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Abstract: The aim of this study was to develop an innovative sourdough using dehydrated okra
(Abelmoschus esculentus L.) pod flour and to use it in the production of bread. Three different flours
(sun-dried S, freeze-dried F, oven-dried O) were individually mixed at 9% with wheat flour (Dough
Yield 300) and fermented (No: 8.0 logio CFU/g) for 14 h, using Lactiplantibacillus plantarum ITM21B,
Weissella cibaria C43-11 or Leuconostoc mesenteroides C43-2M. The results showed that after
fermentation, the content of organic acids (lactic, acetic and propionic), exopolysaccharides (EPS), 1-
glutamic acid and total free amino acids (TFAA) increased and the high molecular weight proteins
were converted into smaller proteins. Sourdough based on Leuc. mesenteroides and O flour
(O_LeuMes) was selected to evaluate its applicability in bread making. It was included in the yeast-
leavened bread formulation at 20 or 40% (0.6% and 1.21% w/w O flour replacement). The results
showed that fermentation limited the negative effects of unfermented O flour on bread quality
attributes, mainly the specific volume and firmness. Bread with O_LeuMes at 40% was improved in
TFAA, EPS and 1-glutamic acid content and showed a higher specific volume and lower moisture
and firmness compared to bread with the unfermented O flour.

Keywords: lactic acid bacteria; fermentation; protein content; amino acids; organic acids; 1-glutamic
acid; polysaccharides; wheat bread

1. Introduction

Okra (Abelmoschus esculentus L.), commonly known as gumbo or lady’s finger,
belongs to the Malvaceae family and is an easily available, renewable and inexpensive
natural source. It is consumed in the Mediterranean region and can be considered as a
functional food since it is rich in minerals, protein, fat, phenolic compounds and
polysaccharides [1,2]. In Tunisia, okra is cultivated in Djérid, a semi-desert region in the
south-west of the country, in the areas of Sidi Daoud near La Marsa, and in the north-west
of the country in Béja, Jendouba and Bizerte [3]. Given the growing interest in the
Mediterranean diet, this plant could be valorized as a healthy ingredient applicable in
many food products, especially in cereal-based foods, which represent up to 77% of the
total caloric consumption in Africa [2,4,5]. Okra is rich in soluble dietary fiber in the form
of gums and pectins, which help to lower serum cholesterol levels, thereby reducing the
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risk of heart disease [6]. The health-promoting capacity of okra is mainly related to its
polysaccharides [7,8], which are typical pectic polysaccharides containing abundant
rhamnogalacturonan I (RG I) with repeating disaccharide units — 4)-d-GalpAMe-(1 — 2)-
1-Rhap-(1 — as backbone and neutral sugars of galactose and arabinose as side chains
[9,10]. Okra polysaccharides possess significant bioactivities such as anti-fatigue [11],
antioxidant [12], anti-hyperlipidemic [2] and anti-hyperglycemic effects [7] as well as
interesting potential as prebiotics [13]. In addition, the polysaccharides in the seedless pod
of okra form a slimy viscous system in water [14]. Due to its high moisture content, fresh
okra is known to be highly perishable at room temperature, resulting in deterioration of
its chemical, physical and biological properties. A dehydration process would therefore
be required to allow its safe use as a food ingredient and to preserve its bioactive
compounds. However, it should be emphasized that the technology used to remove
moisture (e.g., sun drying, oven drying, freeze drying) could deeply affect the health and
technological functionalities of dried plant flour [15].

Innovation in the bakery sector is currently exploring biotechnological processes,
including the combination of alternative flours as sources of carbohydrates, proteins,
vitamins and minerals to wheat flour, in order to improve the nutritional, functional and
technological qualities of products [16]. White wheat bread has a high glycemic index (GI),
ie, it rapidly raises the postprandial blood glucose levels. For this reason, the bio-
functional properties of okra fruits may be particularly relevant to enriching the
nutritional properties of wheat bread by reducing its starch digestion rate and extension.
Soluble dietary fibers, such as okra pod mucilage, could form viscous solutions or gels,
affecting passage rate, viscosity and interactions with digestive enzymes and bile salts in
the stomach and small intestine [17]. Recently, some studies have reported the potential
of okra flour or derived hydrocolloids in the production of bread, with the ultimate aim
of enriching bread with prebiotic polysaccharides useful for intestinal microflora,
phenolic compounds, and micro- and macro-nutrients [18-21]. Other health benefits of
okra consumption are also related to its phenolic content, since such compounds have
beneficial biological activities, including the ability to modulate oxidative and
inflammatory stress [17]. However, fortification of bread with ingredients containing
phenolic compounds could slow down starch hydrolysis through the potential inhibition
of digestive enzymes (i.e., a-amylase and glucosidases) [22] and glucose transporters in
the intestinal brush border [23-25]. The application of okra derivatives in bread making
could reveal other technological drawbacks, mainly related to the soluble fiber content of
the polysaccharidic fraction, which retains water, thus negatively affecting wheat-gluten
development during bread manufacturing [26]. As has been widely demonstrated, the
textural and sensorial qualities of fiber-enriched breads can be significantly improved by
sourdough fermentation, even in the presence of hydrocolloids such as pectin [27]. The
sourdough process is a well-known ancient and sustainable technology characterized by
the simultaneous presence of lactic acid bacteria (LAB) and yeasts in a dough which
determines the transformation of food raw materials. During the process, several
compounds are produced such as hydrocolloids, organic acids and enzymes, flavor and
taste-active compounds and antimicrobial substances, which have technological,
functional and health properties. The process can occur spontaneously or can be activated
by specific strains [28]. Among the commonly used microorganisms applied in
sourdough, LAB contribute to improving the quality, shelf life and functional properties
of fermented foods by converting food components into added-value compounds [29].
They also contribute to modifying the bioaccessibility and bioavailability of polyphenols
mainly through the release of free phenolic acids by the esterase activity of sourdough
microorganisms [30,31]. Therefore, the combination of sourdough fermentation and the
incorporation of a rich source of phenolics such as okra flour could provide an additional
functional trait to the resulting bread. At the same time, the addition of a rich source of
phenolics to food formulation should consider the associated safety aspects in order to
select the optimal percentage of incorporation. Altunkaya et al. [32] evaluated the
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chemical safety of wheat bread fortified with pomegranate peel powder using the Artemia
salina assay. The authors observed an increase in toxicity as a function of the replacement
of wheat flour with the plant by-product, thus suggesting that the final products should
be tested for safety aspects.

