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Received: Natural non-wheat alternatives can improve the nutritional and health properties of baked
21 August 2024 foods during dough fermentation. However, the effects of carob on these parameters are
Received in revised form: unclear. Therefore, the present work aimed to comparatively examine the effects of carob
30 September 2025 and wheat flours on the nutritional, health, and pre-bake rheological properties of
Accepted: spontaneously fermented sourdough. Five sourdough compositions (SC1 with 100% carob

2 October 2025 flour; SC2 with 75% carob flour; SC3 with 50% carob flour; SC4 with 25% carob flour;

and SC5 with 100% wheat flour) were prepared and fermented for 5 d at 30°C. The pH,

Keywords temperature, titratable acidity (TTA), phytic acid content (PAC), levels of vitamins B, B,
carob, B3, and Bg, phenolic (TPC) and flavonoid (TFC) contents, antioxidant capacity (AC), and
fermentation, identification of lactic acid bacteria (16S rRNA sequencing) were evaluated. Additionally,
health, the effect of fermented dough on the viability of human 1929 fibroblast and HCT-116
nutrition, colon cancer cell lines was examined using in vitro cytotoxicity (MTS) assay. Besides, the
sourdough,

pre-baking farinograph and extensograph indices of flours were evaluated. Compared with

wheat wheat and wheat-carob blends, SC1 with 100% carob flour exhibited a pH of 4.2 at 21.8°C,
lower TTA (2.1-fold) and PAC (3.4-fold), and higher B-group vitamin (1.9-fold), TPC and
TFC (4-fold), and AC (1.2-fold) levels. Lactiplantibacillus plantarum was the
predominant species in sourdoughs. The cytotoxicity assay demonstrated that sourdoughs
exerted cytotoxic effects on HCT-116 cells (p < 0.05) but not on 1.929 cells. The addition
of carob flour (5, 10, and 15%) increased the water adsorption, dough development,
stability time, resistance to extension, and ratio number, but decreased energy and
extensibility. Thus, carob flour can be used as a non-wheat ingredient in spontaneously
fermented sourdough for preparing baked goods due to its high nutritional and health
values. However, further studies are needed to understand the biochemical function of
sourdough prepared with carob flour, and to validate the final product.
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Introduction acid present in cereal grains and legumes (Yildirim

and Arici, 2019). Sourdough can be produced

Sourdough preparation is a fermentation
process that provides products with health,
nutritional, and sensorial characteristics. This process
increases free amino acid and bioactive contents,
improves rheological properties, and decreases pH
(Fekri et al., 2024). Additionally, this process
decreases the levels of phytic acid or phosphorus
compounds, and myoinositol and hexaphosphoric
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traditionally or industrially (Eraslan et al., 2023) by
spontaneous fermentation (Type-1; yeasts and lactic
acid bacteria (LAB) present in the flour) or starter-
mediated fermentation (Type-2; a starter culture
inoculated) mixture (Sanchez-Adria ef al., 2023).
The type of raw material used in sourdough
preparation determines the nutritional, sensorial, and
textural properties of baked products (Cardinali et al.,


mailto:marwatainsa96@gmail.com

1081 Tainsa, M., et al./IFRJ 32(4): 1080 - 1098

2022). In the bakery industry, sourdough is used as a
leavening agent to reduce the need for additives
(Fernandez-Peldez et al., 2020). Various raw
materials can be used to prepare sourdough, including
cereals, pseudocereals, and legumes. Globally, wheat
(Triticum aestivum L.) is a typical cereal used in
sourdough fermentation. The global annual
production of wheat was 760 million tons in 2020.
Sourdough prepared from wheat increases proteolytic
activity, contributing to enhanced gliadin hydrolysis
(Tomi¢ et al., 2023). The demand for healthy and
nutritional foods has recently increased. Thus, there
is a need to develop alternative methods of mixing
various non-wheat ingredients with wheat flour
(Cakir et al., 2021).

The carob tree (Ceratonia siligua L.) has
contributed to the Mediterranean basin’s economy
since ancient times, primarily as a food source for
livestock (Martins-Lougdo et al., 2024). Additionally,
the carob tree has a long history of usage as a food
source, dye, and medicine (Ikram et al., 2023).
Previous studies have reported the importance of the
carob tree in agronomy, cultivation, and industrial
processing owing to its nutritional benefits (Gioxari
et al., 2022). Carob, an underutilised fruit tree
species, is a potential alternative non-wheat
ingredient for sourdough fermentation (Lima et al.,
2023). For instance, the seeds of carob are used as a
substitute for cocoa powder (lkram et al., 2023).
Carob is rich in bioactive compounds, fibre (essential
for digestive health) (Papaefstathiou et al., 2018), and
antioxidants (gallic acid, flavonoids, and tannins)
(Ydjedd et al., 2017; Christou et al., 2021; Laaraj et
al.,  2023). The low glycaemic index
(antihyperglycemic) of carob is beneficial for patients
with diabetes (Azab, 2022; Aydin et al., 2022; Ayad
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et al., 2023). Additionally, carob exerts anti-
dyslipidaemic effects, decreasing the risk of
cardiovascular diseases (Martinez-Villaluenga et al.,
2018; Raskovi¢ et al., 2023; Brassesco et al., 2023).

Carob is a promising new frontier in modern
food technology, especially fermentation (Igreja et
al., 2021). For instance, carob is reported to improve
the quality of yoghurt and ice cream (Kulcan et al.,
2021), gluten-free bread formulations (Tsatsaragkou
et al., 2023), lactic acid production (Azaizeh et al.,
2022), and inulinase synthesis (Ilgin et al., 2019).

Fermenting sourdough prepared with wheat
and carob can meet the demands of consumers for
high-value-added products and decrease the burden
on the food industry (Novotni et al., 2020). The
baking industry is continuously exploring other
sources of flour. Thus, evaluating the effects of carob
flour on sourdough fermentation can aid in its
application to improve the healthy, nutritional, and
techno-functional properties of baked goods.
Therefore, the present work aimed to examine the
effect of carob and wheat flours on the nutritional,
health, and pre-baking rheological properties of
spontaneously fermented sourdough.

Materials and methods

Materials

The wheat grains (Mawna variety) were
obtained from the Cooperative of Cereals and Pulses
in Tipaza, Algeria. The carob sample was harvested
from an ancient tree in Tipaza in 2023 (Figure 1). All
the samples were stored in a dark room at 20 to 25°C
until further analysis. Ethical approval was not
required for this study.

