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Figure 2. Light green and lugol’s iodine staining images of soy bread with 16% protein content (S37),
faba bread with 16% protein content (F50), fermented faba bread with 16% protein content (FF50).
Green represents protein and dark blue is starch (mainly amylose).

3.3. Textural Properties

Hardness, chewiness and cohesiveness of the breadcrumb as a function of fermentation-induced
changes and storage time are presented in Figure 3. Fermentation of faba flour prior to bread making
significantly increased crumb hardness (F50 (584 g) versus FF50 (817 g). Air cell diameter, air cell
wall thickness and porosity influence the textural properties of baked products [22]. Hardness was
negatively related to bread volume, total porosity and pore size. Negative correlation between crumb
hardness and volume has also been reported by others [20]. In the current study, the changes in protein
structure were proposed to be the key factor responsible for the structural and textural differences as
the amount of other structuring agents such as gums, emulsifiers and yeast was constant. Beyond 15%
(flour basis) soy flour addition resulted in a hard, compact and low loaf volume for GF bread based
on rice and cassava flour [49], whereas soy flour substitution levels lower than 12.5% gave structural
failure (e.g., internal cracks). Faba bean protein has water holding capacity similar to soy protein
but superior whippability and foam stability [50] which might explain better structural and textural
properties of faba breads over soy bread. However, solubility of faba bean protein is reduced at pH
levels 4-5. After 48 h of fermentation, the pH of faba flour was 4.1 but before freeze drying it was
adjusted to higher pH levels around 5.5 by using sodiumbicarbonate.

Earlier, freeze drying of faba bean protein isolates was shown to reduce the solubility and
emulsification properties in protein/water suspension with a maximum 4% protein content compared
to spray-dried counter parts [51]. The effect was stated to be lower when protein content increased [51].
As the protein content in this study is much higher (16% of flour mix), the effect of freeze-drying on
protein functionality can be expected to be minor compared to the effects caused by fermentation.
The TTA values of bread doughs after proofing was 4.66 + 0.16, 5.53 + 0.05, 11.04 + 0.15 mL of NaOH
0.1 M/10 g of dough for S37, F50 and FF50 respectively, whereas the pH values were 6.5, 6.6 and 5.6.

Degradation of the protein matrix by acidification and weakening of the structure reduced the
carbon dioxide holding capacity of dough, lowering both the bread volume and porosity that further
increased hardness. For all breads, hardness value significantly increased the next day. Chewiness of
all faba breads was lower than soy bread (Figure 3). Chewiness reduced after 24 h storage for all breads
despite the increase in hardness, which could be linked to the pronounced reduction in cohesiveness.
Faba breads were less cohesive than soy bread (Figure 3). Soy crumb was wet and had a more plastic
structure (Figure 1a), which could explain the higher cohesiveness value. Fermentation slightly but
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significantly reduced the cohesiveness of faba breads when they were fresh, but no significant difference
was observed after 24 h storage.
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Figure 3. Textural parameters of bread samples after 1 h and 24 h of baking.

3.4. Sensory Properties

The general appearance of faba breads was better than soy bread in terms of evenness, shape and
colour intensity of bread (Table 2). No significant difference was caused by fermentation. Crumbliness,
evenness of pore size and springiness of crumb were similar for all breads. However, F50 bread made
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with unfermented faba flour had the highest score for crumb softness. Intensity of colour was similar
for all breads (Table 2), whereas fermentation of the faba flour prior to bread making increased the
intensity of crumb flavour. During lactic acid fermentation proteolysis, acidification and formation of
volatile compounds influenced the flavour profile [21].

Table 2. Sensory properties of bread samples (1 h after baking).

$37 F50 FF50
Appearance
Evenness of bread 22+072 3.6+06P 35+03P
Shape of bread 24+092 37+05P 3.8+05P

Intensity of bread colour 25+04° 35+02P 40+03P
Texture of the crumb

Crumbliness 20+0.12 23+042 19+04°
Evenness of the pore size 35+022 3.3+03% 33+02°2
Softness of the crumb 3.3+032 42+02¢ 30+082
Springiness of the crumb 3.7+07%2 39+042 37+052
Toughness 17+03%2 13+03% 17+0.7%
Crumb flavour and colour
Intensity of the colour 28+052 25+072 35+072
Intensity of the flavour 28+05%  25+08%  35+07%

Means in the same row with different letters are significantly different (p < 0.05).

