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ABSTRACT 

Bread enrichment with fiber-rich leafy vegetables and fermented by-products of milling 

has gained more attention in recent years. In the present study, the antifungal lactic acid 

bacterium isolated from Tarkhineh was used as starter culture in controlled wheat germ 

sourdough in order to improve quality and safety of the white wheat bread containing 

wheat germ sourdough along with dehydrated spinach puree. The optimized formulation 

(10% wheat germ sourdough and 20% dehydrated spinach puree, which were replaced 

by wheat flour) was determined based on the crumb softness of the enriched breads. 

Then, the quality characteristics of the supplemented breads were studied in terms of 

textural properties, antioxidant activity, surface moldiness, phytic acid content and 

organoleptic acceptability. The sequencing of polymerase chain reaction products led to 

the identification of Lactococcus lactis as the selected antifungal lactic acid bacterium 

isolate. Texture profile analysis revealed the significant effect (P< 0.05) of wheat germ 

sourdough and dehydrated spinach puree on crumb hardness and loaf specific volume of 

the produced breads. Bread containing wheat germ sourdough along with dehydrated 

spinach puree had the highest radical scavenging activity. Green zone of Asprgillus flavus 

growth on wheat germ sourdough supplemented bread and phytic acid content of the 

aforementioned sample were also remarkably lower than the others. Furthermore, there 

was no significant difference between bread enriched with wheat germ sourdough and 

wheat germ sourdough along with dehydrated spinach puree in terms of sensory 

acceptability compared to the control sample.  
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INTRODUCTION 

Bread is staple food all over the world and, 

therefore, its enrichment with natural plant-

based products is a key strategy to improve its 

nutritional values and quality characteristics. 

Among the potential candidates, by-products 

of cereal milling (such as wheat germ) and 

green leafy vegetables (like spinach) are the 

cheapest and locally available bio-additives 

rich in vitamins and micronutrients. The 

positive effects of these supplements on bread 

sensory and quality attributes, as well as its 

safety have been also verified. Furthermore, 

the results of the pharmaceutical investigations 

revealed that a high-fiber diet may reduce the 

risk of serious disease (Elleuch et al., 2011; 

Hobbs et al., 2014).  

Wheat germ as a by-product of wheat 

milling is rich in polyunsaturated fatty 

acids and, therefore, its removal is aimed at 

eliminating of flour rancidity and reducing of 

its anti-nutritional factors such as raffinose and 
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phytic acid. Meanwhile, wheat germ is 

considered as a valuable source of functional 

compounds including phytochemicals, dietary 

fiber, minerals, α-tocopherol and vitamins. 

Interestingly, it is revealed that the lactic 

fermentation can improve some nutritional 

properties of the germ, control the endogenous 

lipase activity, reduce the concentration of 

raffinose and increase its phytase activity 

(Rizzello et al., 2010; Rizzello et al., 2011). 

Positive effects associated with the use of 

wheat germ in bread have been detected in 

Sun et al. (2015) survey. Accordingly, 

addition of appropriate levels (up to 6% of 

flour) of wheat germ affects quality (sensory 

and textural) attributes of the supplemented 

bread without altering its desirable properties.  

Rizzello et al. (2010) observed that the 

concentration of free amino acids, protein 

digestibility, and antioxidant activities were 

also increased in bread containing freeze dried 

Wheat Germ Sourdough (WGS: 4% w/w of 

wheat flour). Furthermore, shelf life, texture 

and sensory characteristics of traditional wheat 

bread were enhanced using WGS. Reduction 

of glutathione, as well as inactivation of lipase 

and lipoxygenase was observed in wheat 

germ-stabilized by sourdough fermentation in 

Marti et al. (2014) study. Furthermore, 

addition of 20% WGS led to a high specific 

volume and low firmness in produced bread 

through acidification induced by Lactic Acid 

Bacteria (LAB).  

