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1. Introduction

Bread is a staple food for people all around the world and 
consumers are very sensitive to its colour, flavour and 
texture. Bread made of whole-grain wheat flour is superior 
to that made of highly refined white flour in nutritional 
quality since it contains bran and germ layers of wheat that 
are rich in vitamins, minerals, dietary fibre and antioxidant 
phytochemicals (Belobrajdic and Bird, 2013; Dykes and 
Rooney, 2007; Kumar et al., 2011; Slavin, 2004). However, 
whole-grain wheat flour bread is poor in sensory properties 
due to its darker colour, hard and rapidly staling texture and 
slightly bitter taste (Paşa, 2010; Pyler, 1988). Whole-grain 
cereals are known to decrease obesity and diabetes due 
to their high-fibre contents that reduce energy density of 
diet and rate and extent of starch digestion. Additionally, 
elevated levels of dietary fibre, ferulic acid, sterols and 
stanols in whole-grain cereals are determined to reduce 
blood cholesterol level and prevent from colon cancer and 

coronary heart disease (Belobrajdic and Bird, 2013; Okarter 
and Liu, 2010; Slavin, 2004).

Several approaches to overcome the sensory shortcomings 
of whole-grain wheat flour bread were attempted, including 
use of hydrocolloids, lignocellulosic enzymes and sour-
dough process. Sudha and Rao (2008) incorporated 
hydroxypropyl methylcellulose into whole-grain wheat flour 
bread formulation at 0.5 to 1.0% levels to improve dough 
rheology. Shah et al. (2006) used hemicellulase enzyme and 
improved volume, colour and texture of whole-grain wheat 
flour bread. In recent years, usage of sour-dough process 
has become widespread. Sour-dough process is reported 
to improve loaf volume and texture (Clarke et al., 2002; 
Corsetti et al., 2000; Crowley et al., 2002), taste and odour 
(flavour) (Brummer and Lorenz, 1991; Thiele et al., 2002), 
shelf life (Corsetti et al., 1998a,b; Dal Bello et al., 2007; 
Lavermicocca et al., 2000) and nutritional quality of bread 
(Liljeberg and Björck, 1994; Liljeberg et al., 1995). Being 
quite similar to sour dough and native to certain localities 
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of Turkey, Greece and Macedonia, fermented-chickpea 
liquor (FCL), also called ‘chickpea yeast’ or ‘sweet yeast’ 
(Çebi, 2009, 2014; Hancıoğlu-Sıkılı, 2003; Hatzikamari et 
al., 2007a,b; Katsaboxakis and Mallidis, 1996), might help 
alleviate sensory problems of whole-grain wheat flour bread, 
especially its poor flavour and texture. FCL was reported 
to be locally used in many bread and pastry formulations 
(Baykara, 2006; Çebi, 2009, 2014; Hancıoğlu-Sıkılı, 2003; 
Narlıoğlu, 2013; Özkaya, 1992).

Chickpea (Cicer arietinum) is rich in carbohydrates, 
proteins, vitamins, minerals, dietary fibre and protective 
phytochemicals, and processed into nutritious foods 
by various techniques, including steeping, dehulling, 
fermenting, boiling, steaming, frying or roasting 
(Desphande and Damodaran, 1990). Production of FCL 
and its use in the bakery products is yet another use of 
chickpea. As a traditional practice, FCL production varies 
extensively. In general, coarsely ground or cracked chickpea 
is subjected to spontaneous fermentation in three- to five-
fold water, which was previously boiled and usually cooled 
down to about 50 °C, in closed containers at 35-40 °C for 
15-20 h. Formation of foam atop the liquor is considered a 
successful fermentation process (Baykara, 2006; Çebi, 2009; 
Hatzikamari et al., 2007a,b). Boiled hot water is directly 
added to the cracked chickpea in Greece (Hatzikamari et 
al., 2007a,b), whereas boiled and cooled warm water (about 
50 °C) is used in Turkey (Baykara, 2006; Çebi, 2009). Once 
the fermentation is over, FCL is sieved and the fermented 
liquor plus foam is used in the bakery products either 
directly or upon creating a preferment dough (Baykara, 
2006; Özkaya, 1992).

Some research has been conducted on biochemical and 
microbiological properties of FCL and its effects on bakery 
goods. Özkaya (1992) investigated the effects of commercial 
baker’s yeast, sour dough and FCL on dough and bread 
properties, and found that FCL weakened the dough but 
improved the taste, odour and crust colour of bread. Tülbek 
et al. (2003) reported that FCL increased the nutritional 
properties and shelf life of bakery products. Baykara (2006) 
compared the properties of breads made of baker’s yeast, 
50:50 mixture of FCL-commercial yeast and FCL alone. 
The staling rates of the breads were similar, but the sensory 
properties of the breads containing 50:50 mixture were 
unsurpassed. Narlıoğlu (2013) used commercial yeast, FCL 
and their mixtures in ‘poğaça’ processing. It was found that 
FCL-containing dough was softer with lower baking loss 
and that the best sensory quality was achieved by use of 
FCL-yeast mixture.