Figure 1. Wheat flour (A) and carob flour (B).
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Preparation of flours and sourdoughs

The burnt and contaminated wheat and carob
grains, as well as grains with physical impurities,
were discarded. The samples were then ground using
a cylinder tool. The wheat flour (400 g) and carob
flour (400 g) were mixed with 600 mL of sterile
purified water (SPW) (each 1 kg) in 1000-mL
beakers. The mixture was vigorously stirred for 5 - 10
min manually. The beakers were covered with
aluminium foil and incubated at 30°C for 24 h. Next,
the dough was kneaded for 1 min and incubated at

30°C for 5 d. This is the standard method adopted by
the industry as it simplifies the multiple-step type |
sourdough preparation (Hernandez-Figueroa et al.,
2023). Five sourdough compositions (SCs) were
prepared (Table 1). They were supplemented with 50
g of wheat flour, with or without carob flour, and
SPW once every 24 h. The final sourdough samples
were kneaded for 1 min and stored in 1000-mL
beakers at 4°C for further analyses (Lim et al., 2017).
The changes in sourdough samples after daily
supplementation were photographed.

Table 1. Sourdough compositions (SC).

Sourdough Initial composition Supplementation
sample 1% day (every 24 h for
1+54d)
C W SPW C W SPW
No. Composition (%
P ¢ (2 (4] (mL) (4] e (mL)
SC1 100% C 400.0 - 600.0 50.0 - 70.0

SC2 75% C +25% W 300.0
SC3 50% C + 50% W 200.0
SC4 25% C+75% W 100.0
SC5 100% W -

100.0 600.0 37.5 12.5 60.0
200.0 600.0 25.0 25.0 60.0
300.0 600.0 12.5 37.5 70.0
400.0 400.0 - 50.0 50.0

SC: sourdough composition; C: carob flour;

Determination of pH, temperature, titratable acidity
(TTA), and phytic acid content (PAC)

The pH and temperature were measured once
every 24 h using a pH and temperature meters (Hanna
Edge pH, RI, USA), respectively, which were directly
inserted in the dough (Ognean, 2015).

The TTA was determined by homogenising 10
g of the dough sample with 90 mL of boiled distilled
water for 20 min. The pH of the homogenate was
measured using a pH meter. The suspension was
titrated against 0.1 N NaOH (Merck 221465,
Darmstadt, Germany) solution to a final pH value of
8.5 with phenolphthalein (1.0 g/100 mL) (Merck
319236) as the indicator. The TTA was defined as the
amount of NaOH consumed (mL) (Dapcevié-
Hadnadev et al., 2022).

The PAC was determined following the
methods of Najafi et al. (2012). The dough sample (2
g) dried at 30°C for 16 h in an incubator (Niive EN
120, Ankara, Tiirkiye) was extracted using 40 mL of
HCl (Sigma Aldrich 07102.2.5L, Steinheim,
Germany) solution (2.4%, w/v) at 20 to 25°C for 3 h.
The suspension was vacuum filtered using a
Whatman Grade 1 filter paper (Merck
WHA1001090). The filtrate (1 mL) was pipetted into
a 25-mL flask, mixed with 1.0 mL of EDTA (Merck

W: wheat flour; and SPW: sterile purified water.

324504), and diluted up to 25 mL with distilled water.
The diluted solution was injected into the ion
exchange column (2 g of Purolite A-400 with a
particle size of 16 - 50 mesh; Hounslow, UK). After
washing with 15 mL of 0.7 M NaCl solution, the
filtrate was digested using a Kjeldahl apparatus
(InKJel M, Dusseldorf, Germany) with concentrated
sulphuric acid (H>SO4) (Merck 112080.2500) and 3
mL of concentrated nitric acid (HNO;) (Merck
309079). The digested solution was allowed to cool
at room temperature and transferred to a 50-mL
volumetric flask. The sample was mixed with 2 mL
of ammonium molybdate [(NH4)>M004] (Merck
277908) solution, 1 mL of sulfonic acid reagent, and
diluted up to 50 mL with distilled water. A blank
sample was prepared. The phosphorus level was
determined by examining the absorbance of the
reaction mixture at 640 nm using a BioTek 800 TS
spectrometer (Santa Clara, USA). The PAC was
calculated using Eq. 1:

Phytic acid (mg/g sample) =
((mean K) X Agample X 20)/(0.282 x 1,000)  (Eq. 1)

where, A = absorbance of the solution at 640 nm, K =
standard phosphorus concentration (ug/mL)/Asandard,
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and mean K = mean of all K values determined for
the standard solutions.

Determination of vitamins B, B2, B3, and Bs

The fermented sourdough (1 g) was weighed
on an analytical balance (Sartorius Secura2131S,
Gottingen, Germany) and pretreated with 26 mL of 1
N NaOH (Merck 221465) for 1 h at 50°C (Memmert
UNSS5, Schwabach, Germany). The pH of the solution
was adjusted to 5.6 using HCl (Sigma Aldrich
07102.2.5L). The solution was centrifuged at 4,000
rpm for 5 min (Mixtasel-BL, Barcelona, Spain). The
supernatant was subjected to liquid-liquid extraction.
The water fraction was initially double-filtered
through 0.47-um polyvinylidene difluoride (PVDF)
syringe filters, followed by filtration through 0.22-pum
PVDF syringe filters. The filtrate (10 plL) was
injected into the high-performance liquid
chromatography system (Shimadzu Nexera-I LC-
2040-C, Buckinghamshire, UK) to analyse water-
soluble vitamins B;, B, Bs (nicotinic acid and
nicotinamide), and Bs (pyridoxal, pyridoxine, and
pyridoxamine) (Mateeva et al., 2023).

Determination of total phenolic content (TPC), total
flavonoid content (TFC), and antioxidant capacity
(4C)

Sourdough (200 mg) was mixed with 4 mL of
acidified methanol (Merck 106009) solution
(HCl/methanol/distilled water; 1:80:10, v/v) for 2 h
on an orbital shaker (Esco OrbiCult, Friedberg,
Germany) and centrifuged (Himac CR22N, Tokyo,
Japan) at 4°C and 3,000 rpm for 10 min. The
supernatant was diluted up to 4 mL with distilled
water and stored at -20°C for further analyses (Beta
et al., 2005; Banu et al., 2010). After leaving the
samples undisturbed at room temperature for 75 min,
the absorbance at 765 nm was measured using a
spectrophotometer. TPC was expressed as
chlorogenic acid equivalents in ug/g of sample dry
basis (db) using the Folin-Ciocalteu reagent (Merck
109001), following the methods of Singleton and
Rossi (1965). TFC was determined using the
aluminium chloride (AICl3) colorimetric method
(Dewanto et al., 2002). The absorbance of the
reaction mixture at 510 nm was measured.