Production of novel vegetable-enriched 

bread as a potential vehicle to increase 

consumption of bioactive ingredients, health-

promoting nutrients and antioxidants is also a 

crucial strategy. It is reported that the use of 

spinach as a part of bread formulation 

increases water holding capacity and bread 

quality, decreases dough stability, improves 

overall acceptability, and enhances the daily 

intake of vitamins (B, C, K) and minerals 

(iron, calcium). Spinach is also rich in folate 

(natural isoforms of vitamin B9), that is 

synthesized only by the plants and 

microorganisms, and it is involved in many 

important metabolic pathways (López-Nicolás 

et al., 2014).  

López-Nicolás et al. (2014) indicated that 

the folate-fortified bread (containing 40% 

spinach) obtained higher scores in sensory 

acceptability in comparison with the non-

fortified wheat breads. Furthermore, spinach 

as a fiber-rich leafy vegetable positively 

influenced bread quality attributes. Khan et al. 

(2015) studied the effect of spinach 

incorporation on physico-chemical, nutritional 

and sensory characteristics of chapatti. These 

researchers revealed that 5% dehydrated 

spinach powder remarkably improved textural 

and sensory qualities, as well as mineral, 

carotenoid and fiber contents of the enriched 

bread. Sadeghi et al. (2019) reported that 

controlled rice bran sourdough along with 

pumpkin puree improved techno-functional 

properties of the supplemented wheat bread. 

Accordingly, antioxidant capability, in situ 

antifungal activity, and textural properties of 

the enriched product were significantly better 

than the control sample.  

The aim of the present study was 

simultaneous application of WGS (fermented 

with a selected Tarkhineh LAB) and 

Dehydrated Spinach Puree (DSP) to improve 

quality characteristics of loaf wheat bread. It 

should be noted that, based on our best 

knowledge, there is no report about 

simultaneous application of these supplements 

in order to produce supplemented wheat bread. 

These compounds contain functional 

ingredients that can modify the sensory 

properties, antioxidant capacity, textural 

features and the other techno-functional 

attributes of the product due to their 

synergistic interactions.  

MATERIALS AND METHODS 

Raw Materials 

Wheat germ flour (by-product of wheat 

milling with particle size of 500 µm) was 

purchased from a local milling factory. The 

chemical compositions of the raw 

materials are as below: White wheat flour 

(68% extraction rate, 27.2% wet gluten) and 
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wheat germ flour used in the present study had 

1.37±0.09, 7.92±0.11% fat; 12.25±0.20, 

26.43±0.17% protein; and 0.55±0.03, 

1.74±0.05% ash contents, respectively, in 

accordance with AACC (2010) standard 

methods. Microbial media (Merck, Germany) 

and chemical reagents (Merck, Germany; 

Sigma-Aldrich, USA) were also purchased 

with analytical grade. 

Isolation, Molecular Identification, and 

Screening of the Tarkhineh LAB 

Tarkhineh (Kashkineh) as a nutritious 

Iranian traditional fermented food was 

formulated (50% goats’ fermented milk and 

grounded wheat) and then it was processed 

(incubation at 37°C for 24 hours). Tarkhineh 

LAB were also isolated through spread 

plating of the serially ten-fold diluted 

samples on de 

Man, Rogosa and Sharpe (MRS) and M17 

agar. Then, the plates were incubated (at 

37°C for 24 hours) and subsequently the 

colonies were streaked plate in the identical 

conditions to obtain single pure colony of 

each LAB isolate. After that, the isolates 

were checked by Gram-staining and catalase 

assay, and they were screened based on their 

inhibitory activity against Aspergillus flavus 

(ATCC 9643) through the overlay bioassay 

(Magnusson et al., 2003). Next step, the 

selected LAB isolate (with the highest 

antifungal effect) was identified by a PCR-

amplification (Corbett, Australia) of 1500 

base pair (bp) target sequence from its 16S 

rDNA gene in accordance with Abnous et al. 

(2009). Finally, the PCR products were 

sequenced (Bioneer, South Korea), and the 

sequencing results were compared with the 

data available in National Center for 

Biotechnology Information (NCBI) by Basic 

Local Alignment Search Tool (BLAST) 

algorithm. The phylogenetic evolutionary 

tree was also drawn with the data using 

MEGA6 software through neighbor-joining 

method with 1,000 bootstrap replicates 

(Tamura et al., 2013).  