Hancıoğlu-Sıkılı (2003) investigated flavour and micro-
biological properties of FCL. Breads containing FCL had 
higher levels of propyl and n-butyl aldehydes, ethyl butyl 
ketone, acetic, propionic and valeric acids than did breads 
containing baker’s yeast and sour dough. These compounds 

were claimed to be responsible for the characteristic 
flavour of breads baked with FCL. Enterococcus mundtii, 
Enterococcus gallinarum, Lactobacillus bifermantans, 
Streptococcus thermophilus, Enterococcus casseliflavus 
and Saccharomyces cerevisiae were isolated from FCL, 
while Lactobacillus plantarum, Lactobacillus pentosus, 
Lactobacillus sanfrancisco, E. mundtii, E. gallinarum, 
Pediococcus urinae-equi, S. cerevisiae, Lactobacillus 
viridencens and S. thermophilus were found in FCL 
containing bread doughs. Çebi (2014) investigated the 
effects of Lactobacillus brevis FK2, Lactococcus lactis 
FK5 and L. plantarum FK25, isolated from FCL and FCL-
containing doughs, on volatile compounds, texture and 
colour of breads. A total of 58 volatile compounds were 
isolated from the dough, bread crumb and crust. Of those 
compounds, ethyl acetate, trans-2-heptenal, hexanal and 
2,3-dihydro-1H-indole were associated with Lactobacillus 
species. Furthermore, Lactobacillus species isolated from 
the FCL-containing doughs positively influenced crumb 
texture, cohesiveness, chewiness and lightness (L*) of 
breads.

Hatzikamari et al. (2007a) studied the biochemical changes 
and microorganisms of FCL. It was found that the activities 
of cellulase, α-galactosidase, invertase and protease 
significantly increased during fermentation. Furthermore, 
Bacillus and Clostridium species along with free fatty acids, 
reducing sugars and free amino acids increased especially 
after 10th hour of fermentation. It was also noticed that 
Bacillus species predominated the fermentation medium in 
the first 8-10 h, which was later dominated by Clostridium 
species. Hatzikamari et al. (2007b) reported that Bacillus 
cereus, Bacillus thuringiensis, Bacillus licheniformis, 
Clostridium perfringens and Clostridium beijerinckii were 
among the most common Bacillus and Clostridium species 
found in FCL and FCL-containing doughs. Çebi (2009) 
isolated a total of 120 lactic acid bacteria (LAB) from FCL 
and FCL-containing doughs. L. lactis, L. brevis and L. 
plantarum were common in FCL, whereas L. lactis, L. 
brevis, L. plantarum, L. pentosus and Weisella confuse 
were widespread in FCL-containing doughs. L. lactis was 
determined as the dominant LAB, while L. brevis and W. 
confuse were as the gas-producing heterofermentative 
LAB. The studies conducted on FCL in Turkey (Çebi, 
2009; Hancıoğlu-Sıkılı, 2003) reported only LAB in FCL, 
as opposed to Bacillus and Clostridium species in Greece 
(Hatzikamari et al., 2007a,b). Although the underlying 
mechanism for this difference is unknown, use of warm 
water (about 50  °C) in Turkey and boiling hot water 
in Greece at the beginning of fermentation might be a 
plausible reason.

The literature reviewed thus far indicates that FCL or so-
called ‘chickpea yeast’ might help improve the flavour and 
texture of whole-grain wheat flour breads, which established 
the aim of this study.
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2. Materials and methods

Materials

Whole-grain wheat flour, vital gluten, fungal α-amylase, 
ascorbic acid and shortening were provided by Komgıda 
A.Ş. (Karaman, Turkey). Whole-grain wheat flour, obtained 
in a short-flow roller-mill designed specifically for whole-
grain wheat flour production, had a particle size distribution 
of 7.6% over 250 µm, 5.9% over 150 µm, 78.3% over 75 µm, 
6.2% over 38 µm and 2% below 38 µm. Diacetyl tartaric 
acid ester of mono and diglycerides was obtained from 
Kimbiotek A.Ş. (İstanbul, Turkey). Compressed baker’s yeast 
(S. cerevisiae), salt, sugar (sucrose) and Kabuli-type chickpea 
were purchased from local markets (Karaman, Turkey).

Preparation of fermented-chickpea liquor

The FCL was prepared essentially by the method of Çebi 
(2009) with slight modification. Precleaned chickpea (100 
g) was coarsely ground in a heavy-duty Waring blender, 
sifted through a 0.2-mm screen and the overs were placed 
in a 1-l glass container. Then 1 g of salt and 350 ml of 
boiled and cooled water (about 50 °C) were added to the 
container and its lid was closed. The cracked chickpea was 
left for spontaneous fermentation at 40 °C for 16 h. Once the 
fermentation ended and 1-2 cm of foam was formed atop 
the fermented liquid, the liquid phase plus foam was sieved 
through a 75-µm screen and used in breadmaking trials.

Characterisation of whole-grain wheat flour

Damaged starch content of whole-grain wheat flour was 
measured on the SDmatic (Chopin, Villeneuve-la-Garenne, 
France) by the ICC method 172 (Cauvain and Young, 
2009). Falling number (FN) of whole-grain wheat flour, an 
indicator of α-amylase activity, was measured and adjusted 
to about 250 seconds on the Perten FN instrument (Perten, 
Hägersten, Sweden) by the AACC method 56-81B (AACC, 
2000). Dough mixing and thermorheological properties of 
whole-grain wheat flour and FCL-containing flours were 
measured on the Chopin-mixolab using the ‘Chopin+’ 
protocol that was adopted as the ICC method 173 (Cauvain 
and Young, 2009).

Formulation of whole-grain wheat flour dough and 
breadmaking

The formulation used in the production of whole-grain 
wheat flour bread with FCL, which was modified from Paşa 
(2010), is given in Table 1. The formulation was consisted 
mainly of whole-grain wheat flour, water, FCL, baker’s yeast, 
salt and other minor ingredients. Vital gluten at 2% level 
was incorporated into the formulation to increase the rather 
low protein content (11.0%) of the whole-grain wheat flour, 
which is a common practice when low-protein whole-grain 
wheat flours are used in breadmaking (Paşa, 2010). The 
straight-dough procedure was adopted in breadmaking. In 
brief, all ingredients were weighed in a laboratory mixer 
(KM023; Kenwood Ltd, Havant, UK) and mixed for 10 
min. A water level of 65%, based on flour weight with 14% 
moisture basis (mb), was used. This level was adjusted from 

Table 1. Bread dough formulation used in production of whole-grain wheat flour bread.