Sourdough (500 mg) was mixed with 5 mL of
methanol on an orbital shaker for 2 h. The sample was
centrifuged at 4°C and 3,000 rpm for 10 min. The
supernatant was diluted up to 5 mL and stored at

-20°C (Beta et al., 2005). AC was determined using
1,1-diphenyl-2-picrylhydrazyl (DPPH) reagent (Hara
et al., 2018). The absorbance at 517 nm of the
samples was measured.

Isolation and identification of LAB

Homogenised sourdough (10 g) was mixed
with 90 mL of physiological saline solution (PSS)
(Merck Millipore 146193) to prepare serially diluted
(102 and 107) samples. The diluted suspension (1
mL) was transferred to Lactobacillus Agar De Man
Rogosa (MRS Agar) (Merck 110660.0500) and
incubated at 37°C for 24 - 48 h (Carl Roth INS55,
Karlsruhe, Germany). The morphology of suspected
LAB colonies was examined under a Leica DMil
microscope (Wetzlar, Germany). To ensure the purity
of the suspected colonies, MRS agar was inoculated
into broth tubes and activated at 37°C for 24 h under
aerobic/anaerobic conditions. The matte-cream-
colored colonies were considered LAB strains. Pure
cultures were subjected to Gram-staining. Gram-
positive cocci and bacilli were observed under the
light microscope and subjected to the catalase test.
Catalase-negative strains were selected (Dogan and
Tekiner, 2019).

The genomic DNA was extracted from single
colonies using the Qiagen DNeasy blood and tissue
kit (Hilden, Germany), following the manufacturer’s
instructions. The presumptive isolates were identified
by amplifying and sequencing the 16S rRNA gene
using a  universal  primer  pair  (f-5'-
AGAGTTTGATCMTGGCTCAG-3' and r-5'-
CTGCTGCSYCCCGTAG-3"). Eurofins Genomics
(Ebersberg, Germany) sequenced the amplicons. The
sequences were compared using the Basic Local
Alignment Search (BLAST) tool in GenBank of the
National Centre for Biotechnology Information
(NCBI) database
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) (Kuhnert et
al., 1996; Rehagel et al., 2022).

In vitro cytotoxicity (MTS) test

The cells were cultured in Dulbecco’s
Modified Eagle Medium (Invitrogen 11965092, UK)
supplemented with 4.5 g/ D-glucose, 10% foetal
bovine serum  (Invitrogen), and 1% of
penicillin/streptomycin/amphotericin (Invitrogen) at
37°C and 5% CO; in a humidified incubator (Niive
EC160, Ankara, Tiirkiye). The cells at approximately
80% confluency were trypsinised using a 0.25%
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trypsin/EDTA solution (Invitrogen 25200056). The
cell count was determined using a haemocytometer
after centrifugation (Abdik, 2022).

The sample was prepared according to UNI EN
ISO 10993-5 (AOAC, 2009a) and 10993-12 (AOAC,
2009b). Homogenised sourdough (10 g) was mixed
with 90 mL of PSS (Merck Millipore 146193) to
prepare serially diluted (10 and 10%) samples. The
diluted suspension (1 mL) was transferred to
Lactobacillus Agar De Man Rogosa.

Human L929 fibroblast and HCT-116 colon
cancer cells were seeded in 96-well plates at a density
of 5 x 10° cells per well. The culture medium was
supplemented with 200 uL of prepared sourdough
samples. The cells were incubated at 37°C for 24 and
48 h. The viability of cells was determined using the
MTS assay (5-(3-carboxymethoxyphenyl)-2-(4,5-
dimethylthiazol)-3-(4-sulfophenyl) tetrazolium),
following the manufacturer’s instructions (Promega
CellTiter96, Southampton, UK). The samples were
incubated with 10 uL. of MTS reagent at 37°C for 1
h. The optical density at 495 nm was measured using
an Agilent Biotech 800 TS (Santa Clara, USA)
microplate reader (Abdik, 2022). Each assay was
performed five times. The effect was considered
cytotoxic when the percentage cell viability (CV) was
< 70% and non-toxic when the percentage CV was >
70% (Cannella et al., 2020).

Farinograph and extensograph indices of C-W flours
Flour compositions

Five percent increasing doses of carob-
supplemented flour (0% (containing only wheat
flour), 5, 10, and 15% (w/w)) were prepared as
described by Mis et al. (2012) to eliminate the effect
of the dough water content on its farinograph and
extensograph properties.

Farinograph indices

The farinograph indices of the wheat and
wheat-carob blends during the kneading process were
tested using a Brabender Farinograph, following the
Cereals and Grains Association (formerly known the
American Association of Cereal Chemists) AACC
method no: 54-21 constant dough method (AACC,
2000). At 14% base moisture content, wheat flour
with or without carob flour was transferred to the 300
g farinograph mixing bowl. Distilled water was added
to the bowl using a burette (Table 1). As the blend
was mixed to obtain dough, the farinograph
consistency (BU) against time (min) was recorded for

30min. The water absorption (WA) (%),
development time of dough (DT) (min), and stability
time (ST) (min) were determined (Novotni et al.,
2020).

Extensograph indices

A Brabender extensograph-E with a large
mixer-S 300 H (for 300 g of flour) was utilised to
determine the extensograph characteristics of the
dough and its resistance following the standard
AACC method (no. 54-10) (AACC, 2000). The
extensibility (mm), resistance to extension (BU), ratio
number, and energy (cm?) were determined at 45, 90,
and 135 min (Shongwe et al., 2022). The farinograph
and extensograph indices were measured in three
replications.

Statistical analysis

Data were expressed as mean + standard
deviation (SD) calculated using the MSOffice Excel
Program. Means between groups were compared
using One-way analysis of variance, followed by
Tukey’s honestly significant difference test using
SPSS 19 software (IBM Corporation, USA).
Differences were considered significant at p < 0.05.

Results

The images of sourdough samples during daily
supplementation are shown in Figure 2.

pH, temperature, TTA, and PAC

The pH, temperature, TTA, and PCA of
sourdough samples during fermentation are shown in
Table 2.