Controlled Fermentation of Wheat 

Germ by the Selected Tarkhineh LAB 

After two times activation (24 hours 

incubation at 37°C on MRS broth) of the 

selected LAB isolate, its population was 

adjusted to 10
8
 Colony Forming Units 

(CFU) mL
-1

, and then the Tarkhineh LAB 

was inoculated (10
8
 CFU g-

1
) to mixture of 

wheat germ and sterile tap water with dough 

yield (the ratio of dough to flour×100) of 

160. Subsequently, the mixture was 

incubated at 37 °C for 24 h, and then the pH 

(pH meter; Knick, Germany) and Total 

Titratable Acidity (TTA) of the produced 

WGS were monitored in accordance with 

Rizello et al. (2010) through titration of 10 g 

sourdough and 90 mL water mixture against 

0.1N NaOH to pH 8.5. 

Preparation of DSP 

To produce DSP, spinach leaves were 

blanched (80°C for 10 minutes), and then 

the leaves were mixed by a household 

steamer-mixer (Philips, Netherland). 

Subsequently, the produced puree was 

dehydrated until the final moisture content 

of approximately 20% by a laboratory 

heating oven (Diamante et al., 2014). This 

puree had 20.65±0.37% protein and 

10.25±0.16% crude fiber (AOAC, 2003). 

Bread Formulations and Baking 

To produce control bread, wheat flour, tap 

water (60%), baker’s yeast (2%: Razavi 

Yeast Co., Iran), sugar (1%) and NaCl (1%: 

Golha Co., Iran) were mixed, and the 

mixture was proofed in Behdad Co. (Iran) 

laboratory incubator (90 minutes at 36°C). 

Subsequently, the dough (divided into pieces 

of 100±5 g) was baked (at 180±5°C for 

20±2 minutes) in an electrical oven (Feller, 

Germany). Next, screening based crumb 

softness (instrumental analysis) along with 

sensory acceptability (panel test) was used 

to select the best formulation among the 
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samples containing 5-15% WGS and 10-

30% DSP. After selecting the best 

formulation, the appropriate amount of 

WGS, DSP or their mixture, as well as Non-

Fermented Wheat Germ (NFWG) alone and 

mixed with DSP were also added to the 

dough prepared for the control sample 

before the proofing step. After that, these 

samples were processed in identical 

conditions, and their textural and sensorial 

characteristics, as well as their antioxidant 

activities and phytic acid contents were 

determined in comparison with the control. 

It should be noted that water absorption of 

the control dough (wheat dough) was 

determined using farinography (Brabender, 

Germany). Then, the moisture content of the 

other dough samples (supplemented with 

WSG, NFWG, DSP or their mixtures) was 

determined in accordance with AACC 

(2010) standard method. Subsequently, 

amount of water for each formulation was 

calculated considering its moisture content 

and water content of the control sample 

(based on dry-basis weight). Accordingly, 

the amount of water added to each 

formulation was sample-specific. 

Crumb Textural Properties 

The crumb textural properties (hardness: 

force required for a pre-determined 

deformation, springiness: rate at which a 

deformed sample returns to its original size 

and shape, and cohesiveness: strength of 

internal bonds in the sample) were 

investigated using a Texture Profile Analysis 

(TPA) system (Plus Stable Micro Systems, 

England) with a cylindrical aluminum probe 

(25 mm diameter) as described by Rizello et 

al. (2010), 2 hours after baking. In TPA 

assay, the test speed was 1.0 mm/s to 

compress the center of the crumb a distance 

of 50% (three uniform slices of 25 mm 

thickness). Specific volume of the loaf was 

also evaluated according to the rapeseed 

displacement method (AACC, 2010). Bread 

specific volume was obtained by dividing 

the volume by the loaf weight (expressed as 

cm
3
 g

-1
). 