Component Unit Control bread FCL containing bread1

15% 30% 45%

Whole-grain wheat flour2 g 100 100 100 100
Fermented-chickpea liquor (FCL) ml – 15 30 45
Water ml 65 (opt.)3 50 (65-15) 35 (65-30) 20 (65-45)
Compressed baker’s yeast g 3 3 3 3
Salt g 1 1 1 1
Sugar (sucrose) g 1 1 1 1
Vital gluten g 2 2 2 2
Fungal α-amylase (falling number) sec 245 245 245 245
Ascorbic acid mg 5 5 5 5
Shortening g 1 1 1 1
DATEM4 g 0.5 0.5 0.5 0.5

1 Based on flour weight (14% mb).
2 14% moisture basis.
3 Mixolab optimum water absorption.
4 DATEM = diacetyl tartaric acid ester of mono and diglycerides.



A. Sayaslan and N. Şahin

186� Quality Assurance and Safety of Crops & Foods 10 (2)

the mixolab (Chopin) optimum water absorption level of 
63% for whole-grain wheat flour (Figure 1). FCL was added 
to the formulation at 15, 30 and 45% levels based on flour 
weight (14% mb) and substracted from optimum water 
requirement as seen in Table 1. The mixed dough was first 
rested at room temperature for 30 min, then divided and 
rounded for intermediate proofing at 30 °C for 30 min, and 
finally shaped and placed in baking pan for final proofing in 
vapour-saturated cabinet at 30 °C for 55 min. The fermented 
dough was baked in a convection oven at 200 °C for 20 
min. The bread was cooled at room temperature for 1 h 
and quality-associated measurements were performed.

Analysis of fermented-chickpea liquor and FCL-
containing dough

The pH of FCL was directly measured. For pH measurement 
of FCL-containing dough, 10 g of dough was first 
homogenised in 90 ml of distilled water for 1 min and then 
pH was measured. For microbiological analyses, FCL was 
directly sampled and inoculated for microbial counts. In 
the case of FCL-containing dough, however, the dough (25 
g) was first homogenised in 225 ml of physiological saline 
water for 1 min and then proper dilutions were prepared 
for inoculations. Total yeast and mould counts in FCL 

or FCL-containing doughs were carried out on potato 
dextrose agar, Enterobacteriaceae family counts on violet 
red bile dextrose agar, total aerobic mesophilic bacteria 
counts on plate count agar (CM325; Oxoid, Basingstoke, 
UK) and LAB counts on De Man, Rogosa and Sharpe agar 
as described by Çebi (2009).

Chemical analysis

Moisture contents were determined by the AACC oven-
drying (135 °C) method 44-15A (AACC, 2000). Protein 
contents were measured by the AACC Dumas method 
46-30 (NDA 701; Velp Scientifica, Bohemia, NY, USA) and 
nitrogen-to-protein conversion factors of 5.70 or 6.25 were 
used (AACC, 2000). Crude oil contents were quantified 
by Soxhlet extraction (Gerhardt Soxtherm, Königswinter, 
Germany) according to AACC method 30-25 (AACC, 
2000). Ash contents were analysed using ashing furnace 
(MF106; Nüve, Ankara, Turkey) at 900 °C until reaching 
to a constant weight as described by the AACC method 
08-01 (AACC, 2000). Total carbohydrate contents were 
calculated by mass difference of proximate compositions.

0.2

20 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

0.4
0.6
0.8
1.0
1.2
1.4
1.6

10

20

30

40

50

60

70

80

90

1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6

Chopin+ protocol
Constant (63%) water absorption

To
rq

ue
 (N

m)

Time (min)

Te
mp

er
atu

re
 (°

C)

Flour Opt. mixing 
time (min)

Stability
(min)

C1 torque
(Nm)

C2 torque
(Nm)

C3 torque
(Nm)

C4 torque
(Nm)

C5 torque
(Nm)

Control 8.38 10.53 1.09 0.52 1.89 1.75 2.65
15% FCL added 7.45 8.88 1.25 0.61 2.03 2.08 3.00
30% FCL added 7.53 8.51 1.58 0.94 1.31 2.18 3.04
45% FCL added 7.30 7.87 1.60 0.90 1.96 2.13 3.19

Figure 1. Mixolab dough mixing and thermorheological properties of whole-grain wheat flours containing fermented-chickpea 
liquor (FCL).
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Bread analysis

Weight, volume and baking losses of breads were determined 
by Elgün et al. (2002). Moisture contents were determined 
by the AACC method 44-15A (AACC, 2000). The pH of 
bread was measured by homogenising 10 g of bread in 
90 ml of distilled water. Crumb hardness of breads was 
measured using texture analyser (TA.TX2; Stable Micro 
Systems, Godalming, UK) at 2nd, 24th and 72nd hours of 
storage by the AACC method 74-09.01 (AACC, 2000). For 
this purpose, bread slices of 25 mm in thickness were used 
and compressed at 25% with a 36-mm diameter probe. 
Crust and crumb colours of breads were measured using 
HunterLab colorimeter (Color Flex, Reston, VA, USA). 
Sensory evaluation of breads was performed using a 10-point 
hedonic scale by semi-trained panellists. Breads were scored 
from 1 to 10 by shape and symmetry, cell structure and 
homogeneity, chewing texture, taste and odour (flavour) 
and overall sensory properties (Elgün et al., 2002).

