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Introduction

Wheat bread is a staple food worldwide, and bread making using sourdough is one of the oldest technologies.
In this regard, the use of legume sourdough is important in improving the quality of wheat bread. Sprouted legumes
are also proper substrates rich in bioactive compounds for sourdough fermentation to produce enriched products.
Furthermore, application of herbal extracts in sourdough formulation is a simple way to enhance organoleptic
properties and mold-free shelf-life of the produced sourdough bread. Considering positive effects of sourdough on
techno-functional properties of the produced bread, the aim of the present study was to enhance quality parameters
of wheat bread using controlled fermented sprouted lentil containing fennel extract.

Materials and Methods

In the present study, predominant lactic acid bacteria (LAB) were isolated using the sequential back-slopping
process from fermented sprouted lentil containing fennel extract. The isolates were screened based on their
antifungal activities against Aspergillus niger. The selected isolates were identified through amplification of the
target sequence with 1500 bp from its 16S rDNA gene and sequencing of the PCR products. After that, controlled
fermentation containing selected LAB isolates (as a starter culture) was performed in processing of wheat bread.
Crumb hardness, specific volume, water activity, overall acceptability and surface growth rate of the target fungus
were compared in the produced breads. In order to determine the effects of the substrate, fermentation and
germination, suitable samples were produced. The results of the present study were also analyzed in a completely
randomized design with three replications, and Duncan test at P<0.05 significant difference was used to compare
the mean.

Results and Discussion

Sequencing results of the PCR products (amplicons) led to the identification of Pediococcus acidilactici as the
selected LAB isolate. Addition of lentil sourdough to wheat bread significantly (P<0.05) reduced the weight loss
and crumb hardness of wheat bread and also increased its specific volume without significant effect. Among the
produced breads, the lowest specific volume was belonged to the sample containing lentil and the highest specific
volume was observed in the control sample. Moreover, fermentation and sprouting reduced the surface growth of
A. niger in the produced breads. The surface growth rate of the fungus in the bread containing fermented sprouted
lentil was also significantly lower than those of the control sample. In addition, wheat bread containing fermented
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sprouted lentil received the highest overall acceptability score among the produced enriched breads. It is reported
that the positive effects of controlled sourdough on textural features of the produced bread are mainly associated
with the acidification activity of the starter culture used. Production of organic acids and other inhibitory
metabolites by the sourdough starter culture is also involved in its antifungal activity in the product. Moreover,
production of volatile and non-volatile aroma precursors during sourdough fermentation affect sensory attributes
of the sourdough bread.

Conclusion

Nowadays, consumer demand for healthy products with minimal processing and with no synthetic additives
such as clean-label foods, and the use of bio-preservatives (application of microorganisms and their metabolites to
prevent spoilage and increase the shelf-life of the product) has become a growing trend. Application of legumes
as a good source of protein, other nutrients and essential components in bread formulation is important for their
use in the daily diet. According to the results of the present study, controlled fermented sprouted lentil containing
fennel extract can be used as an antifungal compound and texture improver in bakery industries. Overall, the use
of plant extracts with antifungal effects as well as controlled fermentation of sourdough with selected LAB as
protective/starter culture can reduce the use of chemical preservatives in bread.
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Fig. 2. Antifungal effects of the predominant lactic acid bacteria (LAB) isolated from fermented sprouted lentil containing
fennel extract on A. nigerin overlay bioassay
A: control, B: selected LAB isolate, C, D and E: non-selected LAB isolates.
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fennel extract
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Fig. 4. Overall acceptability of the produced wheat breads containing different amounts of fennel extract to determine

optimal percentage of the extract in bread formulation
Different letters show significant difference at P<0.05.
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Table 1- Fungal surface growth and crumb pH of wheat bread (C) compared to wheat bread samples containing calcium
propionate (CP), fennel extract (E), lentil (L), sprouted lentil (SL), fermented lentil (FL), fermented sprouted lentil (FSL),

fermented sprouted lentil + fennel extract (FSL + E) and fermented lentil + fennel extract (FL + E) after seven storage days
at room temperature. Different letters in each column indicate significant difference at £<0.05

OU dges LRSI T8 ) ol Al o 3% pH &, 0aalis 59, o)
Bread sample  Fungal growth zone (%)  Black zone of the fungal growth (%) Crumb pH  First day of the fungal growth

Cc 54.00+2.82° 36.00 + 0.00° 6.09 £+ 0.22° 2.00 +0.00°
CcpP 29.00 £7.07¢ 24.00 £7.00¢ 6.25 = 0.06° 3.00 + 0/007
E 69.00 +£10.60° 41.50 £0.70% 6.18 +0.14° 1.50 +£0.70°
L 47.50+10.60™ 40.00 £5.65° 6.24+ 0.072 2.00 +0.00°
SL 43.00+ 0.70° 23.00 + 7.77¢ 6.14 £0.03% 1.50 £ 0.70°
FL 44.00£12.02° 25.00 + 5.56¢ 4.71+0.16° 0.00° +2.00
FSL 40.50+1.41° 20.50 + 0.22¢ 4.63 +0.02° 0.00° 2.00 +
FL+E 48.00+11.31™ 34.00+0.70° 4.62+0.00° 1.50 +£0.70°
FSL+E 39.00+ 0.70° 21.00+ 3.350° 4,70+ 0.07° +0.00° 2.00
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Different letters show significant difference at P<0.05.
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Table 2- Quality characteristics of wheat bread (C) compared to wheat bread samples containing calcium propionate (CP),
fennel extract (E), lentil (L), sprouted lentil (SL), fermented lentil (FL), fermented sprouted lentil (FSL), fermented sprouted
lentil + fennel extract (FSL + E) and fermented lentil + fennel extract (FL + E). Different letters in each column indicate
significant difference at /<0.05

OU wged b e P A ol edlad Ojs <l o S
Bread sample  Crumb hardness (N)  Specific volume (cm®g™?)  Water activity Weight loss (%)  Overall acceptability

c 3.60£0.70% 2884017 084001 4425+0.70° 419+ 0.07°

cp 3.32+0.37¢ 2.86 £0.19* 0.94 £+ 0.00? 10.25 + 0.70° 406007
E 5.56 +0.12° 1.95 £ 0.04" 0.94+0.00° 19.75+2.12° 3.71 +0.04

L 7.78+026° 1.07 4 0.00° 093+£000° 550041410 3.63% 0.00°

SL 387+0.07% 2.11+£0.12° 0.93+0.00" 19.00 + 1.41° 3.76 &+ 0.00*

FL 288+089° 1.39 + 0.00% 0.93 £ 0.00° 13.25 + 3,534 3.68 + 0.00%

FSL 457051 1.72 +0.209 09340000  1550+141° 3.80+0.02"
FL+E 3.32£037° 1.40 + 0.21% 0.93 +0.00* 12.50 £ 1.414 3.75+0.01°
FSL+E 3.98+2.22° 1.97 £+ 0.14 0.94 £+ 0.00? 20.25 +0.70° 3.76 +0.02"
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Different letters show significant difference at P<0.05.
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