During fermentation, LAB activate many metabolic activities, leading to the
production of antimicrobials and exopolysaccharides (EPS), acidification and redox
potential modification, oligosaccharides and glutamine and glutamate metabolism [33].
The EPS, divided into homopolysaccharides (HoPS) and heteropolysaccharides (HePS),
can be used instead of hydrocolloids as texturizing, antistaling or prebiotic additives in
bread, improving its textural and nutritional characteristics [34].

To date, okra has mainly been subjected to spontaneous fermentation, resulting in
the improvement in nutrient composition, antioxidants and some functional properties
[35,36]. Recently, Wang et al. [37] used okra juice as a fermentation substrate using a
Lactiplantibacillus plantarum strain to evaluate the effect of the process on the physico-
chemical properties, antioxidant activity and immunomodulatory ability of
polysaccharides. Until now no data have been reported on the fermentation of okra flours
in a wheat-based sourdough formulation by using selected starter strains.

Based on the above considerations, the aim of this study was to evaluate the
suitability of dehydrated okra pods as functional food ingredients after fermentation.
Specifically, okra flours produced by three different drying technologies (sun drying, air
drying, freeze drying) were fermented in combination with wheat flour to produce
sourdoughs, which were further used for bread preparation. The results are the starting
point for expanding the application of okra in food products, allowing its valorization.

2. Materials and Methods

The list of abbreviations used in this research can be found in the Abbreviations
Section.

2.1. Raw Materials

The ingredients used in this study were commercial soft wheat flour type 0 (fat 2%,
carbohydrates 72%, fiber 2%, protein 11%) (Molino Casillo S.p.A, Corato, Italy) and 3 types
of okra flour: sun-dried okra flour (S, direct exposure to solar radiation at =30 °C for 24
h), oven-dried okra flour (O, drying in a forced air oven for 48-72 h) and freeze-dried okra
flour (F, freezing at -80 °C overnight and followed by freeze drying for 72-96 h). All okra
flour samples with particle size less than 300 um were provided by the University of
Gabes, Tunisia. The chemical composition of the okra flours obtained is reported in Table
1.

Table 1. Chemical composition of produced okra flours.

F (0) S
Moisture (g/100 g) 0.22 £0.02 9.85+0.1 0.00£0.0
Protein content (g/100 g db *) 18.01+0.25 19.04+0.18 18.39+0.15
Total fats (g/100 g db) 1826 +0.36  2.40+0.276 1.18+0.08
Total carbohydrates (g/100 g db) 26.71+0.26 3527+037 24.88+3.34

#db, dry basis. Flour codes are reported in Section 2.1. Data are presented as mean * standard
deviation.

2.2. Microorganisms

For the production of sourdough, three LAB strains belonging to the Culture
Collection of the Institute of Sciences of Food Production, National Research Council of
Italy, were used as fermentation starters. In particular, the following strains were used:
the proteolytic strain Lactiplantibacillus plantarum ITM21B, isolated from sourdough [38]
and used for the production of bread with reduced salt content [39,40], Leuconostoc
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mesenteroides C43-2M and the dextran producer Weissella cibaria C43-11 [41], both isolated
from wheat semolina [42], the latter used for the production of focaccia bread with
reduced fat content [43,44]. The W. cibaria species, although not yet included in the
Qualified Presumption of Safety (QPS) list [45] and recognized as a potential bacterial
starter in food fermentation, was included in the study because it is a well characterized
dextran-producer strain [41].

For long-term storage, stock cultures were prepared by mixing 800 uL of a culture in
de Man Rogosa Sharpe (MRS) broth (Conda, Madrid, Spain) with 200 uL of Bacto glycerol
(Fisher Scientific UK Ltd., Leicestershire, UK) and freezing this mixture at -80 °C. To
obtain fresh cultures, strains were subcultured twice (1% v/v) in MRS broth for 24 h before
use.

2.3. Microbiological Analysis of Raw Materials

A sterile Bacto-peptone (Difco, Becton Dickinson, Co., Sparks, MD, USA) solution
(0.1% w/v) was added to 20 g of each sample up to 200 g, homogenized in a blender for 2
min, serially diluted and plated on de Man Rogosa Sharpe (MRS) (Biolife Italiana S.r.l,
Milan, Italy) agar containing cycloheximide (0.1 g/L) to detect LAB. Petri dishes were then
incubated aerobically at 30 °C for 48 h for colony detection.

2.4. Production of Sourdough

The strains W. cibaria C43-11, Leuc. mesenteroides C43-2M and L. plantarum ITM21B
were selected as single starters for fermentation. The strains were cultured in MRS broth
and incubated at 37 °C (L. plantarum ITM21B) or 30 °C (W. cibaria and Leuc. mesenteroides).
In the sourdough formulation, the okra flour/wheat flour ratio and water adjustments
were defined using S flour. This preliminary investigation indicated that a level of okra
flour higher than 9% (w/w) with respect to wheat flour and a dough yield (DY) lower than
300 altered the sourdough’s consistency. Therefore, final formulations were prepared by
mixing 1 g of okra flour, 10 g of wheat flour and 22 mL of water in order to select the most
suitable strain and fermentation conditions for the enrichment of sourdough with
bioactive molecules such as amino acids, proteins, EPS, I-glutamic acid and organic acids,
and a set of experiments was prepared using O, F and S flours. Mixtures were separately
inoculated at 8 log CFU/g with W. cibaria C43-11, Leuc. mesenteroides C43-2M and L.
plantarum ITM21B as starters and incubated for 14 h at the optimal growth temperature
for each. Not inoculated mixtures before fermentation were used as controls (CTR):
S_CTR_TO, F_CTR_T0 and O_CTR_TO. The resulting fermentation products and controls
were analyzed. The experiments were performed in duplicate. The following parameters
were also registered before and after fermentation: pH, titratable acidity (TTA) and total
LAB count.

