loss value was calculated as a difference between weight of the 
dough part before baking and bread weight when taken out of the oven. Bread volume was calculated with a help of 
loose materials (rapeseed grains) with subsequent recalculation onto the volume of 100 g baked bread. Bread crumb 
acidity as total titratable acidity (TTA) was determined by titration with 0.1 N NaOH and expressed in terms of 
milliliters of NaOH. The crumb hardness was measured as a maximum press force (N) using texture analyzer 
TA.XT2 (Stable Micro Systems, UK) according to the manual [18]. Measurements were made in two replicates. 

Organoleptic evaluation. The sensory assessment of bread at 20 h after baking was made by qualified group of 
persons. The external properties of bread (volume, shape, crust color and thickness) and internal properties 
(elasticity and porosity of the crumb), as well as taste and flavor were subject to evaluation. The sensory traits were 
ranked to classify produced breads to particular bakery quality groups [32]. 

Statistical analysis. Achieved results were statistically processed with a help of Statgraphics Plus 4.1 software. 
One-way ANOVA variance analysis was performed. Significant statistical differences between mean values 
depending on the effects of various factors, were verified applying Tukey HSD test. 

RESULTS AND DISCUSSION 

Analysis of physicochemical traits of 720 type rye flour revealed that it was characterized by quite good rheological 
properties. Table 1 presents results illustrating the quality of 720 type rye flour used in the experiments. 

Table 1. Quality characteristics of the rye flour type 720, mean ± S.D. 

Properties Mean ± S.D. 

Moisture content, % 13,3 ± 0,08 

Titratable acidity, acidity degree 3,51 ± 0,01 

Protein content, % 7,80 ± 0,47 

Falling number, s 202 ± 0,58 

Maximum viscosity of gelatinized 
slurry, UA 390 ± 0,01 

S.D. – standard deviation 

Moisture content and acidity of examined flour were consistent with recommendations of Polish Norms [29], hence 
they were suitable to produce rye bread products in industrial bakeries. Protein content in studied flour was 7.80%, 
which was similar to the rye flour applied in experiments performed by Michalska et al. [21]. Despite of lower 
contents of proteins in rye rather than wheat flour, plays an important role in shaping the technological properties of 
dough and bakery. Usefulness of the rye flour for bread production is determined by properties of starch contained 
such as ability to gelatinization and susceptibility to amylolytic enzymes action. Amylolytic activity of examined 
flour was moderate, which was indicated by falling number value (202 s).Falling number apparatus measures the 
time it takes a plunger to move through the viscous gelatinized slurry. The longer it takes, the more viscous the 
slurry is and the less damaged starch present in the sample [36]. During sourdough baking, low values of the falling 
number are preferred, because high amylolytic activity ensures a strong and rapid start for fermentation and also 
improves a characteristic flavor [39]. Other researchers used rye flour type 720, which has lower value of the falling 
number (173 s) [24] or higher (302 s) [6].Viscosity of gelatinized water suspension of the flour was 390 (UA), 
which can also confirm moderate amylolytic activity of studied rye flour. 

Table 2 lists data on quantitative composition of microflora in the dough (lactic and acetic acid bacteria, yeasts) 
produced of the leaven fermenting for 24 and 48 h, and enriched with lactic acid bacteria at three different rates. 

  



Table 2. The influence of the time of carring out of leaven and quantity of starter cultures applied on sourdough microflora,  
mean ± SD 

Sample Fermentation time 
[h] 

Quantity  
of starter cultures 

[ml] 

Count of microflora 
[log10 cfu g -1] 