Surface Moldiness 

Surface moldiness on the produced breads 

was studied through measurement of the A. 

flavus mycelia and its green zone growth 

according to Gerez et al. (2009) method 

with slight modifications. In brief, a sterile 

paper disc (6 mm) was placed on the 

produced breads. Then, the fungal spores 

(10
6
 spores mL

-1
) were inoculated on the 

disc. Subsequently, the diameter of the mold 

growth was determined around the disc. The 

impact of the formulations on bread pH and 

water activity (aw) was also investigated 

through measuring the pH and aw (aw meter; 

Novasina LabSwift, Switzerland).  

Antioxidant Activity 

The scavenging effect of WGS, DSP, 

WGS-DSP, NFWG and NFWG-DSP was 

assayed using 1,1-DiPhenyl-2-

PicrylHydrazyl (DPPH) free radical on 

methanolic (10% w/v in 80% methanol) 

extract of the supplemented breads 

compared to the control wheat bread and 

Butylated HydroxyAnisole (BHA) as a 

reference through measuring of absorbance 

using a spectrophotometer (PG Instruments, 

England) at 517 nm (Yu et al., 2003). The 

total phenol content of the methanolic 

extract was also determined using Folin-

Ciocalteu's reagent and expressed as gallic 

acid equivalent. To 50 mL of each sample, 

2.5 mL 1/10 dilution of the reagent and 2 

mL of Na2CO3 (7.5% w/v) were added and 

incubated at 45°C for 15 minutes. The 

absorbance of the samples was measured at 

765 nm (Chlopicka et al., 2012). 

Phytic Acid Content 

Phytic acid contents of the produced 

breads were determined in accordance with 
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Figure 1. Inhibitory effect of the selected LAB isolate (b) against A. flavus in overlay bioassay, compared to 

the control (a). 

 

the method described by Haug and Lantzsch 

(1983). Briefly, each sample was extracted 

with 0.2N HCl. Then, 1 mL of ammonium 

iron III solution was added to 0.5 mL of this 

extract. Subsequently, the mixture was 

heated (boiling water bath for 30 minutes) 

and cooled to the room temperature. Next, it 

was centrifuged (Hanil Combi, South Korea; 

3,000×g for 30 minutes), and 1 mL of the 

supernatant was mixed with 1.5 mL of 2,2’-

bipyridine solution. Finally, the absorbance 

was measured at 519 nm. The amount of 

phytic acid was determined using a standard 

curve calibrated with the sodium salt of 

phytic acid.  

Sensory Acceptability 

Bread (a slice of crumb and crust together 

with approximately 30 mm thickness) 

sensory acceptability was determined 2 

hours after baking (under white light at room 

temperature) in terms of chew ability, color, 

flavor, shape and aroma through a 5-point 

hedonic scale (with 1 and 5 as the lowest 

and the highest scores, respectively) by semi 

trained panelists (5 males and 5 females 

aged between 22 and 42 years) in 

accordance with Rizello et al. (2010). 

Finally, the average of scores was recorded. 

Statistical Analysis 

All the experiments were done in 

triplicates, and the data were statistically 

analyzed using one-way Analysis Of 

Variance (ANOVA). The means were also 

compared through the Least Significant 

Difference (LSD) post hock by SPSS 

(version 20) software at P< 0.05 statistical 

significance. The data were also reported as 

mean±standard deviation. 

RESULTS AND DISCUSSION 

LAB Isolation, Selection and 

Identification 

Among the different catalase-negative and 

Gram-positive LAB isolated from 

Tarkhineh, potent antifungal activity of the 

selected LAB isolate was verified (Figure 1). 

This cocci isolate was identified as 

Lactococcus lactis based on the sequencing 

results of the PCR products. The selected 

isolate was a member of Lactococcus genus, 

and L. lactis JN863653.1 was the nearest 

LAB to the isolate in phylogenic 

evolutionary tree (Figure 2). 