Total phenolic content and DPPH radical scavenging 
activity analysis

Total phenolic contents of breads were determined 
according to Singleton et al. (1999). In brief, slices of breads 
were first freeze-dried, milled in the Waring blender to pass 
through 375-µm screen, extracted with ten-fold acidified 
methanol (HCl/methanol/water, 1/80/10, w/w) at room 
temperature for 2 h by shaking at 200 rpm and clarified 
by centrifugation (1000×g, 10 min). The clarified extract 
(250 μl), 2N Folin-Ciocalteu reagent (250 μl) and distilled 
water (5.75 ml) was combined, mixed and rested at room 
temperature for 8 min. Then, sodium carbonate solution 
(7.0%, 2.5 ml) and distilled water (5.0 ml) were added, mixed 
and rested for another 2 h. Finally, absorbance readings 
at 750 nm were performed on both bread extracts and 
gallic acid standard solutions to figure out total phenolic 
contents of breads.

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity of breads was determined by the method of Beta et 
al. (2005). The bread extracts prepared for total phenolic 
assays were used. In short, bread extract (100 μl) was mixed 
with DPPH solution (3.9 ml, 6×10-5 mol/l) and rested in 
dark at room temperature for 30 min. Finally, absorbance 
readings at 515 nm were performed on bread extracts, 
acidified methanol and DPPH solution to figure out 
antioxidant activity of breads.

Experimental design and statistical analysis

A completely randomised experimental design with two 
replications and triplicate measurements were used in 
the study. The data were subjected to analysis of variance 
(ANOVA) and the means were compared by the Duncan’s 
multiple comparison test.

3. Results and discussion

Properties of whole-grain wheat flour used in production 
of breads containing fermented-chickpea liquor

Chemical composition of whole-grain wheat flour, used 
as a base or control flour in FCL-added breadmaking, is 
given in Table 2. The composition was typical of a whole-
grain wheat flour (Gordon and Wrigley, 2004). It contained 
moderate level (5.2%) of damaged starch. Dough mixing 
and thermorheological characteristics of the control and 
FCL-containing whole-grain wheat flours, as measured 
by the Mixolab device, are shown in Figure 1. Optimum 
water absorption, mixing time and stability of the control 
flour were respectively 63.0% (14% mb), 8.38 min and 10.53 
min. When FCL was added at 15, 30 and 45% based on 
flour weight, water absorption levels slightly increased, 
while mixing times and stabilities somewhat decreased 
depending on the FCL addition level. The increase in water 
absorption was most likely a result of dry matter provided 
by the FCL, which was 4.1% in average. The weakening 
effect of FCL is consistent with the previously published 
farinograph and extensograph studies (Narlıoğlu, 2013; 
Özkaya, 1992). However, Saad et al. (2015) added dried 
FCL to bread formulation at 1.5, 3.0 and 4.5% levels, and 
found that dried FCL addition slightly increased water 
absorption, mixing time, stability and loaf volume.

FCL has been used in the form of a prefermented dough 
(sponge) in almost all previous studies (Baykara, 2006; 
Çebi, 2009, 2014; Hancıoğlu-Sıkılı, 2003; Narlıoğlu, 2013; 
Özkaya, 1992). In this study, however, FCL was directly 
used without preparing a preferment. Furthermore, to the 
best of our knowledge, this is the first study focusing on 
the effects of FCL on whole-grain wheat flour bread rather 
than white-flour bread.

Table 2. Chemical composition of whole-grain wheat flour used 
in breadmaking.

Component Content (%)1

Moisture (wet basis) 12.2
Protein (N×5.7) 11.0
Crude oil 1.69
Ash 1.33
Total carbohydrate 72.0
Damaged starch 5.2

1 14% moisture basis.
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Properties of breads containing fermented-chickpea 
liquor

The pH, baking loss, moisture content and loaf volume 
of breads containing different levels of FCL are listed in 
Table 3. As expected, pH of breads decreased by FCL level. 
Moisture contents (42.0-42.5%) and baking losses (10.8-
13.3%) of breads were similar. In terms of loaf volume, 
however, FCL additions, especially at 30 and 45% levels, 
significantly increased loaf volumes of whole-grain wheat 
flour breads. Given the fact that loaf volume is the chief 
quality parameter of breads and that whole-grain wheat 
flour breads are usually poor in volume, texture, colour 
and flavour (Paşa, 2010; Pyler, 1988) as opposed their 
superior nutritional qualities (Belobrajdic and Bird, 2013; 
Dykes and Rooney, 2007; Hemdane et al. 2016; Kumar 
et al., 2011; Okarter and Liu, 2010; Slavin, 2004), the 
loaf volume increase in whole-grain wheat flour breads 
stemming from FCL usage is of foremost importance. The 
underlying mechanism for loaf volume increase by usage 
of FCL is not clear, yet FCL might have acted in a similar 
manner to sour-dough and improved loaf volume. It was 
reported that sour-dough (Katina et al., 2006) and FCL 
(Hatzikamari et al., 2007a) both raised proteolytic enzyme 
activity, leading to favourable changes in gluten structure, 
bread texture and loaf volume (Katina et al., 2006).

Colour characteristics of whole-grain wheat flour breads 
produced using FCL are given in Table 4. Although FCL 
addition did not have any significant effect on crumb colour, 
it significantly reduced crust lightness (L*) and yellowness 
(b*). Bread crust colour is mostly provided by caramelisation 
and Maillard reactions, where reducing sugars and free 
amino acids play pivotal roles (Pyler, 1988). Since FCL used 
in the study contained 4.1% dry matter, most of which was 
reportedly sugars and free amino acids (Hatzikamari et al., 
2007a), it is plausible that the increase in crust colour was 
a result of FCL.