LAB Acetic bacteria Yeast 

A 

24 

1 8,72 ± 0,09 8,47 ± 0,12 7,60 ± 0,14 

2 8,42 ± 0,17 8,40 ± 0,13 7,74 ± 0,04 

3 8,09 ± 0,29 8,41 ± 0,04 7,66 ± 0,05 

48 

1 8,36 ± 0,26 n.g. 7,65 ± 0,01 

2 7,30 ± 0,00 n.g. 7,54 ± 0,10 

3 8,07 ± 0,09 n.g. 7,50 ± 0,07 

B 

24 

1 8,72 ± 0,34 8,46 ± 0,04 7,72 ± 0,01 

2 8,54 ± 0,00 8,68 ± 0,03 7,72 ± 0,08 

3 8,53 ± 0,18 8,64 ± 0,03 7,75 ± 0,03 

48 

1 8,51 ± 0,05 8,58 ± 0,05 7,78 ± 0,01 

2 8,93 ± 0,07 8,60 ± 0,01 7,88 ± 0,01 

3 8,70 ± 0,06 8,74 ± 0,06 7,82 ± 0,02 

C 

24 

1 8,85 ± 0,43 8,37 ± 0,10 7,51 ± 0,03 

2 9,15 ± 0,31 8,80 ± 0,14 7,74 ± 0,01 

3 8,74 ± 0,06 8,67 ± 0,01 7,59 ± 0,05 

48 

1 8,67 ± 0,10 8,53 ± 0,21 7,74 ± 0,02 

2 8,11 ± 0,29 8,35 ± 0,07 7,74 ± 0,06 

3 8,60 ± 0,00 8,47 ± 0,05 7,59 ± 0,10 

Control 
24 0 7,89 ± 0,18 8,03 ± 0,03 7,41 ± 0,05 

48 0 8,64 ± 0,31 8,61 ± 0,05 7,73 ± 0,04 

A – Lb. plantarum NCAIMB.01149 
B – Lb. brevis Lb2 
C – Lb. sanfranciscensis Lb9 
n.g. – no growth detected 

The LAB count in the dough amended with starter cultures and made using the leaven fermenting for 24 h amounted 
from 8.1 to 9.1 log cfu/g, which was higher than in control sample (7.9 log cfu/g). Number of these bacterial cells in 
the leaven fermenting for 48 h was more diverse and oscillated within 7.3 to 8.9 log cfu/g. Yeast cell count in all 
sorts of dough was similar: from 7.41 to 7.88 log cfu/g. Gül et al. [10] reported that LAB cells count in experimental 
dough types ranged from 5.28 to 9.66 log cfu/g, while yeast cell number from 6.33 to 9.96 log cfu/g. It was also 
observed that LAB cells count was by 1 or 2 logarithmic orders higher than yeast cells number. It is consistent with 
literature data indicating that properly soured leavens should contain the yeast to LAB ratio as 1:10 or 1:100 [3,11]. 
Dough prepared of the leaven fermenting for 24 h and enriched with Lb. plantarum NCAIMB.01149 bacteria 
contained more LAB, acetic acid, and yeast cells as compared to that functioning as a control. Number of yeast cells 
was lower in the dough amended with the same bacterial species, but after longer leaven fermentation (48 h) than in 
the control. 

In the dough enriched with Lb. plantarum NCAIMB.01149 culture, the leaven fermentation duration (24 h or 48 h) 
had no influence on mould presence, because some Lb. plantarum strains produce antifungal agents such as 
phenyllacetic, 4-hydroxy-phenyllacetic acids, and two cyclic dipeptides (cyclo L-Leu-Pro and cyclo L-Phe-trans-
4OH-L-Pro), that are efficient in inhibiting the mould development[4, 17]. 

Presence of acetic acid bacterial cells was not detected in the dough made of the leaven fermenting for 48 h and 
amended with Lb. plantarum NCAIMB.01149.Adding Lb. plantarum into the leaven may inhibit the acetic acid 



bacteria development in a dough. Studies made by Katina et al. [15] reported that larger amounts of Lb. plantarum 
in a dough also effectively inhibited development of bacteria from Bacillus genus, especially Bacillus subtilis. 
Similar results were also achieved by Şimşek et al. [37]. They reported that the species addition had inhibitive action 
towards Escherichia coli and Staphylococcus aureus bacteria growth. 