Tarkhineh is a mixture of grounded wheat 

and goats’ fermented milk. This fermented 

ecosystem harbors LAB with proper techno-

functional capabilities. Therefore, Tarkhineh 

is a good resource to isolate functional LAB 

with unique characteristics (Vasiee et al., 

2014). In order to use an isolate as starter or 

adjunct culture, the functionalities of the 

isolate are more important than the isolation 

source (Ebrahimi et al., 2020). There are 

some reports for isolation of sourdough 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

4.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                             5 / 13

https://dorl.net/dor/20.1001.1.16807073.2021.23.4.6.5
https://jast.modares.ac.ir/article-23-37775-en.html


  _____________________________________________________________________ Ebrahimi et al. 

844 

 

Figure 2. Phylogenetic evolutionary position of the LAB isolate obtained from its 16S rRNA sequence analysis 

using neighbor-joining method. The bar indicates 2% sequence divergence 

 

potential starter cultures from fermented 

substrates that were different from the 

ingredients used in bread making. For 

example, Plessas et al. (2005) used kefir 

grains as baker’s yeast in bread processing. 

Accordingly, the positive effect of kefir 

grains on technological functionality of the 

kefir-leavened bread was approved. 

Crumb TPA and Specific Volume 

The pH and TTA amounts of WGS were 

4.68±0.12 and 6.79±0.05, respectively. 

Considering the direct and indirect effects of 

crumb texture on bread quality attributes in 

terms of sensory properties, shelf life and 

even nutritional value of the product, the 

sample with the least crumb hardness 

(Figure 3) was selected for further studies. It 

should be noted that the sensory 

acceptability of the selected sample had no 

significant difference (P> 0.05) with the 

control. Blending wheat flour with 5-15% 

WGS generally did not alter the crumb 

hardness. With the increase of the DSP from 

10 to 30%, the hardness of bread crumb 

decreased slightly, but significantly 

(especially at 30% level). Meanwhile, the 

hardness of DSP-enriched breads was lower 

than the control sample, except for bread 

with 30% DSP. Furthermore, the sample 

containing 5% WGS along with 30% DSP 

had the highest hardness, and hardness of 

the supplemented bread with 10% WGS 

along with 20% DSP was the least (selected 
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Figure 3. Crumb hardness of the wheat breads containing different amounts of Wheat Germ Sourdough (WGS: 

5-15% w/w) and Dehydrated Spinach Puree (DSP: 10-30% w/w) as alone and mixed compared to the control 

sample (C). Different letters indicate significant difference at P< 0.05   

 

formulation). Quality characteristics of the 

supplemented wheat breads with the selected 

amounts of WGS and DSP are shown in 

Table 1. The control sample and bread 

containing WGS had the highest and the 

least amounts of crumb hardness, 

respectively. Furthermore, there was no 

significant difference between supplemented 

breads with WGS and WGS-DSP in terms of 

hardness. The highest amount of loaf 

specific volume was also observed in bread 

supplemented with WGS, whereas, the 

effects of NFWG and WGS on springiness 

were significantly (P< 0.05) different. In 

addition, cohesiveness of the supplemented 

breads with WGS, DSP and their mixture 

was significantly higher than the other 

samples. 

Majzoobi et al. (2012) reported that the 

increasing NFWG level (5-15% w/w) had 

negative effect on bread volume and 

softness. Khan et al. (2015) found that the 

hardness and chewiness of enriched 

chapaties were increased with the increase 

of spinach powder; whereas, springiness was 

decreased. The increase in water absorption 

in enriched bread with spinach may be 

attributed to the hydroxyl groups present in 

the spinach fiber. Furthermore, the effect of 

spinach on bread texture is related to the 

interactions between the fiber structure and 

the wheat proteins, as well as the partial 

disruption of the gluten network and the 

change in hydration. The crucial effects of 

sourdough fermentation and fiber-rich leafy 

vegetables on bread softness have been 

approved. There are three main different 

phenomena influencing sourdough bread 

texture. The first one is acidic environment, 

which has its primary (direct effect on dough 

rheology and structure) and secondary 

(influence on activity of endogenous 

enzymes) fundamental effects on gluten 

network. The second one is microbial 

enzymes, and the third one is the other 

microbial metabolites like  
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 exopolysaccharides and arabinoxylans. 