After 5-d fermentation, the pH of SC1 and SC5
decreased by 18.8% (from 5.0 to 4.0; 4.2 £ 0.1) and
37.9% (from 5.8 to 3.6; 4.1 = 0.5), respectively.
Meanwhile, SC2, SC3, and SC4 exhibited mean pH
values of 43 = 0.7, 40 £ 04, and 43 £ 0.8,
respectively.

The temperature of SC1, SC2, SC3, SC4, and
SCS5 did not significantly vary (21.8 +£0.5,22.4+ 0.5,
21.8+£0.4,21.9+0.5, and 21.9 = 0.5°C, respectively)
during fermentation.

The mean TTA wvalues (in mL NaOH
consumed), which indicate the capacity of the
samples to release acids during fermentation of SC1,
SC2, SC3, SC4, and SC5 were 7.1 £ 1.2 (from 5.5 to
8.8 mL, 60% increase), 9.0 + 2.7 (from 4.2 to 11.9
mL, 183% increase), 12.5 + 4.1 (from 5.0 to 16.0 mL,
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SC1

Table 2. Results of pH, T, TTA, and PAC.

SC2

SC3

SC4

SC5

Figure 2. Evolution of sourdough samples (SCl to SC5) during daily refreshments.

C P US e Fm;,intatw;r?me (jf?) FTR iA% ) MedianSD

pH 5.0 42 42 43 43 40  -18.8 42+0.1°

sc; T 24 22 212 215 222 221 33 21.8+0.5°
TTA 5.5 6.0 62 66 78 88 60.0 704128

PAC 120 108 60 58 41 35 706 6.0 +2.9°

pH 59 5.9 57 56 46 45 239 43+0.7¢

scy T 214 220 215 220 226 224 5.6 224405
TTA 42 6.0 61 101 107 119 1833 9.042.7¢

PAC 193 1494 1225 71 66 64  -66.8 6.7+ 0.3"

pH 49 4.6 4.1 37 38 39 206 4.0 + 0.4¢

sc3 T 214 221 211 218 220 22.1 33 21.8+0.4°
TTA 5.0 6.0 109 139 156 160 2200 12.5+4.12

PAC 219 134 88 75 54 54 755 8.143.3h

pH 62 6.2 53 44 44 43 303 43+0.8

scq T 214 22 220 226 225 219 5.1 21.9+0.5"
TTA 24 6.0 134 148 150 155  545.8 12.9 + 4.0¢

PAC 389 253 246 151 109 101  -73.9 17.2+£7.3"

pH 58 5.0 4.1 40 38 36  -379 4.140.5

scs T 2Ll 24 210 218 221 220 43 21.9+0.5°
TTA 24 53 150 168 17.5 182 6583 14.6 +5.3¢

PAC 448 313 252 184 139 118  -73.7 20.1+8.1°

C: composition; P: parameter; US: unfermented sourdough; T: temperature; TTA: titratable acidity (mL
NaOH consumed); PAC: phytic acid content (mg/100 g db); and A: Change (= %). Means followed by
different lowercase superscripts within similar column are significantly different (p < 0.05).
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220% increase), 12.9 + 4.0 (from 2.4 to 15.5 mL,
545% increase), and 14.6 £ 5.3 mL (from 2.4 to 18.2
mL, 658% increase) during fermentation,
respectively.

The mean PAC values of SC1, SC2, SC3, SC4,
and SC5 were 6.0 +2.9 mg/100 g db (from 12.0 to 3.5
mg/100 g, 70.6% decrease), 6.7 = 0.3 mg/100 g db
(from 19.3 to 6.4 mg/100 g, 66.8% decrease), 8.1 +
3.3 mg/100 g db (from 21.9 to 5.4 mg/100 g, 75.5%
decrease), 17.2 + 7.3 mg/100 g db (from 38.9 to 10.1
mg/100 g, 73.9% decrease), and 20.1 + 8.1 mg/100 g
db (from 44.8 to 11.8 mg/100 g, 73.7% decrease),
respectively.

Vitamins B, B>, B, and Bs

The concentrations of vitamins B (thiamine),
B: (riboflavin), B3 (niacin and niacinamide), and Be
(pyridoxal, pyridoxine, and pyridoxamine) were
quantified in the sourdough samples (Table 3 and
Figure 3). The levels of vitamins B, B,, B3, and Be in
SC1 were 314, 19, 1799, and 126 nug/100 g,
respectively, while those in SC5 were 400, 86, 444,

and 245 pg/100 g, respectively.

TPC, TFC, and AC

The TPC, TFC, and AC of sourdough samples
are shown in Table 4. The TPC, TFC, and AC levels
in SC1 with 100% carob flour were 555.3 £ 15.0 mg
FAE/100 g, 38.14 + 4.0 mg CE/100 g, and 545.7 +
19.1 mg TE/100 g, respectively. In contrast, the levels
of TPC and AC in SC5 with 100% wheat flour were
142.3 + 13.7 mg FAE/100 g and 450.9 = 29.1 mg
TE/100 g, respectively, whereas no TFC was
measured.

Characterisation of LAB

The genomic DNA extracted from single
colonies was amplified and sequenced. Analysis with
the BLAST tool revealed that the predominant
bacterial sequence in sourdough samples exhibited a
100% homology with Lactiplantibacillus plantarum
strain JCM 1149 16S ribosomal RNA (NCBI
Reference Sequence: NR_115605.1). Other genera of
LAB were not detected.

Table 3. Vitamins Bi, B, B3, and B (ug/100 g) levels.
Bs Bs
B B
C ! ’ NA NAM Bs PXL PXN PXMN YB

SC1 314° 19* 152 1462

1614° 185 105 21 3112

SC2 346° 14¢ 174 1874 2048° 284 99 90 473¢
SC3 272° 58° 149 2155 2304° 133 326 33 492°
SC4 295¢ 19°¢ 149 951 1100°¢ 151 75 42 268°
SC5 400¢° 86° 21 336 357° 87 211 34 332¢
Median  339.8 39.7 121.0 1270.8 1484.6 152.5 1427 40.8 375.2
Sd. (%) 56.8 28.3 58.2 683.8 778.6 76.2 106.5 25.2 100.9

C: sourdough composition; NA: nicotinic acid, NAM: nicotinamide, PXL: pridoxal; PXN: pridoxin; and
PXMN: pridoxinamin. Means followed by different lowercase superscripts within similar column are

significantly different (p < 0.05).