2.5. Bread-Making Test

Among the sourdough formulations, the preliminary screening did not highly
differentiate the samples. Therefore, selection of the sourdough formulation suitable for
bread making was based on the type of flour and the starter strain: O flour was chosen
since the oven-drying technology can be easily applied in the food sector, and the strain
Leuc. mesenteroides C43-2M was selected as an EPS-producing strain that has not yet been
deeply investigated and belongs to a species included in the QPS list. Furthermore, the
sourdough formulation based on O flour and Leuc. mesenteroides (O_LeuMes) contained
the highest EPS content.
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On the basis of these considerations, the O_LeuMes sourdough was selected for the
laboratory bread-making test. Bread variants were prepared according to a standard
recipe as shown in Table 2. The sourdough was added at 20% and 40% w/w (weight of
sourdough/weight of total flour) corresponding to 0.6% and 1.2% of fermented O flour on
the total flour weight, giving O_20% and O_40% breads. Unfermented O flour at 0.6% and
1.2% was used to produce control breads (CTR_20% and CTR_40%, respectively) in
addition to a control bread (CTR_0%) produced with wheat flour as the standard recipe.
The samples were prepared using a Princess® Bread Maker Homemade Deluxe, type
152007 bread machine (Princess Household appliance BV, Breda, The Netherland). All
ingredients were mixed and the dough was leavened and baked using the “Basic”
program. Bread samples were cooled at room temperature for two hours, sliced and
stored for physico-chemical analyses.

Table 2. Formulations of bread containing O_LeuMes sourdough at two different percentages in
comparison to controls.

Bread Variant *

CTR_0% 0_20% 0_40% CTR_20%  CTR_40%
Ingredients =~ Weight (g)
Wheat flour 350 326.67 303.33 347.88 345.76
Salt 6.3 6.3 6.3 6.3 6.3
Olive oil 10.5 10.5 10.5 10.5 10.5
Dry yeast 5.25 5.25 5.25 5.25 5.25
Tap water 210 163.33 116.67 210 210
O_LeuMes - 70 140 - -
O flour - - - 2.12 4.24

* O_20%, bread containing O_LeuMes sourdough at 20% sourdough w/w flour; O_40%, bread
containing O_LeuMes sourdough at 40% sourdough w/w flour; CTR_0%, not containing O flour;
CTR_20%, bread containing unfermented O flour (corresponding to okra flour content in O_20%);
CTR_40%, bread containing unfermented O flour (corresponding to okra flour content in O_40%).

2.6. Microbiological Analysis of Sourdough

A Sterile Bacto-peptone solution (0.1% w/v) was added 1:10 to the sourdough and
homogenized in a stomacher for 2 min. Serial decimal dilutions of each sourdough were
prepared in sterile NaCl (0.85% w/v) + Tween 80 (0.025%), and 100 uL aliquots of each
dilution was spread on MRS plates which were incubated for 48 h at the optimal growth
temperature of each strain. The total LAB count was expressed as log CFU/g. The presence
of starters in each sourdough was monitored as described by Valerio et al. [40]. Bacterial
DNA was extracted from each colony of overnight cultures grown in MRS broth at 30 or
37 °C as previously described [46]. Genetic identification of the strains was based on a
comparison of the REP-PCR profile of each isolate with the specific pattern obtained from
pure cultures of W. cibaria C43-11, Leuc. mesenteroides C43-2M and L. plantarum ITM21B.

2.7. Physico-Chemical Analyses of Sourdough and Bread Samples
2.7.1. pH and TTA Measurement

The pH of the sourdough and bread samples was recorded using a portable pH-
meter (type 110, Eutech Instruments, Singapore City, Singapore) equipped with a Double
Pore D electrode (Hamilton, Bonaduz, Switzerland). TTA was measured according to
AOAC Method No. 981.12 [47].
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2.7.2. Protein Content and Protein Profile Analysis

Total proteins were extracted from sourdoughs (before and after fermentation) and
bread samples under reducing conditions as reported by Valerio et al. [44]. Protein
concentration was determined using the Bradford method [48] with bovine serum
albumin as standard and expressed as mg protein per gram sourdough. Total protein
profiles were obtained on the 2100Bioanalyzer microchip electrophoresis system (Agilent
Technologies, Waldbronn, Germany) using the Lab on-a-chip (Loac) Protein230 reagent
kit (14-230 kDa) as reported in Valerio et al. [44]. According to Mw, three different areas
were considered in the electropherograms: Al (1420 kDa), A2 (21-42 kDa) and A3 (53-63
kDa), and percentages of peaks were obtained for each Mw area. All experiments were
performed in duplicate.

2.7.3. Determination of Organic Acids

Samples were prepared as described by Bavaro et al. [43]. The organic acids (lactic,
acetic, propionic) were separated on an HPLC system (AKTABasic10, P-900 series pump;
Amersham Biosciences AB, Uppsala, Sweden) using Rezex ROA-organic acid H* (8%)
(7.80 x 300 mm; Phenomenex, Torrance, CA, USA) and a three-channel UV detector
(Amersham Biosciences 900) set at 210 nm. The mobile phase was 0.007 mol/L H2504
(Fluka, Deisenhofen, Germany) pumped through the column heated to 70 °C at a flow rate
of 0.6 mL/min. The amounts of organic acids were determined by integrating calibration
curves obtained from relevant standards and expressed as mmol/kg sourdough. The limit
of detection (LOD) and limit of quantification (LOQ) were calculated considering a signal-
to-noise ratio (S/N) of 3 and 6, respectively. LOD values of the organic acids in the
extracted samples were the following for sourdough: lactic acid, 0.41 umol/mL; acetic
acid, 0.68 pmol/mL; and propionic acid 0.51 pmol/mL. The LOD values for bread samples
were: lactic acid, 0.228 umol/mL; acetic acid, 5.42 pmol/mL; and propionic acid 0.41
pumol/mL. The LOQ values corresponded to 2 x LOD. The final concentration of each
organic acid in the liquid sourdough was calculated taking into account concentration
and/or dilution factors and expressed as mmol/kg or pmol/kg product.

2.7.4. Determination of L-Glutamic Acid

Sourdough samples were diluted (1:5) with water, centrifuged (15,000x g, 20 min, 4
°C) and the supernatant filtered by centrifugation (7000x g, 1 h, 2 °C) through a 3000 Da
cut-off micro-concentrator. Bread samples were diluted (1:10) with water, centrifuged
(15,000% g, 20 min, 4 °C) and the supernatant freeze dried. The freeze-dried samples were
resuspended in a volume of sterile water to obtain 10-fold concentrated solutions. The
fractions containing molecules with a molecular weight lower than 3000 Da were
analysed. The l-glutamic acid content was measured as reported by Valerio et al. [40] by
spectrophotometric analysis using a commercially available 1-glutamic acid test kit (K-
GLUT 07/12; Megazyme International, Bray, Ireland) according to the manufacturer’s
instructions and using a microtiter plate spectrophotometer BioscreenC (Oy Growth
Curves AB Ltd.; Helsinki, Finland).