These metabolites reduce the starch 

retrogradation or increase the water holding 

capacity of the produced bread leading to its 

softness (Arendt et al., 2007). Furthermore, 

addition of high amount of fiber 

(approximately 15%) would alter dough's 

rheological properties and change textural 

features of the produced bread. However,  

 

the numbers of hydroxyl groups of fiber 

(which depend on the type of fiber) 

determine its impact on the product quality. 

This effect is due to the thickening of the 

walls surrounding the air bubbles in the 

crumb, and water binding capacity of fiber 

that avoids water loss during storage (Wang 

et al., 2002).  

Surface Moldiness 

There was no significant difference (P> 

0.05) between bread containing WGS and 

NFWG in comparison with the control 

sample in terms of surface moldiness (Table 

2). However, green zone of the mold growth 

(as an indicator of fungal sporulation) on 

wheat bread containing WGS was 

remarkably prevented compared to the other 

samples (Figure 4). The pH of wheat bread 

containing WGS was significantly (P< 0.05) 

lower than the other samples, but there was 

no significant difference among the 

produced breads in terms of aw.  

Moldiness is responsible for huge 

economic losses and a serious safety 

problem in bakery products. There are 

several approaches to control fungal 

spoilage in bakeries; nevertheless, this 

problem remains unsolved. Currently bio-

preservation capability of controlled 

sourdough fermented with selected 

antifungal LAB, a promising strategy, has 

been introduced with pivotal effects on 

quality and safety of the product (Ebrahimi 

et al., 2020). Researchers realized that 

antagonistic activities of LAB take place 

through their competition with unwanted 

microorganisms for nutrients and synthesis 
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Table 2. pH, aw and percentage of mold growth on the produced wheat breads containing Wheat Germ 

Sourdough (WGS: 10% w/w), Dehydrated Spinach Puree (DSP: 20% w/w) and Non-Fermented Wheat Germ 

(NFWG: 10% w/w) as alone and mixed. a 

Bread samples pH aw Surface moldiness 

(%) 

Green zone of the 

mold growth (%) 

Control 5.46 ±0.04
a
 0.96 ± 0.01

a
 15.85 ± 3.09

b
 10.33 ± 0.74

a
 

WGS 4.31 ±0.04
d
 0.94 ±0.02

a
 18.14 ± 0.89

b
 4.78 ± 0.07

d
 

NFWG 5.20 ±0.03
b
 0.93 ±0.01

a
 16.61 ± 3.04

b
 11.03 ± 0.43

a
 

DSP 5.22 ±0.03
b
 0.97 ±0.01

a
 33.92 ± 2.15

a
 8.10 ± 0.12

b
 

WGS+DSP 4.84 ±0.06
c
 0.95 ±0.02

a 
 36.34 ± 2.76

a
 6.64 ± 0.51

c
 

NFWG+DSP 5.18 ±0.01
b
 0.95 ±0.03

a
 31.10 ± 7.07

a
 7.07 ± 0.40

bc
 

a (a-d) Different letters in each column indicate significant difference at P<0.05. 

 

Figure 4. Surface and green zone of A. flavus growth on white wheat breads supplemented with 10% wheat 

germ sourdough (a), 10% non-fermented wheat germ (b), 20% dehydrated spinach puree along with 10% 

wheat germ 

of a wide variety of bioactive antimicrobial 

metabolites like proteinaceous inhibitory 

compounds, mixture of organic acids, 

phenyl lactic acid, and antioxidants (Dalié et 

al., 2010). Furthermore, the decrease in 

moldiness may be due to the interaction of 

antifungal metabolites and or inhibitory 

compounds released from substrates during 

fermentation, as well as less water available 

for initial growth and sporulation of the 

fungus (Debonne et al., 2018). In the present 

study, aw of the wheat and supplemented 

breads ranged from 0.93 to 0.97, and it is 

similar to values reported in literature 

(Debonne et al., 2018). Similarly, aw value 

of the bread was not affected by hope 

Humulus lupulus extract addition in 

Nionelli et al. (2018) study. To interpret 

these findings, it should be noted that the pH 

and aw have different effects on mold growth 

in different conditions. For example, it is 

hypothesized that reduction of aw leads to 

reduction of fungal growth. Meanwhile, in 

lower aw, the release of inhibitory 

compounds will be decreased. Accordingly, 

these factors have a very complex effect on 

the mold growth in bread. 