3500
3000
2500
2000
1500
1000

500

Vitamin Level (ng/100 g)

EBl mB2

o H H = = B
SCl sC2

SC3  SC4  SC5
B3 =B6

Figure 3. Comparative analysis of vitamins B, B,, B3, and Bs concentrations (ng/100 g).
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Table 4. Dynamics of TPC, TFC, and AC (DPPH) content in sourdoughs.

TPC TFC DPPH
(mg FAE/100 g db) (mg CE/100 g db) (mg TE/100 g db)
SCl1 5553+ 15.0° 38.14 +4.0* 545.7+19.1*
SC2 1240+ 11.7° n.d. 213.9+ 14.7°
SC3 959.0 + 86.3¢ 181.0£17.0¢ 6433 +11.4°
SC4 556.4+ 534 172.8 £20.5 537.3+22.7
SC5 142.3 +13.7 n.d. 450.9 +£29.1

C: composition; TPC: total phenolic content; FAE: ferulic acid equivalents; TFC: total flavonoid content;
CE: catechin equivalent; TE: Trolox equivalent; and n.d.: not detected. Means followed by different

lowercase superscripts within similar column are significantly different (p < 0.05).

In vitro cytotoxicity (MTS) test
The effect of treatment with 200 pL. sourdough

L929 24 h L929 48 h

* %K ns

suspension for 24 and 48 h on the viability of L929 | e |ns—
and HCT-116 cells was examined using the MTS Ii

assay. The treatment with SC1 with 100% carob il =

flour, wheat-carob flour blends (SC2, SC4), and SC5 oKk *x

with 100% wheat flour for 24 h significantly 1507 " \ \ 1501 ’ns_‘
decreased the viability of L929 cells (p < 0.05). g l_l & [

However, treatment with SC3 for 24 h did not affect £ 1007 > 1001 -

the viability of L929 cells (p > 0.05). Meanwhile, s - E

treatment with SC2 for 48 h significantly decreased 3 307 % 507

the viability of 1929 cells (p < 0.05). In contrast,

treatment with SC1, SC3, SC4, and SC5 for 48 h did 0= NP =7 NN
not affect the viability of L929 cells (p > 0.05) (Figure & L LEE P Qoo“o & IS

4). These findings indicated that wheat flour, with or
without carob flour, did not exert cytotoxic effects on
the human L1929 fibroblast cells.

Treatment with SC1 with 100% carob flour and
SC5 with 100% wheat flour, as well as carob and
wheat flour blends, for 24 or 48 h, significantly
decreased the viability of HCT-116 colon cancer cells
(p < 0.05) (Figure 5). These findings indicated that
wheat flour, with or without carob flour, exerted
cytotoxic effects on the colon cancer cells.

Effect of carob flour supplementation on farinograph

—
%k k% * kK k
150~ 150+
and extensograph indices - koK - iy
Farinograph indices 3‘; 100 ’_| % 100
The effects of carob flour on WA (%), DT = 5
(min), and ST (min) are shown in Table 5. The WA 2 s Z s
increased from 57.34 + 0.23% (blends with 0% carob S S
flour) to 60.20 £+ 0.02% (wheat dough supplemented 0- 0-

with 0, 5, and 15% carob flour). Compared with other
formulations, the WA was higher in blends with 10%
carob flour (62.33 + 0.05%).

DT, which is the time required for the dough to
reach maximum consistency, increased from 3.65 +
0.05 min in blends with no addition to 25.50 £ 0.02

Figure 4. MTS assay, the CV results on Human 1.929
fibroblast cell line to sourdough samples after 24 and
48 h of incubation. One-way ANOVA with Tukey’s
post hoc test (*p < 0.05). ns: not significant.

HCT-116 24 h HCT-11648 h
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Figure 5. MTS assay, the CV results on HCT-116
colon cancer cell line to sourdough samples after 24
and 48 h of incubation. One-way ANOVA with
Tukey’s post hoc test (*p < 0.05). ns: not significant.
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Table 5. Farinograph characteristics of W and W-C blends.

Farinograph

Blend proportion of C (%)

indice 0

5 10 15

Water absorption (WA) (%)

Stability (S) (min)

57.34 +£0.23%4
Development time (DT) (min)  3.65 +0.05%8
5.78 £0.02°C

61.32+£0.39"* 62.33+£0.05* 60.20 +0.02%
10.96 £ 0.01°®  18.21 £0.14®  25.50 + 0.02%®
9.32 £ 0.03%

10.73 £ 0.02°¢  9.94 + 0.05%

Means followed by different lowercase superscripts within similar column are significantly different
(» <0.05). Means followed by different uppercase superscripts within similar row are significantly different

(p < 0.05).

min in wheat dough supplemented with 0, 10, and
15% carob flour. Compared with that in other
formulations, the DT was higher in blends with 15%
carob flour.

ST, which is the time at which the dough
consistency is > 500 BU, increased from 5.78 + 0.02
in blends with no addition to 9.94 + 0.05 min in wheat
dough with 0, 5, and 15% carob flour. Compared with
that in other formulations, the ST was higher in
blends with 10% carob.

Extensograph indices

The effects of carob flour supplementation on
energy (cm?), extensibility (mm), resistance to
extension (BU), and the ratio number are shown in
Table 6. The blends with 0% carob flour exhibited
increased energy values at 45, 90, and 135 min.

Energy and extensibility decreased with the increase
in the amount of carob flour. Resistance to extension
significantly increased in blends with > 5% carob
flour at all time points. The ratio number was not
significantly different between blends with 0% carob
flour and those with 5% carob flour. However, the
ratio number gradually increased when the carob
flour levels increased more than 5%. The extensibility
(mm) time-dependently decreased, whereas the
energy value, maximum resistance to extension, and
the ratio number time-dependently increased. In
wheat flour, the extensibility time-dependently
decreased and the maximum resistance to extension
time-dependently increased. Meanwhile, the energy
and ratio number values of wheat flour slightly
increased.

Table 6. Extensograph characteristics of of W and W-C blends.

