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Abstract  

 In the last years, sourdough has earned increased researchers attention, due to its nutritional 
qualities and its influence on the sensorial, physical and chemical properties of baked sourdough 
products. Lactic acid bacteria could improve the sourdough nutritional qualities, influencing especially 
the availability and quantity of bioactive compounds and also improving the aroma and the shelf-life of 
the final sourdough baked products. The high nutritional content and the good adaptability of quinoa at 
different environmental conditions made from quinoa (Chenopodium quinoa Willd.) an extensively 
studied gluten-free food plant.  
The aim of this work was to study the adaptability of Lactobacillus plantarum  ATCC 8014 strain 
during quinoa sourdough fermentation and the strain influence on the antioxidant potential. In order to 
achieve this goal, microbial count, acidification rate, lactic acid content were determined in sourdough 
with and without inoculation; also total polyphenols and the antioxidant activity were assessed to 
demonstrate the capability of Lactobacillus plantarum ATCC 8014 to improve the bioactive potential of 
gluten-free sourdough. 
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1. Introduction 

LAB belongs to the order Lactobacillales and have the capacity to convert the 
fermentable carbohydrates in metabolic energy by substrate level phosphorylation (Ianniello 
& al. 1). Lactobacilli are gram-positive microorganisms with a cellular shape, fermentative, 
microaerophilic and chemo-organotrophic being almost ubiquitous. Lactobacilli could be 
found in environments with available carbohydrates as fermented meat, sourdoughs, fruits, 
vegetables, dairy products, beverages (Felis & al. 2). 

Sourdough is defined as a natural food ecosystem, a mixture of flour and water with a 
characteristic microflora composed of LAB and habitually yeasts (Ferchichi & al. 3). The 
dominant microorganisms in sourdoughs are lactic acid bacteria (LAB) which may co-exist 
with yeasts. LAB could influence the rheology, flavor and nutritional properties of 
sourdough-based baked products (Gobbetti & al. 4). During sourdough fermentation, 
homofermentative LAB can produce mainly lactic acid through glycolysis pathway and 



MARIA SIMONA CHIȘ, ADRIANA PĂUCEAN, LAURA STAN, VLAD MUREȘAN,  ROMINA ALINA VLAIC, SIMONA MAN, BIRIȘ-DORHOI ELENA-SUZANA, SEVASTIȚA MUSTE  

13582                                                 Romanian Biotechnological Letters, Vol. 23, No. 3, 2018  

heterofermentative LAB are capable to produce lactic acid but also acetic acid, CO2 through 
6-phosphogluconate/phosphoketolase pathway (CorsettI & al. 5). 

Lactobacillus plantarum is a facultative heterofermentative strain being recognized due 
to its good adaptation in different backgrounds, due to its capacity to increase sourdough 
acidification rate and due to its large metabolic flexibility to different environments (Păucean 
& al. 6).Wheat flour has been studied several times for its capacity to ensure the growth of 
Lactobacillus plantarum different strains during sourdough fermentation. Pseudocereals such 
as quinoa afford new perspectives because of their abundance in regard to bio- and techno-
functional substances and their lack of allergenic proteins (Axel & al. 7). 