Crumb hardness and crumb cell structures of FCL-
containing whole-grain wheat flour breads are shown in 
Figure 2 and Figure 3, respectively. In general, addition of 
FCL at 30 and 45% levels reduced the rate and extent of 
crumb hardness as compared to the control bread. However, 
utilisation of FCL at 15% level caused unexpectedly an 
increase in crumb hardness. The results demonstrate that at 
higher levels (30 or 45%), FCL can reduce crumb hardness 
and staling rate of whole-grain wheat flour bread. Baykara 
(2006) found that FCL had no effect on staling rate of bread, 
whereas Tülbek et al. (2003) claimed that FCL extended 
shelf life of bread. Çebi (2009) reported that L. brevis FK2, 
L. lactis FK5 and L. plantarum FK25, all isolated from FCL, 
improved crumb structure, cohesiveness and chewiness of 

Table 3. Baking properties of whole-grain wheat flour breads containing fermented-chickpea liquor (FCL).1

Bread pH Baking loss (%) Moisture content (%) Loaf volume (ml)

Control 5.85 a 10.8 ns2 42.1 ns 415.4 c
15% FCL added 5.75 b 12.1 42.4 421.5 c
30% FCL added 5.70 c 13.3 42.0 454.9 b
45% FCL added 5.65 d 12.3 42.5 523.8 a

1 Different letters in the same column indicate significant difference (P<0.05).
2 No significant difference (P>0.05).

Table 4. Colour properties of whole-grain wheat flour breads containing fermented-chickpea liquor (FCL).1,2

Bread Crust colour Crumb colour

L* a* b* L* a* b*

Control 41.5 a 11.6 ns3 16.8 a 49.9 ns 4.9 ns 14.3 ns
15% FCL added 40.4 a 10.4 15.2 b 49.0 4.6 14.2
30% FCL added 37.3 b 11.6 14.9 b 49.5 4.4 14.1
45% FCL added 33.6 c 11.5 12.9 c 48.1 5.4 14.2

1 Different letters in the same column indicate significant difference (P<0.05).
2 L* = lightness; a* = redness; b* = yellowness.
3 No significant difference (P>0.05).
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bread. Similar to FCL in principal, sour-dough process was 
proved to reduce crumb hardness and staling rate of bread 
through starch hydrolysis to dextrins due to acidification 
and microbial enzyme activity (Clarke et al., 2002; Corsetti 
et al., 1998a,b, 2000; Crowley et al., 2002; Dal Bello et al., 
2007; Lavermicocca et al., 2000). Additionally, proteolytic 
activity in sour dough was reported to change gluten 
structure and thus bread texture (Katina et al., 2006). FCL 
was also determined to have elevated levels of hydrolytic 
enzymes and hydrolysis products (Hatzikamari et al., 
2007a). The results obtained in this study confirm that 
FCL is promising in improvement of whole-grain wheat 
flour bread texture, which is a major shortcoming of whole-
grain wheat flour breads (Hebeda et al., 1990).

Sensory properties of FCL-containing whole-grain wheat 
flour breads are listed in Table 5. As compared to the 
control bread, FCL addition did not cause any significant 
modification on chewing texture, flavour and overall 
sensory quality of breads; however, bread symmetry and cell 
structure were slightly modified. As can be seen in Figure 
3, incorporation of FCL at 15 and 30% levels improved 
cell structure and uniformity of whole-wheat flour breads; 
however, further addition (45%) of FCL led to an open cell 
structure with deteriorated uniformity. Previous studies 
claimed that FCL improved crust colour, flavour and other 
sensory properties of bakery products (Baykara, 2006; 
Narlıoğlu, 2013; Özkaya, 1992). Indeed, FCL and FCL-
containing doughs had an immense and somewhat irritating 
putrid odour; yet, this flavour was lost during baking and 
could not be detected in the breads by the sensory panellists.

When all bread quality parameters discussed thus far were 
taken into account together, use of 30 and 45% FCL in 
whole-grain wheat flour bread formulation appears to be 
the best levels.

Microbiology of doughs containing fermented-chickpea 
liquor (FCL)

Since the best baking results were obtained when FCL was 
used at 30% level, microbiological studies were conducted 
only on the doughs containing 30% FCL. As can be seen 
in Table 6, FCL and 30% FCL-containing dough had 
significantly higher counts of LAB, total aerobic mesophilic 
bacteria and total yeast and mould. Çebi (2009) also isolated 
a total of 120 LAB from FCL and FCL-containing dough. 
LAB are mostly probiotics and can contribute to health. 
Although, total yeast and mould count increased in FCL 
and FCL-containing dough, no fungi growth was observed 
upon five days of inoculation. This can be due to increased 
number of LAB, which was known to control moulding 
via bacteriocin production (Dalie et al., 2010; De Vuyst 
and Vandamme, 1994; Schnürer and Magnusson, 2005; 
Şengün, 2011). On the other hand, Enterobacteriaceae 
family was not detected neither in the control dough nor 
in FCL and FCL-containing dough probably because of 
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Figure 2. Crumb hardness and staling rates of whole-grain 
wheat flour breads containing fermented-chickpea liquor (FCL).
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Figure 3. Crumb cell structures of whole-grain wheat flour 
breads containing fermented-chickpea liquor (FCL).