Extensograph  Blend proportion

90 min 135 min

160.50 & 0.212>4A
178.20 + 0.403b4A
196.03 £ 0.7634A
214.70 & 0.1424A

152.69 & 0.1324A
139.21 + (0.243bdA
125.93 £ 0.63304A
113.28 £ 0.2034A

154.73 £ 0.10%B
124.70 + 0.41%
95.19 + 0.36*B
63.88 + (.992B

67.51 £ 0.29%®B
129.23 £ 0.40%®
110.84 £ 0.12®
12.96 + 0.07%®

860.50 =+ 0.14°¢"C
1003.23 £ 0.10°¢"C
1146.06 + 0.05¢¢"C
1288.26 =+ (0.34°¢nC

916.25 £ (0.37°¢hC
984.38 £ 00.16°¢"C
1187.11 £ 0.81¢¢
1525.60 & 0.71°€¢

indice of C (%) 45 min

0 131.48 £ 0.543dA
Energy 5 116.69 £ 0.552dA
(cm?) 10 102.31 + 0.292bdA

15 88.26 + (.24

0 180.60 + 0.42%B

Extensibility 5 145.98 £ 0.67%®
(mm) 10 112.66 £ 0.25%®

15 79.37 £ 0.092B
Resistance to 0 621.35 % 0.33°
extension 5 670.46 £ 0.14¢%C
(BU) 10 719.57 + 0.28¢ehC
15 769.32 £ 0.17¢¢C

0 2.12 +0.012¢P

Ratio number > 3.94 & O'OzabcTD
10 5.76 £ 0.012¢iD

15 7.45 £ 0.122¢iD

3.14 £ 0.0425¢D
7.00 £ 0.0826¢iP
10.80 £ 0.0720<P
14.66 + 0.05%P

3.73 £ £ (.04
8.19 + 0.0720¢P
12.14 + 0.05%P
15.44 + 0.05%P

Means followed by different lowercase superscripts within similar column are significantly different
(» <0.05). Means followed by different uppercase superscripts within similar row are significantly different
(p <0.05).
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Discussion

pH, temperature, TTA, and PCA

Following 5-d fermentation, the pH of SCI1
with 100% carob flour decreased from 5.0 to 4.0 (-
18.8% change), while that of SC5 with 100% wheat
flour decreased from 5.8 to 3.6 (-37.9% change). The
pH values of carob and wheat flour blends (SC2, SC3,
and SC4) decreased by 23.9, 20.6, and 30.3%,
respectively. The changes in pH were significantly
different between SC2 and SC3 (p < 0.05). However,
the pH changes were not significantly different
between the other groups (p > 0.05). The regulation
of the metabolic activities of LAB species is
dependent on the pH. Previous studies have reported
that the pH decreases by approximately 4.0 during
sourdough fermentation (Oshiro et al., 2020).
Generally, the pH of sourdough is in the range of 3.4
- 6.4, depending on the type of flour, duration of
fermentation, and specific microorganisms (Pejcz et
al., 2021). One study reported that the initial pH of
sourdough at 0 h ranged from 5.52 to 5.32, which
decreased to 4.22 after 6 h of fermentation (Tomi¢ et
al., 2023). A survey revealed that the pH of wheat
sourdough was 3.89 after 24 h of fermentation
(Serban et al., 2023). Meanwhile, another study
reported that the pH of wheat sourdough decreased
from 6.2 to 3.4 (50.0% change) after 72 h of
fermentation (Pejcz et al., 2021). The pH of carob
sourdough decreased to 4.2 - 4.5 after 24 h of
fermentation (Novotni et al., 2020). A recent study
demonstrated that the pH of carob and wheat
sourdough did not significantly vary during 5-d
fermentation when compared with that of wheat-
carob sourdough (p > 0.05). This was attributed to
LAB-mediated phytate-degrading activity (Leenhardt
et al., 2004; Anastasio et al., 2010).

In the present work, the temperature of the
whole sourdoughs did not increase significantly
during the fermentation period (3.3 to 5.6%) (p >
0.05). Temperature is a critical parameter for
sourdough fermentation. Low-temperature
fermentation may increase the synthesis of secondary
aromatic compounds (Xu et al, 2020). The
temperature of dough with a high percentage of whole
grains is optimally maintained at 23°C to avoid rapid
fermentation and acid production (Salovaara and
Valjakka, 1987). Additionally, both time and
temperature influence the formation of pungent

flavour in the baked products (Katina et al., 2006). A
recent survey revealed that the mean temperature of
the sourdough samples was close to 23.0°C, which is
the recommended temperature for fermentation and
increases acidity during 5-d fermentation.

Carob flour dose-dependently increased TTA.
Consistently, the TTA of SC1 with 100% carob
changed from 5.5 to 8.8 (in mL NaOH consumed;
60.0% decrease), which was 2.1-fold lower than that
of SC5 with 100% wheat flour during 5-d
fermentation. This indicated that the TTA of
sourdough samples was not significantly different (p
>0.05). Acidity generated during fermentation can be
attributed to the breakdown of starch into
monosaccharides and disaccharides by LAB species.
The increased acidity influences properties, such as
flavour profile (Najafi et al., 2012; Fekri et al., 2024),
regulates the amylase-mediated breakdown of starch
into fermentable sugars (Gonzalez-Alonso et al.,
2024), and stimulates the fermentation by LAB
species (D’Amico et al., 2023). The TTA rate
(166.9%) (4.8 to 11.1 mL) significantly increased
during 6-h fermentation for wheat sourdough
(Dapcevi¢-Hadnadev et al., 2022). Meanwhile, one
study reported that the TTA rate increased by 24.2%
(9.9 to 12.3 mL) for carob sourdough (Novotni et al.,
2020). The authors demonstrated that lactic acid
production in carob sourdough was significantly
slower than that in wheat sourdough, which was
consistent with the results of Novotni et al. (2020)
and Dapcevi¢-Hadnadev et al. (2022).

In the present work, the PAC values were
significantly different between SC1 with 100% carob
flour and SC5 with 100% wheat (p < 0.05). In
contrast, the PAC values were not significantly
different between the other composite groups (p >
0.05). The mean PAC values of SC1 and SC5 were
6.0+ 2.9 (12.0 to 3.5 mg/100 g, 70.6% decrease) and
20.1 £ 8.1 mg/100 g (44.8 to 11.8 mg/100 g, 73.7%
decrease), respectively, during the fermentation
period. Phytic acid, also called myo-inositol
hexaphosphoric acid, is a micronutrient inhibitor
occurring in many cereal grains and legumes
(Anastasio et al., 2010). Sourdough fermentation
significantly degrades phytic acid and increases the
bioavailability of free amino acids, minerals, and
proteins (Gobbetti et al., 2019). Previous studies have
reported that the PAC of wheat sourdough is in the
range of 3.3 - 5.1 mg/100 g (Longin et al., 2023) or in
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the range of 5.0 - 79.0 mg/100 g with a decrease of
42.9 - 96.6% after fermentation (Fang et al., 2023).
Meanwhile, the PAC of carob sourdough is reported
to be 142 mg/100 g after fermentation (79%
decrease), which was 3.4-fold lower than that of
wheat sourdough after fermentation (Haros ef al.,
2001). In the present work, carob sourdough
improved the nutritional value of baked products by
reducing antinutritive phytic acid levels during dough
fermentation. However, future studies must evaluate
the effect of carob and its sourdough on iron and zinc
deficiencies, which are major public health problems
(Chondrou et al., 2024).