2.7.5. EPS Quantification

Exopolysaccharides were extracted from sourdough and bread samples as reported
by Valerio et al. [44], with slight modifications. Briefly, samples were diluted with distilled
water and centrifuged (8000x g, 10 min). The supernatants were treated with
trichloroacetic acid to a final concentration of 4% and stored at 4 °C for 2 h, to remove
proteins that may interfere with EPS quantification. The precipitate was removed by
centrifugation (20,000x g, 10 min, 4 °C) and the resulting supernatants were treated with
three volumes of chilled 96-99% (v/v) ethanol to allow EPS precipitation. The solutions
were stored overnight at 4 °C. Precipitated EPS were collected by centrifugation (8000x g,
20 min, 25 °C), resuspended in the original volume of distilled water, dialyzed (12-14 kDa)
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against distilled water for 48 h at 4 °C, lyophilized and rehydrated with distilled water to
the original volume. The concentration of EPS (g/kg) was determined by the phenol-
sulfuric method [49], using glucose as standard (LOD 0.078 g/L or g/kg).

2.7.6.. Determination of Total Free Amino Acids

Water/salt-soluble extracts of sourdoughs and breads were prepared according to the
method originally described by Osborne [50] and modified by Weiss et al. [51] and used
for the analysis of total free amino acids (TFAAs) by the cadmium-ninhydrin method as
reported by Doi et al. [52].

2.8. Technological Analyses of Bread Samples

To evaluate the impact of sourdough and unfermented okra flour on bread quality,
moisture content, water activity (aw), color and firmness were assessed on the crumb and
specific volume on the loaf.

2.8.1. Moisture Content

The moisture content of the crumb was measured using a gravimetric method [53].
Approximately 2 g of crumb sample were dried in a vacuum oven (1.32 kPa) at 75 °C to a
constant weight (12 h).

2.8.2. Water Activity

Crumb water activity was determined using a dew-point measurement system
(Aqualab 4TEV, Decagon Devices, Inc., Pullman, WA, USA) at 25 +1 °C.

2.8.3. Bread Crumb Firmness

Bread crumb firmness was measured by a puncture test using an Instron 4301
(Instron Ltd., High Wycombe, UK). Instrument settings and operations were performed
using Automated Materials Testing System software (version 5, Series IX, Instron Ltd.,
High Wycombe, UK). Three slices were taken from each loaf. The central part of the slice
(4.0 x 4.0 x 0.9 cm) was sampled by manual cutting with a sharp knife. A uniaxial vertical
compression test was performed under ambient conditions (20 + 2 °C, ambient humidity).
Samples were penetrated using a 12.7 mm diameter cylindric probe mounted on a 100 N
compression head. The crosshead speed was set at 50 mm/min. Force—distance curves
were obtained and firmness was taken as the force (N) required to compress the bread
crumb by 0.3 cm. Five measurements were taken at different locations on the bread slice.

2.8.4. Crumb Color Evaluation

A tristimulus colorimeter (Chromameter-2 Reflectance, Minolta, Osaka, Japan)
equipped with a CR-300 measuring head was used. Petri dishes with a diameter of 90 mm
and a height of 16 mm were completely filled with the sample. The instrument was
standardized against a white tile. A minimum of 5 measurements were taken for each
sample. Color was expressed in CIE L*, a* and b* scale parameters.

Total color difference (AE*) was calculated using Equation (1):

AB" = [ = L)+ @ =+ (b - @

where L}, ay, b; are color parameters of bread without okra flour (CTR_0%) and L;, aj,
b; the color parameters of breads containing okra flour. Color differences can be classified
as small difference (AE* < 1.5), distinct (1.5 < AE* < 3.0) and very distinct.
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2.8.5. Bread Volume

The volume (mL) of the final product was obtained by rapeseed displacement
according to Approved Method 10-05 [54].

2.9. Statistical Analysis

Data are presented as mean values + standard error of the mean. Data relevant to
sourdough and bread samples (protein content, EPS, TFAA, organic acids, I-glutamic acid)
were analyzed by one-way ANOVA followed by the Fisher’s LSD test. Moisture, aw, color,
firmness and specific volume were similarly compared using the Tukey post hoc test.
Results were considered statistically significant when the p-value was less than 0.05.
Pearson’s correlation coefficients were estimated to establish relationships between all the
data registered on the sourdough and between the technological and analytical data on
the bread samples. Statistical analyses were performed using Statistica 13 software (Dell
Inc., 2015).

The data were also analyzed by principal component analysis (PCA) in order to
investigate the correlation between the physico-chemical parameters of sourdough.
Multivariate analysis was performed using Unscrambler (version 10.1, CAMO, Oslo,
Norway).

3. Results and Discussion
3.1. Fermentation Studies

Data from microbiological analysis highlighted the presence of preexisting
contamination on the okra flours: the higher microbial load was found in O flour (6.52 +
0.24 log CFU/g), followed by S flour (5.47 + 0.26 log CFU/g) and F flour (4.19 + 0.72 log
CFU/g). However, the starter strains were able to dominate the natural microbiota during
sourdough fermentation, reaching values ranging from 9.16 to 9.74 log CFU/g (Table 3).
The highest bacterial count was registered for L. plantarum in F_LacPla. At the same time,
the ITM21B strain reached the lowest pH values in all sourdoughs with the highest TTA
values registered in O_LacPla. Acidification occurring in sourdough is one of the key
factors influencing gluten protein hydrolysis by activating proteolytic enzymes,
degradation of antinutritional compounds, flavor profile, bread staling, bread texture and
dough rheological properties, dextran functionality, improved shelf life and other features
[16].

Table 3. LAB load, pH and TTA values before (CTR) and after fermentation in the sourdough
formulations based on O, F and S flours.