The LAB count in the dough with Lb. brevisLb2addition remained at comparable level (8.5–8.9 log cfu/g) both at 
different doses of the starter culture, and various durations of the leaven fermentation. The quantity of added 
bacterial cultures along with the leaven fermentation duration had no remarkable impact on yeast cells number in the 
dough with Lb. brevis Lb2 addition (7.7–7.9 log cfu/g). 

Number of acetic acid bacteria also remained at similar levels (8.5–8.7 log cfu/g) regardless of the amount of added 
Lb. brevisLb2 strain, nor the leaven fermentation duration. 

Dough produced from the leaven fermenting for 24 h with Lb. sanfranciscensisLb9 strain addition was characterized 
by lactic acid bacteria cells count from 8.9 to 9.2 log cfu/g. Number of LAB cells was more diversified and 
depended on the quantity of added starter culture in the dough made ofthe leaven fermenting for 24 h. The most 
intensive growth of LAB cells in the dough – in reference to the control – was observed when 2 mlof that culture 
was added, whereas the number of LAB count in the dough produced of the leaven fermenting for 48 h with Lb. 
sanfranciscensis Lb9 addition ranged from 8.1 to 8.7 log cfu/g. Moreover, Lb. sanfranciscensis bacteria presence in 
a leaven had stimulating effects on the increase of LAB count, while it prevented from the development of undesired 
microflora, e.g. sporulating bacteria such as Bacillus subtilis [8]. 

The yeast cells count remained at very similar level (7.51–7.74 log cfu/g) regardless of the quantity of added Lb. 
sanfranciscensis Lb9 culture as well as the leaven fermentation duration; however, it was slightly higher as 
compared to the number of yeasts in the control. Number of acetic acid bacteria cells in the dough made of short-
fermenting leaven and enriched with Lb. sanfranciscensis Lb9 culture was higher (8.37–8.80 log cfu/g) than in the 
control sample. The inverse dependence was observed in the dough made of the leaven fermenting for 48 h (8.35–
8.53 log cfu/g). In that type of dough, the acetic acid bacteria count remained at comparable levels regardless of the 
amount of added Lb. sanfranciscensis Lb9. 

Table 3 presents general bread quality determinants such as baking loss, volume of 100 g bread, as well as acidity 
and hardness of breadcrumb. The lowest baking loss comparing to the control (10.18%) characterized bread with Lb. 
sanfranciscensis Lb9 addition and made of the leaven fermenting for 24 h (9.62–9.92%).The lowest baking loss 
(7.94%)characterized bread with 2 ml addition of this starter culture after 48 h of leaven fermentation. Breads with 
addition of Lb. plantarum NCAIMB.01149 based on longer-fermenting leavens showed the highest baking loss. 
Except from the bread produced with addition of 2 ml Lb. sanfranciscensis Lb9 strain, longer duration of the leaven 
fermentation affected the increased bread baking loss, while the quantity and type of starter culture added had no 
major influence on bread baking loss. 
  



Table 3. The effect of starter cultures applied and fermentation time on rye bread quality 

Sample 
Fermentation 

time 
[h] 

Quantity of 
starter 

cultures 
[ml] 

Baking loss 
[%] 

Volume of 100 g 
of bread 

[cm3] 

Titrable acidity 
[Acidity degree] 

Hardness of 
bread crumb 

[N] 