Vitamins B, B>, B3z, and Bgs

The present work investigated the levels of
vitamins By, B, B3, and B in the sourdough samples.
The levels of B-group vitamins (2,258 nug/100 g) in
SC1 with 100% carob flour were significantly higher
(1.9-fold) than those in the other samples (p < 0.05),
which was consistent with the increasing quantity of
carob flour. The fermentation duration with method
and microbial composition affect the levels of B-
group vitamins in sourdough. For instance, prolonged
fermentation enhanced B levels (250 pg/100 g) when
compared with short fermentation duration (140
ng/100 g) (Batifoulier et al., 2005). Batifoulier et al.
(2006) also reported that the Bi, B,, and B levels in
wheat sourdough were in the range of 260 - 613, 48 -
106, and 145 - 316 pg/100 g, respectively. lkram et
al. (2023) revealed that the levels of B», B3, and Bs in
carob sourdough were 0.380, 185.6, and 23.8 mg/100
g, respectively. These findings indicated that the
increased nutritive and health values of carob
sourdough relative to wheat sourdough could be
attributed to the increased levels of B-group vitamins.

TPC, TFC, and AC

Compared with those in wheat and carob-
wheat composite sourdoughs, TPC (555.3 mg
FAE/100 g) and TFC (38.14 mg CE/100 g) levels
were 4-fold higher, and the AC levels were 1.2-fold
higher (545.7 mg TE/100 g) in carob sourdough. This
indicated that the TPC, TFC, and AC levels in carob
sourdough were significantly different from those in
carob-wheat sourdoughs (p < 0.05), with the
variations depending on the amount of wheat flour.
Ivanova et al. (2023) determined that the
concentrations of TPC, TFC, and AC (DPPH) in
fermented wheat sourdough were 150 mg FAE/100 g,

980 mg CE/100 g, and 350 mg TE/100 g,
respectively. Previous studies have reported that the
TPC, TFC, and AC levels of C sourdough were 811
mg FAE/100 g (Ioannou et al., 2023), 98.7 mg
CE/100 g (Goulas and Georgiou, 2019), and 52.6 mg
TE/100 g (Novotni et al., 2020), respectively. The
findings of the present work on carob sourdough were
consistent with those reported in previous studies,
However, the levels reported in the present work
varied from those reported in Goulas and Georgiou
(2019), Novotni et al. (2020), and Ioannou et al.
(2023), which can be attributed to fermenting
conditions, composition of sourdough, and origin and
nutritive quality of carob. Fermentation significantly
improved TPC and TFC, as well as in vitro and ex
vivo AC (Gabriele et al., 2024). Zahorec et al. (2024)
revealed that the addition of 3.5% of carob flour to
wheat sourdough increased in vitro antioxidant
activity (DPPH) by 31-fold. Sebai et al. (2013)
demonstrated that in vivo-subacute dose-dependent
intervention with carob for 7 d significantly decreased
cerebral and myocardial lipid peroxidation, and the
level of hydrogen peroxide in the kidney, liver, and
brain. The findings of the present work suggested that
carob sourdough comprised high TPC and TFC, and
exerted antioxidative effects in baked products.

Characterisation of LAB

A recent study identified Lp. plantarum as the
predominant strain in carob and carob-wheat
sourdoughs. In the present work, the bacterial
sequences exhibited 100% homology with Lp.
plantarum strain JCM 1149 16S ribosomal RNA
(NCBI Reference Sequence: NR 115605.1). The
biochemical changes during sourdough fermentation
can be attributed to the metabolic activity of
microorganisms from the raw materials, affecting the
quality of the bakery product (Fekri et al., 2024). The
supplementation of carob flour to millet flour
promoted the growth of lactobacilli and the
production of organic acids (Voucko et al., 2024).
The common LAB strains in sourdoughs are Lp.
plantarum, L. casei, L. curvatus, L. paracasei, L.
brevis, and L. uvarum (Bartkiene et al., 2022).
Among the LAB species, Lp. plantarum is mainly
found in the fermented plant-derived ingredients
(Martins-Lougdo et al., 2024). Paramithiotis et al.
(2010) reported that Lp. plantarum is the most
common LAB strain in sourdough. Subsequent
supplementation during fermentation can increase the
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relative abundance of Lp. plantarum strain in
sourdough samples.

LAB can  hydrolyse  macromolecular
compounds, such as polysaccharides with a-(1—4)
glycosidic bonds. Lp. plantarum (Oguntoyinbo and
Narbad, 2012) can degrade proteins, related amino
acids, and other non-nutritive and harmful substances
(Wang et al., 2021), contributing to the functional
benefits of sourdough (Fraberger et al., 2020). LAB
can also metabolise maltose into lactic and acetic
acids, decreasing pH (Oshiro et al., 2020). Lp.
plantarum can produce lactic acid, acetic acid, and/or
ethanol (Moore ef al., 2007; Sanmartin et al., 2025).
Similar to the fermentation of carob, sorghum, and
millet, the microbial metabolism of phenolic
compounds in sourdough fermentation is associated
with the production of bioactive substances, such as
phenolic compounds (Wang and Wang, 2024).
Microbial amino acid metabolites promote the
accumulation of antioxidant metabolites (Pérez-
Alvarado et al., 2022). The metabolic process of
Lactobacillus spp. can promote lipid oxidation,
indicating a potent antioxidant impact during
sourdough fermentation (Kirchhoff and Schieberle,
2002). Future studies must examine the synergistic
interaction of carob and LAB community structure
with antioxidant release mechanisms during
fermentation.