Okra Flour Type Sourdough LAB (log CFU/g) + SE pH+SE TTA (mL NaOH 0.1 N) + SE
O_CTR_TO 516+0.26b 5.92+0.02a 1.00+0.10 a
Oven-dried O_WeiCib 9.33£0.08 cd 4.03+0.02 c 4.75+0.25 be
O_LeuMes 9.43+0.16 cd 3.96 +0.02 ¢ 445+0.55b
O_LacPla 9.26 +0.23 cd 3.57+0.01d 6.50 +0.50 d
F_CTR_TO 3.15+0.15a 6.00+0.02 a 0.65+0.15a
Freeze-dried F_WeiCib 9.45+0.26 cd 4.02+0.01c 4.65 +0.35 bc
F_LeuMes 9.57+0.33 cd 4.00+0.07 c 450+0.50b
F_LacPla 9.74+0.03 d 3.70+0.12d 6.00 +£1.00 cd
S_CTR_TO 3.15+0.15a 5.62+0.04b 0.95+0.15a
Sun-dried S_WeiCib 9.17+£0.13 ¢ 3.95+0.09 3.45+0.55b
S_LeuMes 9.16 £0.09 c 3.98 +£0.06 c 4.75+0.25 be
S_LacPla 9.26 + 0.06 cd 3.55+0.00d 4.40+0.10b

Within each column, values (mean + standard error of the mean) with different lower-case letters
are significantly different (p <0.05).
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All strains were able to produce the three acids monitored, with some differences in
the concentrations (Figure 1). L. plantarum ITM21B was the highest producer of lactic acid,
as already demonstrated in previous studies [44,55]. The strain Leuc. mesenteroides C43-2M
produced acetic acid in all sourdough samples at levels significantly higher than the other
strains, followed by W. cibaria, while strain ITM21B produced a lower amount only in
S_LacPla. Propionic acid was mainly produced in ITM21B samples based on F and O
flours. The production of short chain organic acids is related to the conversion of flour
carbohydrates in sourdough. These compounds contribute to prolonging the bread’s shelf
life, and the consequent acidification of the environment activates or inhibits many
enzymatic activities [16]. Proteolytic enzymes are activated by an acidic environment,
while starch-hydrolyzing enzymes are inhibited in the presence of low pH, thus resulting
in slower starch digestion and a reduced glycemic response [56]. In addition, acidification
enhances proteolytic activity, allowing protein breakdown and the consequent
production of free amino acids involved in the Maillard reaction and the formation of
volatile compounds in bread [57].

Considering that okra pods contain a large amount of polysaccharides in the form of
mucilage [58], which can exert technological and health activities and can be used as a
carbohydrate source during fermentation, their inclusion in the form of flour in
sourdough formulations can positively influence the fermentation process. At the same
time, during fermentation, LAB can produce exopolysaccharides, biopolymers with
technological and functional properties very similar to those of okra polysaccharides. The
content of these biopolymers was registered in all the sourdough samples, although the
formulation did not contain any additional carbohydrate source as a precursor of the
bacterial polymers. In fact, the EPS content in each sourdough formulation was
maintained at low levels although some differences were observed between samples
(Figure 2). A higher level of polysaccharides was observed in O_LeuMes samples
compared to the corresponding CTR. The Leuc. mesenteroides species is generally
associated with EPS production. Recently, Bi et al. [59] prepared an HMw dextran-
enriched sourdough using Leuc. mesenteroides ATCC 8293 as starter. The authors obtained
a final product with improved bread texture and volume due to the inhibitory effect of
dextran on gluten depolymerization in the acidic environment. These results confirm the
positive role that polysaccharides can exert in combination with LAB fermentation.

Glutamate or l-glutamic acid, considered as a taste-active compound that can be
produced during sourdough fermentation mainly in protein-rich matrices by glutamine
deamidation, thus improving the taste of the relevant final product [60,61], was produced
in all sourdough samples, while a lower amount (p < 0.05) was registered before
fermentation (Figure 2).
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Slight differences were observed in the content and profile of total proteins (Figures
3 and 4). The total protein content mainly decreased in the presence of the L. plantarum
strain in S_LacPla, although without a significant difference. The results were consistent
with the protein profile observed after fermentation (Figure 4). In fact, the HMw proteins
were mainly transformed into smaller proteins (Figure 4) and amino acids (Figure 5).
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Values with different lower-case letters are significantly different among all samples (p < 0.05).
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Figure 4. Protein profile of total proteins extracted from sourdough formulations before (T0)
(CTR_TO) and after (T14) fermentation (C43-11, C43-2M and ITM21B). Lane L, sizing ladder; CTRs
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weight areas as reported in paragraph 2.7.2.

The electrophoretic patterns of total proteins extracted from sourdoughs based on
each okra flour at the beginning (CTRs) and after 14 h of fermentation (T14) are reported
in Figure 4. At the beginning of fermentation, the banding patterns of the three okra flours
were similar and characterized by about 11 protein bands in the range of 14-64 kDa
distributed in Mw A1 (43.9 + 11.8%), Mw A2 (46.4 £14.9%) and Mw A3 (9.8 + 3.1%); major
peaks/bands (43.9% of the total) were displayed at 14.8 + 0.2 and 17 + 0.2 kDa and at 32.9
kDa only in S_CTR_TO (17.9% of the total). After 14 h of fermentation, modified protein
patterns were observed in all sourdough samples, showing about eight protein
peaks/bands in the 1441 kDa range and the complete disappearance of high molecular
weight proteins in Mw A3; the main peaks, accounting for 48.7% of the total, were still
present at 14.2 + 0.1 and 16.5 + 0.1 kDa. Although the protein patterns of sourdoughs
fermented by strains C43-11 and C43-2M were similar, a different increase in the
percentage of peaks/bands in Mw areas was observed depending on the strain and flour
type: in F_WeiCib and F_LeuMes sourdoughs, a 43.6% and a 27.1% increase in
peaks/bands in Mw A1 (14-30 kDa) was observed, whereas in O_WeiCib and O_LeuMes
sourdoughs, a 24.7% and 33.5% increase in peaks/bands in Mw A2 (21-42 kDa),
respectively, was detected; in sourdoughs based on S flour, slight increases were observed
in both areas and with both strains. When O flour was fermented with the L. plantarum
ITM21B strain, a higher proteolysis occurred than in the corresponding CTR, as six protein
peaks/bands were distributed in the 14-36 kDa range and a 24.9% increase in percentage
of peaks/bands in Mw A2 was observed; in F_LacPla and S_LacPla, eight protein
peaks/bands ranging from 14 to 41 kDa were visualized with an overall 25% increase in
the percentage of peaks/bands in Mw Al.

Samples fermented by the L. plantarum ITM21B strain, mainly sourdoughs containing
O and S flours, showed the most significant increase in TFAA content when compared to
CTR samples (Figure 5). In fact, fermentation induced the increase in TFAA mainly in
S_LacPla, O_LacPla, F_LeuMes and S_LeuMes. These compounds are fundamental for the
nutritional value of the product and for its flavor [57].