A 

24 

1 10,58 b ± 0,20 247,4 c ± 2,12 2,76 ab ± 0,24 9,20 cd ± 0,88 

2 9,66 ab ± 0,08 232,9 c ± 0,99 2,96 ab ± 0,12 5,11 ab ± 0,39 

3 9,54 ab ± 0,08 208,3 bc ± 0,92 3,12 ab ± 0,02 8,20 bcd ± 0,91 

48 

1 11,82 b ± 0,59 159,1 a ± 1,77 2,83 a ± 0,15 7,31 bc ± 0,88 

2 11,78 b ± 0,14 137,5 a ± 2,69 2,86 a ± 0,08 6,26 ab ± 1,33 

3 12,92 b ± 0,06 126,3 a ± 1,13 2,63 a ± 0,06 7,32 bc ± 1,72 

B 

24 

1 8,28 ab ± 0,25 146,1 a ± 0,42 3,12 ab ± 0,23 10,69 d ± 1,02 

2 10,28 b ± 0,51 153,3 a ± 1,63 3,27 b ± 0,00 9,16 cd ± 0,38 

3 9,92 ab ± 0,17 155,0 a ± 0,35 3,44 b ± 0,21 10,19 cd ± 0,2 

48 

1 10,32 ab ± 0,11 254,3 c ± 0,21 3,47 b ± 0,23 9,77 cd ± 0,16 

2 10,18 ab ± 0,31 241,8 bc ± 2,55 3,57 bc ± 0,28 9,97 cd ± 0,21 

3 10,88 ab ± 0,11 237,1 ±bc 5,81 3,52 b ± 0,02 10,07 d ± 0,13 

C 

24 

1 9,72 ab ± 0,31 136,8 a ± 6,08 2,91 ab ± 0,04 6,27 abc ± 0,71 

2 9,92 ab ± 0,23 128,9 a ± 3,89 3,03 ab ± 0,07 3,56 a ± 0,93 

3 9,62 ab ± 0,08 155,6 a ± 1,13 3,17 ab ± 0,03 7,57 bcd ± 0,11 

48 

1 10,06 ab ± 0,14 140,6 a ± 2,55 3,86 bc ± 0,04 5,70 ab ±1,12 

2 7,94 a ± 0,54 150,3 a ± 0,57 3,92 bc ± 0,06 4,66 ab ± 2,31 

3 10,52 ab ± 0,56 173,9 ab ± 2,33 4,13 c ± 0,08 4,19 a ± 1,74 

Control 
24 0 10,18 b ± 0,29 157,2 ab ± 2,78 2,03 a ± 0,08 8,13 bcd ± 0,82 

48 0 10,99 ab ± 0,53 203,8 abc ± 2,62 3,42 b ± 0,04 6,36 ab ± 0,88 

A – Lb. plantarum NCAIMB.01149 
B – Lb. brevis Lb2 
C – Lb. sanfranciscensis Lb9 
The same letters (a–d) in columns mean groups not significantly different at p=0.05 

The largest volume of 100 g was revealed by breads made of the leaven fermenting for 48 h with Lb. brevis Lb2 
addition (237–254 cm3) as well as those produced of leavens fermenting for 24 h and containing Lb. plantarum 
NCAIMB.01149 (208.3–247.4 cm3). In both cases, the largest volume was found for breads with 1 ml starter 
cultures addition. Along with the increase of added starter culture, bread volume decreased. Other loaves of bread 
were characterized by much lower volumes than the control samples (157.2 and 203.8 cm3), which cannot confirm 
the results achieved by Plessas et al. [26], who reported that all adding the starter cultures positively affected the 
bread volume as compared to that made with no starters addition, the volume of which was lower. 

The crumb acidity of the bread enriched with the starter cultures was higher than that of the control, except from 
bread containing Lb. plantarum NCAIMB.01149 culture after 48 hours of sourdough fermentation (2.63–2.86º of 
acidity). Breads with Lb. sanfranciscensis Lb9 addition and made of longer-fermenting leavens were characterized 
by the highest acidity of the crumb. These breads acidity increased along with the increase of the starter culture 
dose. These results are confirmed by research performed by Plessas et al. [26], who reported that bread enriched 
with starter cultures was characterized by higher acidity as compared to that produced as a result of spontaneous 
fermentation, which was due to the larger amounts of lactic and acetic acids7released into a sourdough [20, 25]. 