Cytotoxicity results

The MTS assay results demonstrated that the
sourdough samples were not cytotoxic to L929 cells
but were cytotoxic to HCT-116 cells (p < 0.05).
Fermented foods are associated with a reduced risk of
cancer due to the presence of antioxidant molecules
(Gabriele et al., 2024). However, further studies are
needed to elucidate the mechanism underlying the
cytotoxic effects of carob sourdough containing LAB
species (Krishnan et al., 2024). The carob extract
exhibits strong cytotoxic activity against human
breast cancer cells (Javadi et al., 2019). Klenow et al.
(2009) demonstrated that the carob extract promoted
the death of LT97 adenoma cells, but not HT29
carcinoma cells. Khazaei et al. (2023) revealed that
carob extract suppressed the proliferation of prostate
cancer cells. Thus, further studies are needed to
determine the effects of carob sourdough with
microbial and antioxidative composition on the
apoptotic and proliferative pathways of specific
cancer types.

Effect of carob flour supplementation on farinograph
and extensograph indices
Farinograph indices

Increasing the proportion of carob (5, 10, and
15%) gradually increased the WA from 57.34 =+
0.23% (with 0% carob flour) to 61.32 + 0.39% (with
5% carob flour), 62.33 + 0.05% (with 10% carob
flour), and 60.20 + 0.02% (with 15% carob flour).
This indicated that carob flour exhibited increased
WA ability owing to its high fibre content (18.0% in
carob) when compared with whole wheat flour
(10.7%) (Goulas et al., 2016; Buzzanca et al., 2025).
The high fibre content of carob can be attributed to a
large number of hydrophilic groups (hydroxyl, OH-
groups) in the fibre structure, which interact with
water via hydrogen (H) bonding (Zhu et al., 2019).
WA is a critical quality property in dough that is
closely linked to the yield and quality of bakery
products (Sapirstein et al., 2018). Turfani et al.
(2016) demonstrated that wheat dough supplemented
with 10 - 20% carob flour slightly increased the WA.
Thus, carob flour may positively affect dough
behaviour during mixing, fermentation, and baking
via hydration effects.

DT is the time needed for the dough to reach
maximum consistency. In the present work, the DT
value of sourdough increased from 3.65 + 0.05 (0%
carob flour) to 25.50 + 0.02 min (15% carob flour),
which was approximately 7-fold higher than that of
wheat flour. This indicated strong gluten and dough
characteristics (MacRitchie, 2016). Cui et al. (2023)
reported that the dough DT is related to the protein
content. Thus, prolonged DT is required for strong
flour. The protein contents of carob and whole wheat
flour are approximately 4.55 and 13.2%, respectively
(Papaefstathiou et al., 2018). The rheological
properties of carob flour or sourdough depend on the
chemical composition (Novotni et al., 2020). Recent
studies have demonstrated that carob can improve the
DT characteristics of dough as it exhibits higher
hydration rates than wheat.

The addition of carob flour at concentrations of
0, 10, and 15% increased the ST (min) by 1.7-fold. A
dough enriched with fibre-rich ingredients (such as
carob) exhibited increased stability and WA (Pycia
and Juszczak, 2023). Moreover, the ST value
provides information about the strength of a flour (Li
et al., 2023). The replacement of wheat flour with an
alternative flour decreased the strength of the dough
due to the dilution of gluten, negatively affecting the
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development of the gluten network in the dough. The
sum of DT and ST indicates the resistance of dough
to mixing (Sadowska et al., 2003). The present work
demonstrated that carob increased the stability of a
dough formulation depending on the quantity and
quality of its gluten content.

Extensograph indices

Extensograph data indicated that energy was
significantly correlated with resistance (p < 0.05).
However, energy value was not significantly
associated with extensibility and ratio number (p >
0.05).

The wheat flour (without carob flour addition)
exhibited higher energy values than the blends,
except for the energy values of blends with 5, 10, and
15% carob flour at 90 min. This indicated unit
extension and processability of dough (Yavuz et al.,
2021). Previous studies have reported an increase in
energy values in wheat-carob blends (from 142.9 to
196.4 ¢cm?) (Soronja-Simovic et al., 2016) with an
average value of up to 129 cm? (Mi$ et al., 2012),
which was mainly due to gluten protein-associated
changes (Hruskova et al., 2006). The findings of the
present work agreed with those of previous studies.
Thus, carob can be used to improve the processability
of doughs.

The extensibility at different time points was
negatively affected by carob flour supplementation.
Extensibility is the length of the swelling curve and a
critical factor that determines the quality and purpose
of the final flour product (Luo et al., 2023). Issaoui et
al. (2021), Karlidag et al. (2022), and Zahorec et al.
(2024) demonstrated that carob flour
supplementation (5, 10, and 20%) to wheat flour
decreased extensibility. In the present work, the
highest proportion of carob flour (15%) decreased
extensibility at the three time points by 3-fold when
compared with wheat flour. Thus, increasing the
amount of carob flour decreased extensibility and
increased resistance. The resistance to extension in
the wheat-carob flour blends increased by 24, 49, and
66% at 45, 90, and 135 min, respectively, which was
consistent with a 70% increase in resistance reported
by Soronja-Simovic et al. (2016). The optimal ratio
of resistance to extensibility was reported to be 1.5 to
2.5 (Zahorec et al., 2024). Zahorec et al. (2025)
determined that supplementation with 5% carob flour
significantly decreased extensibility by 5%.
Additionally, the resistance to extensibility ratio
value was 2.9. The present work demonstrated that

the resistance to extensibility ratio was 4.6 in the
blend supplemented with 5% carob flour, which was
above the upper limit of the optimal range. This
indicated that carob flour must be supplemented in an
optimal proportion for preparing dough used for
baking purposes. Thus, the addition of carob flour led
to a significant cause-and-effect association between
extensibility and dough resistance (p < 0.05) but not
between energy and extensibility (p > 0.05).

The ratio number increased in blends
supplemented with 15% carob flour (from 2.12 +0.01
(0% carob flour) to 7.45 + 0.12, 14.66 + 0.05, and
15.44 £ 0.05 at 45, 90, and 135 min, respectively).
The resistance was significantly and positively
correlated with the ratio number. Thus, the
farinograph and extensograph indices were partially
dependent on the duration.

Conclusion

The present work compared the effects of
carob and wheat flours on the nutritional, health, and
pre-bake rheological properties of spontaneously
fermented sourdough. Results indicated that carob is
a natural, non-wheat, healthy, and nutritious
ingredient for dough formulations of baked products.
However, further studies are needed to examine the
biochemical function of dough formulations and
validate the final product. Therefore, the elucidation
of the mode of action of carob during sourdough
fermentation can aid in ensuring the manufacture of
customised and healthy fermented foods, especially
baked products, for the specific health needs of
consumers.
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