Considering the small amount of okra flour used to prepare sourdough, the changes
observed in the metabolite composition after fermentation suggested the potential impact
that this vegetable could exert on the quality of the food product. Data from the
fermentation test highlighted that organic acids, which play an important role in dough
acidification and in the subsequent activation of cereal enzymes and antimicrobial
properties, were produced differently in the sourdough formulations. In particular, lactic
and propionic acid production was mainly registered in sourdough started with L.
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plantarum with all okra flours, whereas acetic acid was only produced by Leuc.
mesenteroides and W. cibaria in all sourdough formulations. EPS, metabolites that could
have a role in the technological properties of the final product, were mainly produced
after fermentation in O_LeuMes sourdough, while the l-glutamate, a taste-active
compound that can be used in the substitution of salt, was produced in almost all
sourdough samples. The total protein content indicated the occurrence of proteolysis
during fermentation, mainly related to the conversion of HMw proteins into smaller ones
and into amino acids. Although no significant decrease in total protein content was
observed after fermentation, the electrophoretic pattern highlighted a modification of the
protein profile with the production of small proteins mainly in L. plantarum sourdough.
Finally, in the case of TFAA, associated to the flavor characteristics of bread, a higher
production after fermentation was observed in the O_LacPla, S_LacPla and S_WeiCib
sourdough samples. To detect any effect of okra flour addition, the nature of the starter
and dehydration process on the quality parameters monitored in the current study,
Principal Component Analysis was performed.
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Figure 5. Total free amino acids content in sourdough formulations, before (CTR_T0) and after
fermentation. Values with different lower-case letters are significantly different among all samples
(p <0.05).

3.2. Principal Component Analysis

To better discriminate the sourdough samples, PCA was performed on all data (pH,
TTA, EPS, organic acids, total protein content, TFAA, l-glutamic acid) (Figure 6). Figure
6a (loading plot) and the correlation analysis (Table 4) clearly show the negative
correlation between the content of total protein and that of small molecules related to the
secondary metabolism, such as TFAA. Conversely, the higher levels of TTA were
positively correlated with the higher protein content and then to the absence of
proteolysis. A positive correlation was observed between lactic acid and all parameters
except for total protein content and pH, indicating the key role of this compound in
sourdough metabolism. As shown in the score plot (Figure 6b), all control samples (before
fermentation) were located in the lower left part of the graph, corresponding to the higher
pH values as initial conditions. Fermented okra flours were discriminated mainly on the
basis of the starter strain. Sourdoughs fermented by W. cibaria C43-11 and Leuc.
mesenteroides C43-2M were more similar in composition with only minor differences
between samples. The F_WeiCib, F_LeuMes and O_LeuMes sourdoughs were grouped in
the right part of the graph because they were characterized by higher LAB counts, 1-
glutamic acid contents and TTA values. On the other hand, the acetic acid content mainly
distinguished S_LeuMes and O_WeiCib from the other samples. In the lower right part of
the graph, the sourdoughs inoculated with L. plantarum ITM21B strain were located and
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distinguished by the lower protein content, higher TFAA, EPS, and propionic and lactic
acids.

Among the sourdough formulations, since only small differences were observed
between the samples and the oven-drying technology is easily applicable in the food
sector, the sourdough based on the starter Leuc. mesenteroides C43-2M and O flour was
selected for the baking test, to further investigate the potential of this formulation in the
production of bakery products.
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Figure 6. Principal component analysis (PCA) of all data registered on sourdough. (a) Loading plot
indicating the correlation between variables (pH; TTA; LAB count; EPS; l-glutamic acid; organic
acids—lactic; acetic; propionic; total proteins; TFAA content). (b) Score plot indicating sample
distribution basing on the inoculated strains (triangle LacPla; circle LeuMes; square WeiCib;
diamond CTRs) used to ferment F (red symbol), O (green symbol) and S (black symbol) okra flours.

Table 4. Pearson correlation coefficients among analytical data (EPS, organic acid content, I-glutamic
acid, total proteins, TFAA, pH and TTA) registered on sourdough samples.

Lactic Acetic Total

pH TTA LABCount EPS Acid  Acid Propionic Acid L-Glutamic Acid Proteins TFAA

pH - =094 -0.95 -0.26 -0.76 -0.44 -0.52 -0.70 0.00 -0.49
TTA -094 - 0.91 0.17 0.75 0.33 0.57 0.72 0.04 0.40
LAB count -0.95 0.91 - 0.17  0.65 0.51 0.44 0.70 0.09 0.37
EPS -0.26 0.17 0.17 - 0.29 0.15 0.33 0.07 -0.16 0.32
lactic acid -0.76 0.75 0.65 0.29 - 0.11 0.76 0.32 -0.41 0.68
acetic acid -0.44 0.33 0.51 0.15 0.11 - -0.01 0.30 0.17 0.16
propionic acid -0.52 0.57 0.44 033 076 -0.01 - 0.19 -0.40 0.58
l-glutamic acid -0.70 0.72 0.70 0.07 0.32 0.30 0.19 - 0.22 0.11
total proteins 0.00 0.04 0.09 -0.16 -041 017 -0.40 0.22 - -0.37

TFAA -0.49 0.40 0.37 0.32 0.68 0.16 0.58 0.11 -0.37 -

Values in italic character indicate significant correlation (p < 0.05).

3.3. Bread Properties

The fermented sourdough prepared with Leuc. mesenteroides C43-2M, the O flour and
the unfermented O flour were used to prepare bread prototypes. The general appearance
of the bread samples is shown in Figure 7. The images show the suitability of sourdough
as an ingredient for yeast-leavened bread making. Table 5 reports the specific volume of
the bread loaf and the moisture content, aw, color and firmness of the crumb. The inclusion
of O_LeuMes sourdough in the bread formulation did not significantly modify the
moisture content of the crumb, with only minor changes in aw. The latter was probably
due to differences in batch preparation rather than a specific effect of the presence of okra
flour. As expected, despite the small amount of okra flour used in the formulation (0.6%
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and 1.21% O flour replacement), its presence led to significant color changes in the crumb,
with a decrease in the whiteness/lightness L* value and an increase in redness a* values,
as also shown by the AE values. This darkening effect was independent from the
occurrence of fermentation and was attributed to the brown color of the O flour. Previous
studies have reported the strong impact of oven-dried okra flour on bread color
[5,18,20,60].