Table 5. Sensory properties of whole-grain wheat flour breads containing fermented-chickpea liquor (FCL).1,2

Bread Shape and symmetry Cell structure and homogeneity Chewing texture Taste and odour (flavour) Overall
Control 7.9 b 8.2 a 8.2 ns3 8.2 ns 8.1 ns
15% FCL added 8.0 b 8.0 a 8.4 8.2 8.3
30% FCL added 7.6 c 7.4 b 8.2 8.2 8.1
45% FCL added 8.5 a 8.0 a 8.5 8.4 8.4

1 Different letters in the same column indicate significant difference (P<0.05).
2 All properties on a 1 to 10 scale: 1 = worst, 10 = best.
3 No significant difference (P>0.05).
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their vulnerability to lower pH values (Çebi, 2009). The pH 
values of FCL ranged from 4.6 to 4.8 throughout the study.

Total phenolic content and DPPH radical scavenging 
activity of fermented-chickpea liquor incorporated breads

Total phenolic contents and DPPH radical scavenging 
activities of FCL-containing whole-grain wheat flour 
breads are listed in Table 7. FCL additions at 30 and 45% 
significantly increased total phenolics and DPPH radical 
scavenging activities of breads. Phenolics found in whole-
grain wheat flour and chickpea have already been shown to 
contribute to healthy nutrition (Dykes and Rooney, 2007; 
Fosschia et al., 2016; Kumar et al., 2011; Okarter and Liu, 
2010;). It was reported that the amount and composition 
of bioactive compounds are modified during fermentation 
(Dordevic et al., 2010). Additionally, phenolics of chickpea 
were transferred to the liquid phase during fermentation 
and cooking (Clemente et al., 1998). Being a spontaneous 
fermentation product, FCL is likely to be enhanced in 
phenolics, leading to an increase in the breads. Similar in 
principle to FCL, sour dough was reported to modify and 
stabilise certain bioactive compounds (Banu et al., 2010; 
De Angelis et al., 2007). In this respect, rye-based sour 
dough, rich in LAB, was found to increase total phenolics 
and antioxidant capacities of breads (Banu et al., 2010). The 
result of this study proved that FCL can also contribute to 
the nutritional quality of whole-grain wheat flour bread in 
addition to its contribution to bread volume and texture.

4. Conclusions

The study focused on direct utilisation of FCL in whole-
grain wheat flour bread production based on the hypothesis 
that FCL might contribute to poor flavour and texture of 
whole-grain wheat flour breads. For this purpose, FCL 
was incorporated into whole-grain wheat flour bread 
formulation at 15, 30 and 45%, based on flour weight. 
Effects of FCL on dough mixing properties, breadmaking 
qualities and antioxidant activities were studied. The 
results indicate that FCL can improve loaf volume, retard 
staling and enrich nutritional quality of whole-grain wheat 
flour breads. However, FCL has rather limited effect on 
flavour and colour of breads. Further studies are required 
to better understand and make effective use of FCL in 
bakery products.

Table 6. Microbiological properties of whole-grain wheat flour breads containing fermented-chickpea liquor (FCL).1

Dough or FCL Unit Lactic acid bacteria 
count

Enterobacteriaceae family 
count

Total aerobic mesophilic 
bacteria count

Total yeast and 
mould count

Control dough log cfu/g 7.82 b nd2 7.84 c 7.84 c
FCL log cfu/g 7.84 b nd 8.08 b 7.97 b
30% FCL-added dough log cfu/g 8.15 a nd 8.14 a 8.11 a

1 Different letters in the same column indicate significant difference (P<0.05).
2 Not detected.

Table 7. Total phenolic contents and DPPH radical scavenging activities of whole-grain wheat flour breads containing fermented-
chickpea liquor (FCL).1

Bread Total phenolic content (mg/100 g)2 DPPH radical scavenging activity (%)2

Control 0.44 b 27.3 b
15% FCL added 0.44 b 26.8 b
30% FCL added 0.63 a 30.5 a
45% FCL added 0.64 a 29.7 a

1 Different letters in the same column indicate significant difference (P<0.05).
2 Dry-matter basis.



� Fermented-chickpea liquor on whole-wheat flour bread

Quality Assurance and Safety of Crops & Foods 10 (2)� 191

References

American Association of Cereal Chemists International (AACC), 
2000. AACC approved methods (10th Ed.). AACC International, 
St. Paul, MN, USA.

Banu, I., Vasilean, I. and Aprodu, I., 2010. Effects of lactic acid 
fermentation on antioxidant capacity of rye sourdough and bread. 
Food Science and Technology Research 16: 571-576.

Baykara, P., 2006. Using of traditional chickpea leavener in the 
manufacture of industrial white wheat bread [Geleneksel Nohut 
Mayasının Endüstriyel Beyaz Buğday Unu Ekmeği Üretiminde 
Kullanımı]. MSc thesis, Trakya University, Tekirdağ, Turkey.

Belobrajdic, D.P. and Bird, A.R., 2013. The potential role of 
phytochemicals in wholegrain cereals for the prevention of type-2 
diabetes. Nutrition Journal 12: 62-67.

Beta, T., Nam, S., Dexter, J.E. and Sapirstein, H.D., 2005. Phenolic 
content and antioxidant activity of pearled wheat and roller-milled 
fractions. Cereal Chemistry 82: 390-393.

Brummer, J.M. and Lorenz, K., 1991. European developments in wheat 
sourdough. Cereal Foods World 36: 310-314.

Cauvain, S.P. and Young, L.S., 2009. The ICC handbook of cereals, 
flour, dough & products testing: methods of applications. DEStech 
Publications Inc., Lancaster, USA, 498 pp.