Quinoa (Chenopodium quinoa Willd.) is a crop from Andean region and South America, 
but it is also cultivated in Canada, India, Europe, USA, Chile, China thanks to its good 
adaptability to different environmental conditions (Valcárcel-Yamani & al. 8). Quinoa could 
be cultivated on poor soils, at high altitude and even in regions with annual rainfall of 200-
400 mm (Vega-Galvez & al. 9). Quinoa is a gluten-free pseudocereal with high nutritional 
value having 15-17% protein content of the fresh weight, with all ten essential amino acids, 
higher amounts of minerals like calcium, magnesium, iron, zinc, potassium, phosphorus, 
copper and vitamins: thiamin, riboflavin, niacin, ascorbic acid (Capriotti & al. 10 Jancurová 
& al. 11). Also, quinoa has a lipid content with a high degree of unsaturation, between 2 and 
3 times higher than wheat, (Alvarez-Jubete & al. 12) and high dietary fibre content (12,88-
14,2%) (Jancurová & al. 11). Squalene, phytosterols and flavonoids are other bioactive 
components which increase the nutritional quinoa value (Valcárcel-Yamani & al. 8). For the 
21st century, quinoa was selected by FAO as a food security  crop, due to its undoubtedly 
nutritional value and its adaptability to different agro-ecological conditions (Rizzello & al. 
12). The high antioxidant potential of quinoa could represent special interest to medical 
researchers aiming its utilization as a natural antioxidant (Vega-Galvez & al. 9).  
Fermentation of the quinoa flour with LAB could be used for novel application in different 
areas like functional food, dietary supplements and pharmaceutical industry (Rizzello & al. 
12) without minimizing their potential in gluten-free baking goods formulation. 

To the best of our knowledge little research shows the fermentation activity of L. 
plantarum on non-wheat substrate. This study aims to analyze the adaptability Lactobacillus 
plantarum ATCC 8014 during quinoa sourdough fermentation and the ability to enhance the 
antioxidant capacity in an atypical medium. 

 
2. Materials and Methods 
Chemicals 

All analytical reagents were purchased from Sigma Aldrich (Louis, MO, USA), Fluka 
(Germany) and Lactobacillus plantarum ATCC 8014 (L. plantarum) was acquired from 
Microbiologics (Minnesota, USA). 
Quinoa flour 

Quinoa seeds were purchased from specialized stores in Romania. The seeds were 
washed several times with cold water to remove saponins, until there was no more foam in the 
wash water; afterwards the quinoa seeds were dried at 48 °C for 24-48 h as described by 
(Dallagnol & al. 13). Quinoa flour was obtained from dried seeds by fine grinding with 
laboratory mill Grindomix GM 200. The quinoa flour characteristics like moisture, ash, protein 
(total nitrogen x 5.7) and lipids were determined according to AACC approved methods 45-15 
A, 08-01, 46-11A, 30-10.01, respectively (AACC, 2010), as showed in Table 1. 
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Sourdough preparation 
Two types of sourdough were prepared: sourdough with Lactobacillus plantarum 

ATCC 8014 (QP) and sourdough without Lactobacillus plantarum (QQ), used as control 
sample. L. plantarum was purchased in lyophilized form and cultivated in the Man Rogosa 
Sharpe (MRS) broth for 20 hours, at 37C as described by (Dallagnol & al. 13). 

The sourdough was prepared by manual mixing quinoa flour : water (1:1, v:v) for 5 
minutes at 30°C for 24 h, until the right consistency was reached. Dough yield was 200 
(dough mass/flour mass x100). Cells were harvested by centrifugation at 4200 RFG for 10 
min (Eppendorf 5804, Germany), washed three times and resuspended in sterile water. For 
sourdough with L. plantarum, a strain inoculum of log 3.2 cfu/g dough was added. Samples 
were taken for analysis from both sourdough QQ, QP at different moments of sourdough 
rising (0, 4, 8, 12, and 24h – see Table 1 for sample codes). Samples QQ and QP were 
collected and incubated under similar conditions. 

 
Table 1: Samples codification and sampling times during sourdough fermentation with and without L. 
plantarum  ATCC 8014 inoculation 
 

  Sample codes 
 Sourdough without L. plantarum Sourdough with L. plantarum  

Sampling times (h) QQ QP 
0 QQ 0 QP 0 
4 QQ 4 QP 4 
8 QQ 8 QP 8 

12 QQ 12 QP 12 
24 QQ 24  QP 24 

 
Sourdough analysis pH and acidity (TTA) 

The pH value of each sourdough was determined using a WTW pH-meter (Weilheim, 
Germany). Total titratable acidity (TTA) was determined after homogenization of 10 g of 
sourdough with 90 mL of distilled water, and expressed as the amount (mL) of 0.1 N NaOH 
needed to reach the value of a pH of 8.3, according to (Mamhoud & al. 14). 
Microbial counts  