It is noteworthy that the presence of okra induced a reduction in specific volume with
a concomitant increase in firmness. This was particularly evident in the bread sample
containing unfermented okra flour at the higher content (1.21%). This behaviour can be
attributed to the presence of okra components with high water binding capacity (e.g.,
pectin and other polysaccharides). These components may compete with other
ingredients for water, reducing the availability of water for gluten—starch network
formation and thus reducing dough elasticity, gas entrapment and leavening capacity.
This is known from the literature for other plant fibers [21,62-66]. Our data on volume
and firmness are consistent with the literature. Alamri [64] tested the effect of freeze-dried
okra extract incorporated into bread at 4, 7, 10 and 13%: firmness increased and color
became darker as a function of okra flour replacement. Recently, Bai-Ngew et al. [20]
investigated the effect of two okra powders obtained by microwave vacuum or a hot air-
drying process, incorporated in bread formulation at 1, 3 and 5%. The results indicated
that the specific volume of the bread was inversely correlated with the addition of okra.
The exception was the 1% replacement, which resulted in an improvement in specific
volume, the bread’s hardness and bioactive compound content.

As a naturally gluten-free (GF) material, okra flour can also be a valuable ingredient
in GF bread. Interesting results were obtained by Tufaro et al. [18] who produced oven-
dried okra powder (whole and fine) and incorporated it into the GF bread recipe at 1.5%
of dough weight in combination with hydrocolloids. The authors observed that okra
powders mainly affected the amount of water needed to achieve the desired dough
consistency and, to a lesser extent, the color of the final product, while the technological
traits were improved by the type of hydrocolloid used (hydroxypropyl methylcellulose
rather than Psyllium fiber).

In our study, the partial replacement of wheat flour with unfermented O flour at 0.6%
and 1.21% had some negative effects on bread quality as compared to the CTR_0% not
containing okra flour, while the fermentation process improved the specific volume and
reduced the firmness of bread containing the higher amount of sourdough (40%
corresponding to the 1.21% flour replacement) with respect to the CTR bread containing
unfermented O flour at the same level (Table 5). Actually, even if these are preliminary
results and a better understanding of the effects of okra flour type and percentage
replacement on bread characteristics there is needed, it seems that fermentation partially
reduced these detrimental effects, especially considering the O_40% bread This effect
could be due to the microbial activity leading to acidification of the dough and hydrolysis
of okra components as well as to the slightly higher content of EPS (Figures 8 and 9).

As reported by Nawab et al. [67], a polysaccharide such as dextran, which has a high
molecular weight and linear chain structure binds moisture, then acting as a plasticizer
that can limit starch swelling and gelatinization, thereby delaying the staling process and
prolonging shelf life. Dextran, a homopolysaccharide belonging to the exopolysaccharide
compounds produced by LAB, is frequently recovered in sourdough and is characterized
by several technological and health properties [29,68,69]. In particular, it can act as a
hydrocolloid in bread formulation, contributing to the improvement in the product’s
texture and sensory qualities, as well as meeting consumer demands for clean-label and
healthy foods [70]. Dough quality is highly dependent on gluten solubility, which
increases in an acidic environment. The presence of polysaccharides with a high water
holding capacity leads to increased formation of -structures, aggregation and abnormal
folding of gluten proteins [71]. Bi et al. [59] demonstrated the influence of the acidic
environment on the interaction between HMw dextran and gluten structure as the
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depolymerization of gluten aggregates caused by HMw dextran was weakened under
acidic conditions (pH = 3.6), while it was promoted in a weakly acidic environment (pH =
4.4-4.6). These results confirm the positive role that polysaccharides can play in
combination with a controlled LAB fermentation.

CTR_0% 0_20% 0_40% CTR_20% CTR_40%

Figure 7. Bread samples prepared using fermented or unfermented oven-dried okra flour (O).
CTR_0%, standard recipe; bread O_20%, bread O_40% (w/w flour weight), both containing
O_LeuMes corresponding to 0.6% and 1.21% (w/w) of O flour replacement; breads CTR_20% and
CTR_40% (containing not fermented O flour at 0.6% and 1.21% w/w, respectively).

Table 5. Moisture, aw, color and firmness of crumb and loaf specific volume of bread samples
prepared using unfermented O flour (CTR_20% and CTR_40%) or O_LeuMes sourdough (O_20%
and O_40%). CTR_0% is the standard bread without okra flour. Values with different lower-case
letters are significantly different among all samples (p <0.05).

Bread Samples Specific Volume (cm?/g) Moisture aw L* a* b* AE Flrt(rll?)ess
CTR_0% 4.08+0.81a 66.87+090a 0.64+0.01a 7148+3.16a -144+0.15d 1521+0.81a 1.13+0.81c
0_20% 230+0.81b 68.86 +0.71a 0.63+0.01ab 62.29+2.71b -1.18 £0.20c 1548 +0.99 a 9.92 1.87 +0.07 b
0O_40% 2.44+081b 65.87 +1.46 a0.61 +0.02 bca 57.65+2.17¢c -0.69+0.13a 15.23+0.92a13.851.75+0.03 b
CTR_20% 2.38+0.81b 65.66 +1.13a 0.60+0.01 bc 62.58 +2.52b -1.00+0.11 bc15.73 +0.74a 8.92 1.98+0.14b
CTR_40% 1.75+0.81 ¢ 68.74+1.78a 0.58+0.02c 60.77 +2.13 bc-0.85+0.11 ab16.10+0.54 a10.763.01 £ 0.11 a

The EPS content in bread was in agreement with other published data [72]. In our
study, the main aim of quantifying EPS was to compare breads containing sourdough
with those containing unfermented okra flour. As shown in Figure 8, significant
differences in the content of EPS were registered among the samples, with the highest
value observed in bread containing the fermented O_LeuMes sourdough at 40%. The
microbial contribution to the polysaccharidic fraction in bread can be hypothesized since
the amount of these compounds in both sourdough-containing breads (O_20% and
O_40%) was higher than controls containing unfermented okra flour (CTR_20% and
CTR_40%). The higher amount of polysaccharides in CTR_40% than CTR_20% could be
due to the higher concentration of okra flour. The differences between control samples
could be related to the presence of starch, mainly in CTR_0%, which led to an increase in
the carbohydrate content as quantified by the phenol-sulfuric acid method.