Çebi, K., 2009. Isolation and identification of lactic acid bacteria from 
chickpea yeast and dough [Nohut Mayası ve Hamurundan Laktik 
Asit Bakterilerinin İzolasyonu ve İdentifikasyonu]. MSc thesis, 
Atatürk University, Erzurum, Turkey.

Çebi, K., 2014. The effects of lactic acid bacteria strains isolated from 
chickpea fermentation/dough products on volatile profile and 
other quality parameters of bread [Nohut Mayası/Hamurundan 
İzole Edilen Laktik Asit Bakteri Suşlarının Ekmeğin Uçucu Profili 
ve Diğer Bazı Kalite Parametreleri Üzerine Etkileri]. PhD thesis, 
Atatürk University, Erzurum, Turkey.

Clarke, C., Schober, T.J. and Arendt, E.K., 2002. Effect of single strain 
and traditional mixed strain starter cultures in rheological properties 
of wheat dough and bread quality. Cereal Chemistry 79: 640-647.

Clemente, A., Vioque, R.S., Vique, J., Bautista, J. and Millan, F., 1998. 
Effect of cooking on protein quality of chickpea (Cicer arietnum) 
seeds. Food Chemistry 62: 1-6.

Corsetti, A., Gobbetti, M., Balestrieri, F., Paoletti, F., Russi, L. and Rossi, 
J., 1998a. Sourdough lactic acid bacteria effects on bread firmness 
and staling. Journal of Food Science 63: 347-351.

Corsetti, A., Gobbetti, M., De Marco, B., Balestrieri, F., Paoletti, F., 
Russi, L. and Rossi, J., 2000. Combined effect of sourdough lactic 
acid bacteria and additives on bread firmness and staling. Journal 
of Agricultural and Food Chemistry 48: 3044-3051.

Corsetti, A., Gobbetti, M., Rossi, J. and Damiani, P., 1998b. Antimould 
activity of sourdough lactic acid bacteria, identification of a mixture 
of organic acids produced by Lactobacillus sanfrancisco CB1. 
Applied Microbiology and Biotechnology 50: 253-256.

Crowley, P., Schober, T., Clarke, C. and Arendt, E., 2002. The effect 
of storage time on textural and crumb grain characteristics of 
sourdough wheat bread. European Food Research Technology 
214: 489-496.

Dal Bello, F., Clarke, C.I., Ryan, L.A.M., Ulmer, H., Ström, K., Sjögren, J., 
Van Sinderen, D., Schnürer, J. and Arendt, E.K., 2007. Improvement 
of the quality and shelf life of wheat bread by using the antifungal 
strain Lactobacillus plantarum FST 1.7. Journal of Cereal Science 
45: 309-318.

Dalie, D.K.D., Deschamps, A.M. and Richard-Forget, F., 2010. 
Lactic acid bacteria – potential for control of mould growth and 
mycotoxins: a review. Food Control 21: 370-380.

De Angelis, M., Rizzella, C.G., Alfonsi, G., Arnould, P., Coppelle, S., 
Tossut, P., Di Cagno, R. and Gobbetti, M., 2007. Use of lactobacilli 
and oat fibre to decrease glycemic index of white-wheat bread. 
British Journal of Nutrition 98: 1196-1205.

De Vuyst, L. and Vandamme, E.J., 1994. Bacteriocins of lactic acid 
bacteria, microbiology, genetics and applications. Blackie Academic 
and Profesional, New York, NY, USA.

Desphande, S.S. and Damodaran, S., 1990. Food legumes: chemistry 
and technology. In: Pomeranz, Y. (ed.) Advances in cereal science 
and technology (Vol. 10). American Association of Cereal Chemists, 
St. Paul, MN, USA, pp. 147-241.

Dordevic, T.M., Marincovic, S.S. and Brankovic S.D., 2010. Effect of 
fermentation on antioxidant properties of some cereals and pseudo 
cereals. Food Chemistry 119: 957-963.

Dykes, L. and Rooney, L.W., 2007. Phenolic compounds in cereal 
grains and their health benefits. Cereal Foods World 52: 105-111.

Elgün, A., Ertugay, Z., Certel, M. and Kotancılar, G., 2002. Analytical 
quality control in cereals and products – laboratory application 
guide [Tahıl ve Ürünlerinde Analitik Kalite Kontrolü ve Laboratuvar 
Uygulama Klavuzu]. Atatürk University, Erzurum, Turkey.

Foschia, M., Horstmann, W.S., Arendt, E.K. and Zannini, E., 2016. 
Legumes as functional ingredients in gluten-free bakery and pasta 
products. Food Science and Technology 8: 1-22.

Gordon, D.T. and Wrigley, C., 2004. Whole-grain versus refined 
products. In: Wringley, C., Corke, H. and Walker, C.E. (eds.) 
Encyclopedia of grain science. Elsevier, New York, NY, USA, pp. 
424-429.

Hancıoğlu-Sıkılı, Ö., 2003. Investigation of microbiological and 
flavour characteristics of chickpea sweet dough [Nohut Mayasının 
Mikrobiyolojik ve Lezzet Karakteristiklerinin Araştırılması]. PhD 
thesis, Ege University, İzmir, Turkey.

Hatzikamari, M., Kyriakidis, N., Tzanetakis, N., Biliaderis, C.G. and 
Tzanetaki, E.L., 2007a. Biochemical changes during a submerged 
chickpea fermentation used as a leavening agent for bread 
production. European Food Research and Technology 224: 715-723.

Hatzikamari, M., Yiangou, M., Tzanetakis, N. and Litopoulou-
Tzanetaki, E., 2007b. Changes in numbers and kinds of bacteria 
during a chickpea submerged fermentation used as a leavening agent 
for bread production. International Journal of Food Microbiology 
116: 37-43.