One millilitre of each sourdough was suspended in 9 mL of sterile 0.85% NaCl solution 
and homogenised for 5 min in the vortex. In order to count the number of L. plantarum cells, 
0.1 mL of the aliquots were spread on MRS agar in serial tenfold dilutions from each 
homogenate and incubated at 37 C for 48 h. Colonies from all plates were analysed under an 
optical microscope (Zeiss 40X, Primo Star, Germany) in order to identify the specific 
microorganisms and counted using a colony counter (Colony Star 8500, Funke Gerber, 
Berlin, Germany). 
Determination of lactic acid  

Lactic acid was determined by HPLC- UV detection (Agilent Technologies 1200 Series, 
USA) for organic acids, as described by (Păucean & al. 6). The detection of lactic acid was 
set at  = 210 nm, and the concentration (mg/l supernatant) was established by comparison 
with lactic acid standard curve (y=16.937x+149.26, R2=0.9971, with 0.85g/mL minimum 
concentration and 85 µg/mL maximum concentration). 
Total phenolic content 

 For both, total polyphenols content and antioxidant activity extracts from the samples 
were prepared as described by (Bunea & al. 15) with some slight modifications. Shortly, one 
gram of sample was extracted three times with 100 mL acidified methanol (85:15 v/v, MeOH: 
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HCl) by maceration under continuous stirring (Velp magnetic stirrer, EU) for 24 h. The 
filtrates were combined in a total extract, which was dried by vacuum rotary evaporator at 
40°C. The dry residues were redisolved in 10 mL methanol (99.9% purity) and filtered 
thought 0,45 m nylon filter (Millipore). 

The content of total phenolics in extracts was determined by Folin–Ciocalteu method 
described by (Singleton & al. 16) modified by (Dordević & al. 17). Shortly, 100 l of each 
extract were shaken for 1 min with 500 l of Folin–Ciocalteu reagent and 6 mL of distilled 
water. After the mixture was shaken, 2 mL of 15% Na2CO3 were added and the mixture was 
shaken once again for 0.5 min. Finally, the solution was brought up to 10 mL by adding 
distilled water. Samples were kept in the dark for 2h and then absorbance was read at 720 nm 
on the UV/visible spectrophotometer Schimadzu 1700 (Japan). The total phenol content was 
assessed by plotting the gallic acid calibration curve (from 1 to 1500 g/mL) and expressed as 
milligrams of gallic acid equivalents (GAE) per gram of dried extract. The equation for the 
gallic acid calibration curve was y=1.02295 x+ 0.08740, R2 =0.99614. 

Furthermore, the UV–VIS spectrum of the methanolic extracts was examined in order to 
give an orientation to the search of antioxidant and phenols compounds. Shortly, 200 µL of each 
sourdough were shaken for 1 minute in 5 mL methanol. After the mixture was shaken, the 
absorbance was read at wavelength 200-450 nm with UV/visible spectrophotometer Schimadzu 
1700 (Japan). Negative control was methanol. Signals emitted within wavelength range were 
interpreted (based on absorbance and wavelength) in order to identify compound classes. 
Determination of antioxidant activity 

The antioxidant activity was determined by using the radical DPPH (2,2-diphenyl-1-
picrylhydrazyl) scavenging capacity assay as described by (Nenadis & al. 18 and modified 
by (Dordević & al. 17). The phenolic extracts (0.1 mL) were mixed with DPPH solution 
(3.9 mL), kept in the dark at ambient temperature and the absorbance of the mixtures was 
recorded at 515 nm after exactly 30 minutes against methanol as blank. Negative control was 
prepared using 0.1 mL methanol and 3.9 mL of DPPH.  
The radical scavenging activity was calculated according to the following equation: 
 

 
where: 
ADPPH – absorbance of DPPH solution; 
Asample– absorbance of the sample. 