The content of I-glutamic acid was significantly higher in samples containing
sourdough and unfermented O flour, suggesting the contribution of okra flour to the
content of this amino acid. Actually, glutamic acid is one of the most abundant amino
acids in okra pods and particularly in seeds [73]. The protein content did not vary between
samples since okra pods are not particularly rich in these compounds while containing
many amino acids [3]. In fact, the amount of TFAAs was significantly higher in
sourdough-based bread samples. Among the organic acids, a higher level was observed
in the samples produced with O flour compared to the standard bread not containing okra
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flour (CTR_0%) (Figure 9). In particular, the lactic acid level was significantly higher in
bread produced with the sourdough, while the other acids were found to be at very low
levels in all samples.
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Figure 8. Total proteins (a), TFAAs (b), EPS (c) and l-glutamic acid (d) content in bread samples
prepared using unfermented (CTR_20% and CTR_40%) O flour or O_LeuMes sourdough (O_20%
and O_40%). CTR_0% is the standard bread without okra flour. Values with different lower-case
letters are significantly different among all samples (p < 0.05).
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Figure 9. Organic acids (lactic, acid and propionic) content in bread samples prepared using
unfermented (CTR_20% and CTR_40%) or O_LeuMes sourdough (O_20% and O_40%). CTR_0% is
the standard bread without okra flour. Values of each acid with different lower-case letters are
significantly different among all samples (p < 0.05).

In order to better understand the correlations between technological and analytical
measures registered on bread, Pearson correlation coefficients were calculated. The results
are presented in Table 6 and clearly show the significant correlation between total protein
content, TFAA, pH, TTA and almost all the technological parameters. All analytical
parameters, except for pH, were negatively correlated with specific volume, aw and
lightness L*, and positively correlated with firmness, moisture, redness a* and yellowness
b*, suggesting the influence of the microbial metabolism characterizing sourdough on
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bread quality attributes. In detail, specific volume was positively correlated with pH and
negatively correlated with all the other parameters. Actually, the acidification of bread
(low pH and high TTA) can have a negative effect on the specific volume and firmness of
bread due to the breakdown of the gluten protein [16].

Table 6. Pearson correlation coefficients between technological (color, moisture, aw, firmness of
crumb and loaf specific volume) and analytical (EPS, organic acids content, 1-glutamic acid, total
proteins, TFAA, pH and TTA) data relevant to bread.

Analytical Data
EPS Lactic Acid Acetic Acid Propionic Acid L-Glutamic Acid Total Proteins TFAA pH TTA
I L* -0.07 -0.18 -0.11 -0.93 -0.79 -0.58 -0.88 0.60 -0.30
7z a* 0.34 0.28 0.05 0.87 0.64 0.43 0.87 -0.50 0.41
i b* 0.09 0.42 0.18 0.09 0.14 0.30 0.28 -0.44 0.50
'ED moisture 0.07  -0.06 -0.27 -0.09 0.40 0.00 0.13 -0.54 0.17
é aw -0.47  -0.74 -0.24 -0.54 -0.36 -0.37 -0.79 0.71 -0.89
f.j firmness 0.33 0.65 0.19 0.48 0.54 0.41 0.79 -0.90 0.85
= -0.52 -0.30 -0.80 -0.79 —0.72 -0.94 0.95 -0.66

specific volume —0.01

Values in italic character indicate significant correlation (p < 0.05).

4. Conclusions

The data obtained in the current study suggest that the valorization of okra pod flours
by fermentation in the sourdough process represents a biotechnological strategy that can
ameliorate the technological disadvantages caused by the use of unprocessed okra flour
in bread making, paving the way for the production of innovative fermented food
ingredients based on this precious vegetable. The fermentation process allowed the
content of exopolysaccharides (EPS), total free amino acids (TFAA), I-glutamic acid and
organic acids to be increased in the sourdough and the incorporation of okra flour into the
bread-making process to be simplified. Bread containing the Leuconostoc mesenteroides
wheat-based sourdough with 9% oven-dried okra flour added at 40% w/w in its
formulation, corresponding to a replacement level of okra flour of 1.21%, was improved
in nutritional and technological properties, mainly for the content of TFAA, EPS and I-
glutamic acid, and showed an improved specific volume and firmness with respect to the
unfermented oven-dried okra flour bread.
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Abbreviations

S.No Notation Description

1 O oven-dried okra flour

2 F freeze-dried okra flour

3 S sun-dried okra flour

4 DY dough yield

5 CTR control

6 O_CTR_TO not inoculated mixtures, containing O flour, before fermentation

” O WeiCib sourdough inoculated.with W. cibaria C43-11 strain, containing O flour,
after 14 h of fermentation
sourdough inoculated with Leuc. mesenteroides C43-2M strain, containing

8 O_LeuMes .
O flour, after 14 h of fermentation

9 0. LacPla sourdough inoculated with L. plantarum ITM21B strain, containing O

flour, after 14 h of fermentation

10 F_CTR_TO notinoculated mixtures, containing F flour, before fermentation
sourdough inoculated with W. cibaria C43-11 strain, containing F flour,
after 14 h of fermentation

sourdough inoculated with Leuc. mesenteroides C43-2M strain, containing F
flour, after 14 h of fermentation

sourdough inoculated with L. plantarum ITM21B strain, containing F flour,
after 14 h of fermentation

14 S_CTR_TO notinoculated mixtures, containing S flour, before fermentation
sourdough inoculated with W. cibaria C43-11 strain, containing S flour,
after 14 h of fermentation

sourdough inoculated with Leuc. mesenteroides C43-2M strain, containing S
flour, after 14 h of fermentation

sourdough inoculated with L. plantarum ITM21B strain, containing S flour,
after 14 h of fermentation

11 F_LeuMes

12 F_LeuMes

13 F_LacPla

15 S_WeiCib

16 S _LeuMes

17 S LacPla

18 Mw molecular weight
19 HMw high molecular weight
20 GF gluten-free
21 CTR_0% bread not containing okra flour, produced with standard recipe
bread containing 20% of O_LeuMes (w/w flour weight), corresponding to
22 0_20%
0.6% (w/w) of O flour replacement
23 O 40% bread containing 40% of O_LeuMes (w/w flour weight), corresponding to
) (]

1.21% (w/w) of O flour replacement
24 CTR_20%  bread containing not fermented O flour at 0.6% w/w
25 CTR_40%  bread containing not fermented O flour at 1.21% w/w
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