Hardness of the bread crumb was very diverse. Bread produced of the leaven fermenting for 24 h with addition of 2 
ml Lb. sanfranciscensis Lb9 strain was characterized by the lowest hardness (3.56 N). Crumb hardness of studied 
breads decreased along with the increase of starter culture dose. For breads containing 1 and 3 ml of starter cultures, 
as well as in the control, the crumb hardness decreased along with the leaven fermentation duration, as the same to 



the results achieved by other researchers [13, 14,16], who reported that longer duration of the sourdough 
fermentation affected the lower hardness of the bread crumb. On the other hand it is known, that while crumb 
hardness of bread is decreasing, staling of bread is delayed that mean shelf life of bread increases [10].  

Table 4 presents results from the sensory traits assessment ranking. The assessment consists in illustrating the 
intensity of every quality trait using numerical values according to accepted scoring system, which expresses the 
total quality of assessed bread (maximum possible total score is 32) [32]. 

Table 4. Organoleptic assessment of bread 

Sample 
Fermentation 

time 
[h] 

Quantity of 
starter cultures 

[ml] 
The sum of points Quality level 

A 

24 

1 24 II 

2 23 II 

3 18 III 

48 

1 29 I 

2 26 II 

3 25 II 

B 

24 

1 30 I 

2 30 I 

3 27 II 

48 

1 30 I 

2 30 I 

3 28 I 

C 

24 

1 26 II 

2 28 I 

3 28 I 

48 

1 28 I 

2 27 II 

3 29 I 

Control 
24 0 24 II 

48 0 29 I 

A – Lb. plantarum NCAIMB.01149 
B – Lb. brevis Lb2 
C – Lb. sanfranciscensis Lb9 

The highest scores were granted to breads with Lb. brevis Lb2 strain and made of the leavens fermenting for 48 h. 
These breads were classified to the 1st quality level of bread. Breads with Lb. sanfranciscensis Lb9 culture addition 
also gained high scores during sensory assessment. The lowest scores were granted to bread containing 3 ml Lb. 
plantarum NCAIMB.01149 and produced after 24 h of leaven fermentation (18 points). Studies made by Martinez-
Anaya et al.[19] revealed that Lb. plantarum and Lb. brevis had positive impact on sensory features of bread 
products. Moreover, the larger quantity of a starter culture added, the better tastiness and flavor of a bread [26], 
which was achieved in the present research for the bread with Lb. sanfranciscensis Lb9 culture addition. Bread with 
no starter cultures added (control sample) was also characterized by good general quality, which was confirmed by 
the 1st quality level of that bread. 

  



CONCLUSIONS 

As comparing to the control, addition of starter cultures influenced on enhancement in lactic and acetic bacteria as 
well as yeast counts, regardless of the amount and type of applied culture, in dough achieved after short sourdough 
fermentation (24 hours). Unlike in a dough made from longer-fermenting sourdough (48 hours), despite of Lb. 
plantarum NCAIMB.01149 and Lb. sanfranciscensis Lb9 cultures were used, number of lactic bacteria cells was 
lower than in the control. In this case, acetic bacteria population also decreased. The yeast cell count in dough with 
Lb. brevis Lb2 and Lb. sanfranciscensis Lb9 strains addition was slightly higher than in the control. Final bread 
volume was mostly affected by adding 1 cm3 of Lb. plantarum NCAIMB.01149 strain into short-fermenting 
sourdough (24 h) as well as Lb. brevis Lb2 to sourdough fermenting for 48 h, because a considerable increase as 
compared to the control was recorded. Addition of Lb. brevis Lb2 and Lb. sanfranciscensis Lb9 cultures had the 
greatest impact on the increase of bread crumb acidity, hence on higher scores during the bread sensory assessment. 
Achieved results allowed for concluding that addition of lactic acid bacteria in a form of starter cultures into the rye 
bread production had some influences on the quantitative microflora composition in a dough. Both the type and 
amount of added starter culture, as well as the leaven fermentation duration had effects on physicochemical and 
sensory features of a final bread. Summarizing, applying starter cultures in a form of lactic acid monoculture affects 
the improvement of rye bread quality. 
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