 In order to determine the optimal time for reading the free radical scavenging activity of 
methanolic extracts, the kinetic activity was analyzed. Kinetic activity was determined 
according to the method described by (Nenadis and Tsimidou 2002). Thus, 100 μl of the 
sample was homogenized with 3.9 mL of DPPH (6.5 mol concentration) and the absorbance 
was read at 515 nm, with the methanol solution as a blank sample. The absorbance was 
measured after each 30 s until it becomes constant. 
Statistical analysis 

 The results of three independent assays (performed with replicates each) were expressed 
as mean value ± SD. All data were compared by Duncan multiple comparison test. 

 
3. Results and Discussions 

The main chemical characteristics along with the polyphenols content and the 
antioxidant activity of the quinoa flour used in the study are reported in Table 2.One of the 
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most important steps during sourdough fermentation technology is the drop of pH value.  At 
the end of the fermentation (24 h) the pH values of QP was 3.7 and 5.3 for the QQ sample. 
Throughout the incubation period, the TTA value was 2.4 fold higher in QP than in QQ 
(Figure 1). Similar results are reported by (DALLAGNOL & al. [13]), the differences could 
be ex$plained by the different dough yield and different LAB strain used in the study. 

 
Table 2: Proximate composition, polyphenols content and antioxidant activity of quinoa flour used for 
sourdough samples preparation 
 

Parameters Proximate composition* (%) 
Moisture  10.6 ± 0.6 
Proteins  13.1 ± 0.3 
Lipids  5.8 ± 0.3 
Carbohydrates 68.2 ± 1.4 
Ash 2.3 ± 0.2 
Antioxidant activity (%)                   92.05 ± 0.3 
Total polyphenols (µg GAE/100 g)  451  ±  0.2 

                                           *Mean values of three different determinations followed by standard deviation.  
 
The lowest pH value of sourdoughs was measured in the QP sourdough after 24 h of 

fermentation, at 30 C, indicating that the decrease of pH is related to long fermentation time 
and high temperature, as reported by (Katina & al. 19). The protein and starch degradation 
which provide more substrate for lactic acid bacteria growth, are caused by enzyme’s flours, 
like proteases and amylases. Quinoa flour contains proteins more hydrophilic than wheat 
gluten, being more accessible for protease enzymes but also, enzymatic reactions are related 
to temperature and time of environment (Dallagnol & al. 13]. Our findings are consistent 
with those reported by (Păucean & al. [6]) in terms of  comparing pH values during 24h of 
fermentation realized by the same strain (L. plantarum) in wheat and respective, quinoa 
sourdough. During sourdough fermentation, LAB are responsible for the conversion of 
fermentable carbohydrates into end products like lactic acid but also acetic, formic acids and 
ethanol. The proteolysis process and the protein correlation with other molecular partners is 
influenced by the pH value below 4 (Scarnato & al. 20). 

 

 
Figure 1. Evolution of pH and TTA during 24 hours of fermentation in inoculated (QP)  

and non-inoculated (QQ) sourdoughs with L. plantarum ATCC 8014. QP and QQ sourdoughs  
are represented using filled black circle respectively empty white circle 

 
LAB are microorganisms that need vitamins, amino acids and bases to grow. The 

chemical composition of flour (proteins, free amino acids, vitamins) plays an important role 
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in the growth parameters of LAB strain (Dallagnol & al. 13). The growth of L. plantarum 
was followed for 24 hours at 37 C and the cell density reached values from log 3.2 cfu/mL to 
log 6.7 cfu/mL asserting that the L. plantarum was able to displace the autochthonous 
microbiota of quinoa flour, forming a heterogenetic microbiota (Figure 2). The growth of L. 
plantarum is due to the breakdown capacity of the protein chain by LAB into amino acids and 
peptides which are more easily assimilated by lactic acid bacteria (Rizzello & al. 21). These 
results supports the assumption that quinoa flour is a good substrate for lactic fermentation 
since the microbial dynamic growth during 24h revealed an increment of about 2.1 fold 
higher than the initial microbial load with typical cell density for sourdough fermentation. 
The versatile metabolism and the high proteolytic activity of different Lactobacillus 
plantarum strains, combined with the rich nutritional composition of quinoa flour, are 
important factors that could influence the LAB growth development with an impact on lactic 
fermentation (Dallagnol & al. 22 Rizzello & al. 21  Vogelman & al. 23). 