3.5. Nutritional Characteristics

Bread with fermented faba bean flour (FF50) had a significantly lower hydrolysis index (76 + 1 €)
compared to S37 soy bread (93 + 4 b). However, there was no significant difference of HI values between
FF50 and F50 (83 + 2 bc). Processing can induce macromolecular interactions between starch and
components of the food matrix reducing the availability of starch for digestive enzymes. The chemical
changes and interactions between starch-protein that occur in the presence of lactic acid have been
suggested to lower the rate of starch hydrolysis [13]. Lactic acid fermentation reduced the in vitro
starch hydrolysis rate for sorghum and teff sourdough bread whereas it increased for quinoa and
buckwheat sourdough breads [46,52]. The authors attributed the varying effect of fermentation to
the structural factors such as increased loaf volume and higher porosity in quinoa and buckwheat
sourdough breads [46,52].

Proteins are key components, which contribute to the nutritional value of foods. The quality of
proteins is estimated through their amino acid composition, which, combined with protein digestibility,
may predict the nutritional value. In vitro digestibility gives information about the stability of protein
hydrolyzates, and resistance to digestion. Fermentation increased the in vitro protein digestibility of
breads from 53.9% to 72.3% (Table 3) to values even higher than that of soy bread (64.8%) (Table 3). This
might be attributed to proteolysis during LAB fermentation [28]. Furthermore, fermentation increased
almost all the chemical scores of faba bread to values higher than those of soy bread. All samples
contained essential amino acids and the chemical score indicated that Methionine and Cysteine were,
respectively, the first and second limiting amino acids. EAAI indicates the ratio of essential amino
acids of the sample compared to the reference. BV estimates the nitrogen potentially retained by the
human body after consumption. Both EAA and BV indexes were significantly higher for fermented
faba bread (FF50) compared to unfermented faba bread F50 and soy bread (S37). The Protein Efficiency
Ratio (PER), which reflects the capacity of a protein to support the body weight gain, increased by
fermentation from 32.7 to 35.7 but was still lower than soy bread (37.1). Among the indexes that are
used to evaluate the nutritional value of foods, only the NI combines qualitative and quantitative
factors. Indeed, NI is considered a global predictor of the protein quality. The Nutritional Index (NI) of
faba bread (F50, 1.57) increased by fermentation (FF50, 2.47) to levels even higher than the soy bread
(537, 2.1). Fermentation markedly increased protein bioavailability.
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Table 3. Nutritional indexes of breads.

S37 F50 FF50
In vitro protein digestibility (%) 64.8+0.1¢ 539 +0.2¢ 723 +02°
Chemical score (%)

Histidine 88+ 20 85+1°¢ 92 +22

Isoleucine 72+£2% 65+2b 64+2b

Leucine 96 +12 88 +2P 96 +£22

Lysine 105+ 2P 11332 114+12

Cysteine 35+2€ 33+1°€ 51+2%2

Methionine 27 +1°¢ 29+1¢ 32+1b

Phenylalanine + Tyrosine 58 +1° 49+1°¢ 63+2%

Threonine 74 + 3P 78 +22 78+12

Valine 70+£22 69 £22 70+£22

Tryptophan 35+1¢ 44+1P 62+2%

Sequence of limiting EAA

Methionine Methionine Methionine

Cysteine Cysteine Cysteine
Tryptophan Tryptophan Tryptophan

Protein score (%) 27 +2°¢ 29+1°¢ 32+2b
Essential Amino Acid Index (EAAI) 61.5+04P 584+03¢ 63.4+04°
Biological Value (BV) 55.4 +0.3P 51.9+0.1°¢ 574+ 042
Protein Efficiency Ratio (PER) 371+04%2 32.7+0.3¢ 357 040
Nutritional Index (NI) 2.1+0.07°¢ 157+0.124 247 +0.08P

Data are expressed as the mean of the results collected in two independent baking tests. >4 Values in the same row
with different superscript letters differ significantly (p < 0.05).

4. Conclusions

The present study showed that fermentation can be used as a modification tool particularly for
improving the nutritional properties of faba bean flour. Fermentation of faba bean flour increased
in vitro protein digestibility (72.3% versus 53.9%) of gluten-free faba breads. EAA and BV indexes as
well as PER were significantly increased for breads made with fermented faba bean flour. Furthermore,
fermentation increased the NI of faba bread (2.47) to levels even higher than the soy bread (2.1).
No significant difference was caused by fermentation on the general appearance of faba breads
(evenness, shape and colour intensity). A sensory panel indicated that crumbliness, evenness of pore
size and springiness of crumb were similar for all breads.

Generally, gluten-free products are inferior in their nutritional properties as they are mainly high
in carbohydrates and low in protein and dietary fibre. The incorporation of fermented faba bean
flour will not only improve nutritional quality, as stated above, but also enable a source of protein
(a minimum of 12% of the energy value of the food is provided by protein) or high-protein (a minimum
of 20% of the energy value of the food is provided by protein) claims in gluten-free products if used as
a protein ingredient. The gluten-free faba bean bread of this study would be qualified for “source of
protein” and “source of fibre (at least 3 g of fibre per 100 g of product)” claims.
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