Hebeda, R.E., Bowles, L.K. and Teague, W.M., 1990. Developments 
in enzymes for retarding staling of baked goods. Cereal Foods 
World 35: 453-457.

Hemdane, S., Jacobs, J.P., Dornez, E., Verspreet, J., Delcour, J A. and 
Courtin, M.C., 2016. Wheat (Triticum aestivum L.) bran in bread 
making: a critical review. Comprehensive Reviews in Food Science 
and Food Safety 15: 28-42.



A. Sayaslan and N. Şahin

192� Quality Assurance and Safety of Crops & Foods 10 (2)

Katina, K., Salmankallio-Marttila, M., Partanen, R., Forssel, P. and 
Autio, K., 2006. Effects of sourdough and enzymes on staling of 
high-fibre wheat bread. LWT – Food Science and Technology 
39: 479-491.

Katsaboxakis, K. and Mallidis, K., 1996. The microflora of soak water 
during natural fermentation of coarsely ground chickpea (Cicer 
arietinum) seeds. Letters in Applied Microbiology 23: 261-265.

Kumar, P., Yadava, R.K., Gollen, B., Kumar, S., Verma, R.K. and Yadav, 
S., 2011. Nutritional contents and medicinal properties of wheat: a 
review. Life Sciences and Medicine Research 22: 1-10.

Lavermicocca, P., Valerio, F., Evidente, A., Lazzaroni, S., Corsetti, A. 
and Gobbetti, M., 2000. Purification and characterization of novel 
antifungal compounds from the sourdough Lactobacillus plantarum 
strain 21B. Applied and Environmental Microbiology 66: 4084-4090.

Liljeberg, H. and Björck, I., 1994. Bioavailability of starch in bread 
products: postprandial glucose and insulin responses in health 
subjects and in vitro resistant starch content. European Journal of 
Clinical Nutrition 48: 151-164.

Liljeberg, H.G.M., Lönner, C.H. and Björck, I.M.E., 1995. Sourdough 
fermentation or addition of organic acids or corresponding salts to 
bread improves nutritional properties of starch in healthy humans. 
Journal of Nutrition 125: 1503-1511.

Narlıoğlu, G., 2013. Investigation of some properties of traditional 
chickpea yeast and its use in pastry [Geleneksel Nohut Mayasının 
ve Üretiminde Kullanıldığı Poğaçaların Bazı Özelliklerinin 
İncelenmesi]. MSc thesis, Kahramanmaraş Sütçü İmam University, 
Kahramanmaraş, Turkey.

Okarter, N. and Liu, R.H., 2010. Health benefits of whole grain 
phytochemicals. Critical Reviews in Food Science and Nutrition 
50: 193-208.

Özkaya, B., 1992. The effects of some kind of starter cultures on the 
rheology of dough and the quality of bread [Starter Kültür Olarak 
Paket Mayası Eksi Hamur Mayası ve Nohut Mayasının Hamurun 
Reolojik Özellikleri ve Ekmeğin Kalitesine Etkileri]. PhD thesis, 
Ankara University, Ankara, Turkey.

Paşa, R.E., 2010. A research on the production of whole wheat bread 
[Tam Buğday Ekmeği Üretimi Üzerine Bir Araştırma]. MSc thesis, 
Selçuk University, Konya, Turkey.

Pyler, E.J., 1988. Baking science and technology (3rd Ed.). Sosland 
Publishing, Kansas City, MO, USA.

Saad, A.M., Ragab, A., Elmassry, R.A., Wahdan, K.K.M. and Ramadan, 
M.F., 2015. Chickpea (Cicer arietinum) steep liquor as a leavening 
agent: effect on dough rheology and sensory properties of bread. 
Acta Periodica Technologica 46: 91-102.

Schnürer, J. and Magnusson, J., 2005. Antifungal lactic acid bacteria 
as preservatives. Trends in Food Science and Technology 16: 70-78.

Şengün, Y.I., 2011. Lactic acid bacteria used in the production of 
fermented food. Biological Diversity and Conversation 4: 42-53.

Shah, A.R., Shah, R.K. and Madamwar, D., 2006. Improvement of 
the quality of whole wheat bread by supplementation of xylanase 
from Aspergillus foetidus. Bioresource Technology 97: 2047-2053.

Singleton, V.L., Orthofer, R. and Lamuela-Raventos, R.M., 1999. 
Analysis of total phenols and other oxidation substrates and 
antioxidants by means of Folin-Ciocalteu reagent. Methods in 
Enzymology 299: 152-178.

Slavin, J., 2004. Whole grains and human health. Nutrition Research 
Reviews 17: 99-110.

Sudha, M.L. and Rao, V.G., 2008. Influence of hydroxypropyl 
methylcellulose on the rheological and microstructural characteristic 
of whole wheat flour dough and quality of Puri. Journal of Texture 
Studies 40: 172-191.

Thiele, C., Gänzle, G. and Vogel, R.F., 2002. Contribution of sourdough 
lactobacilli, yeast, and cereal enzymes to the generation of amino 
acids in dough relevant for bread flavour. Cereal Chemistry 
79: 45-51.

Tülbek, M.C., Hall, C. and Schwarz, J.G., 2003. The use of fermented 
chickpea on dough rheology and wheat pan bread quality. In: 
Abstracts of IFT Annual Meeting, July 12-16, 2003, Chicago, IL, 
USA. Available at: http://tinyurl.com/y8mv7mr2.

http://tinyurl.com/y8mv7mr2