 

 
Figure 2. Evolution of microbial growth during 24h of fermentation in inoculated (QP)  

and non-inoculated (QQ) sourdoughs with L.  plantarum ATCC 8014. 
 

In the plates with non- inoculated quinoa sourdough it was observed a mixed microbiota 
composed by long Gram (+) or Gram (−) bacilli and also diplococci. The autochthonous 
microbiota of quinoa flour could be influenced by environmental conditions (climate, 
altitude), human manipulation, flour degree extraction, storage, interaction with other raw 
materials. Our results are consistent with (Dallagnol & al. 13), the differences could be 
explained by the different quinoa flour processing conditions (example the washing 
preparatory stage) and by the difference of dough yield and type of L. plantarum strain used 
for inoculation. The low values of microbial density are correlated with the results for pH and 
TTA in non-inoculated sourdough; moreover the presence of a mixed microbiota couldn’t 
assure a good acidification rate during 24h of fermentation (Vogelman & al. 23). 
Lactic acid content 

Lactic acid production was nearly 3.5-fold higher in quinoa sourdough with L. 
plantarum than in spontaneous fermented sourdough, throughout the incubation period. After 
24h of fermentation, 21.57 Mmol/L were detected in QP, respectively 6 Mmol/L in the non-
inoculated (QQ). These results are in correlation with the pH/TTA dynamics and the cell 
growth, indicating a good performance of L. plantarum in quinoa sourdough. One of the most 
important compounds responsible for pH decrease is lactic acid, so increased levels of lactic 
acid lead to decreased pH value and improved the microbial growth of L. plantarum. 
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Figure 3. Lactic acid content during 24h of fermentation in inoculated (QP)  

and non-inoculated (QQ) sourdoughs with Lactobacillus plantarum ATCC 8014 
 

Total phenolic content 
The quantity of phenolic compounds in QP increased their concentration during 

fermentation time reaching a final concentration of 350 g GAE/100 g, compared to QQ 
phenolic compound that reached the final concentration of 240 g GAE/100 g. The difference 
between the amounts in phenolic compounds could be explained by the influence of L. 
plantarum proteolytic activity on polyphenols profile. 

 

 
Figure 4. Phenolic compounds content of methanolic extracts during 24h of fermentation  
in inoculated (QP) and non-inoculated (QQ) sourdoughs with L. plantarum ATCC 8014.  

(Values not sharing the same small letters indicate the significantly  difference betweens QQ and QP  
at the same moment: 0, 4, 8,12, 24 H. Values not sharing the same big letters indicate  

the significantly  difference betweens QQ and QP at different moments: 0, 4, 8, 12, 24 H) 
  
Total phenols content  of QP started to increase after 4 hours of fermentation showing 

statistically significant differences between QQ and QP at the same fermentation time 
(p0.05), as showed in the Figure 4. The increasing amounts in antioxidant activity and  total 
phenols content of quinoa methanolic extracts during LAB fermentation was studied and 
reported by Rizzello & al. 12,  who confirmed that during fermentation, LAB have the 
capacity to release antioxidants peptides and to increase the total phenols amount and 
antioxidant activities. Through the acidification and hydrolysis of more complex and 
glycosylated forms, LAB could influence the phenolic compounds improving their 
solubilisation, according to Curiel & al. 24. 
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The UV–VIS spectrum recorded from the metanolic extract of quinoa sourdough 
showed peaks at 260 nm and 345 nm suggesting the presence of phenolic compounds 
(flavonoids and phenolic acids) as showed in the Figure 5. 
 

 
 

Figure 5. UV-VIS spectrum during 24h of fermentation in inoculated (QP)  
and non-inoculated (QQ) sourdoughs with L. plantarum ATCC 8014 

 
The antioxidant activity 

 Antioxidant activity of QP started to increase after 4 hours of fermentation showing 
statistically significant differences between QQ and QP at the same fermentation time 
(p0.05), as showed in the Figure 6. The metabolic activity of LAB correlated with 
fermentation type influence the levels of bioactive compounds that enable the increase of the 
antioxidant capacity and phenolic content of the sourdough according to (Banu & al. 25). It 
was reported by (Rizzello & al. 21) that sourdough acidification caused by LAB could be 
related with the augmentation of total antioxidant activity and with the extractability of 
phenolic compounds. 

 

 
Figure 6. Antioxidant activity of methanolic extracts during 24h of fermentation in inoculated (QP)  

and non-inoculated (QQ) sourdoughs with L. plantarum ATCC 8014. (Values not sharing  
the same big letters indicate the significantly  difference (p0.05) between QQ  

and QP at different moments: 0,4, 8, 12, 24 H. Values not sharing the same small letters indicate  
the significantly  difference between QQ and QP at the same moment: 0, 4,8,12, 24 H) 

 
Rodríguez & al. 26 reported that Lactobacillus plantarum was able to increase 

antioxidant activity and improve food aroma compounds by the degradation of some food 
phenolic compounds through the metabolic activity of lactic acid bacteria. LAB during quinoa 
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flour fermentation had the capacity to increased organic acid, free aminoacids, soluble fibers, 
total phenols, phytase, antioxidant activities and in vitro protein digestibility as reported by  
(Rizzello & al. 12). Kinetics activity of DPPH-extract reactions were achieved with the 
purpose off approximates the scavenging activity as a function of time. The results confirmed 
that reading the radical scavenging activity at 30 minutes gave us the certainty of a fair 
analysis, as showed in the Figure 7. 

 

 
 

Figure 7. Kinetics activity of methanolic extracts during 24h of fermentation in inoculated (QP)  
and non-inoculated (QQ) sourdoughs with L. plantarum ATCC 8014 

 
An important aspect for the adaptability of LAB is the type of flour which in turn 

determines the microbiota of the resulting sourdoughs and could influence the growth strain 
through its chemical compounds like: carbohydrates, vitamins, minerals and proteins 
amounts. So, in order to assess the microbial strain adaptability in a substrate intended for 
sourdough fermentation, two directions may be investigated: microbial growth and the 
capacity to enhance the functional properties. The results of this study are consistent with 
those reported by (Moroni & al. 27) showing a good rate of propagation in pseudo-cereals 
sourdoughs (buckwheat, teff) fermented by Lactobacillus species. The amount of fermentable 
carbohydrates, the enzymatic activity and the presence of some growth factors (Rizzello & al. 
12) assure good microbial growth of L. plantarum ATCC 8014 in quinoa sourdough. Also, 
the interaction between the matrix properties and L.plantarum demonstrated an enhancement 
of the functional properties in terms of antioxidant potential. LORUSSO & al. 28 results 
show also, that L. plantarum is capable to enhance the nutritional properties and the 
antioxidant potential of quinoa flour; similar findings are reported by (Coda & al. 29) and 
(Rizzello & al. 12). The proteolytic breakdown of the native quinoa proteins by L.plantarum 
combined with the acidification of sourdough could be considered responsible for both the 
bacterial growth and the enhancement of antioxidant potential, since bioactive peptides are 
released and a solubilization of polyphenols occurs.  

 
5. Conclusions 

 In this study, Lactobacillus plantarum ATCC 8014 was able to growth during quinoa 
sourdough fermentation, with significant influences on the pH, TTA values and the lactic 
acid, antioxidant and total phenols amounts. Due to the rich quinoa flour chemical 
composition and to the adaptability capacity of L. plantarum strain, quinoa sourdough could 
be successfully used in bakery industry.  
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