Antioxidant Activity 

All the supplemented samples containing 

WGS and DSP scored notably higher than 

the control in terms of DPPH scavenging 

activity (Table 1). Bread supplemented with 

WGS along with DSP had the highest 
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amount of antioxidant activity among the 

produced samples, and bread containing 

WGS had the same scavenge effect of 0.5 

mg mL
-1

 BHA (70%). Furthermore, the 

effect of fermentation on antioxidant activity 

was significantly (P< 0.05) higher than the 

spinach. 

The interference of WGS on DPPH 

scavenging activity observed in this study 

was also verified by Liu et al. (2017). The 

most important effects of LAB fermentation 

on antioxidant activity are correlated to their 

ability to produce and/or release of bioactive 

metabolites, as well as proteolysis activity of 

the LAB (Đorđević et al., 2010). The type 

and amount of the phenolics and other 

antioxidant compounds present in the raw 

substrates are also important parameters in 

antioxidant activity of the bakery products. 

Furthermore, application of antioxidant-rich 

vegetables along with fermented substrates 

is not only important for human health but 

also a promising strategy to produce 

functional breads. In the present study, total 

phenol content of bread enriched with 

NFWG was significantly (P< 0.05) higher 

than the other samples. It is assumed that 

phenomena such as dilution of the bioactive 

ingredients and or change of the optimum 

pH (which is necessary for protease activity) 

influence release of antioxidant compounds 

in supplemented breads with WGS-DSP in 

comparison with the aforementioned sample. 

It is hypothesized that heat treatment during 

baking leads to degradation of phenolic 

compounds in DSP-enriched bread (Ragaee 

et al., 2014). Accordingly, the trend for 

DPPH scavenging activity and TPC in the 

produced breads was not the same. 

Phytic Acid Content 

Addition of NFWG led to increase in 

phytic acid content in wheat bread. 

Meanwhile, phytic acid content of the wheat 

bread enriched with WGS was significantly 

(P< 0.05) lower than the other produced 

breads.  

In the same vein, Bilgiçli and İbanoğlu 

(2007) reported that the phytic acid content 

of tarhana (a dried mixture made from 

yoghurt and wheat flour) increased as wheat 

germ amount increased. However, more than 

90% of the phytic acid present in the sample 

was inactivated by fermentation. The 

phytase activity in water/salt-soluble extract 

of WGS-enriched bread was significantly 

higher than that found in the control sample 

and the wheat bread supplemented with 

NFWG in Rizello et al. (2010) survey. 

Phytic acid as an anti-nutritional factor binds 

to minerals due to its chelating activity. 

Fortification of staple foods like bread using 

sourdough can potentially help in alleviating 

micronutrient malnutrition. Phytase activity 

of the LAB and/or effect of acidic pH on 

endogenous phytase are the main 

phenomena responsible for this capability. 

The enzymatic degradation of phytic acid 

requires an optimum pH, which can be 

provided by controlled fermentation 

(Gobbetti et al., 2019).  

Sensory Acceptability 

Bread supplemented with DSP had the 

highest sensory acceptability, while the 

sample containing NFWG had the least one. 

Furthermore, there was no significant 

difference (P> 0.05) between bread enriched 

with WGS and WGS-DSP in terms of 

sensory acceptance. Furthermore, breads 

containing mixture of WGS-DSP had 

moderate color compared to the other 

samples due to the presence of WGS. 

According to the published data, the low 

pH and high temperature worked 

synergistically to change sensorial attributes. 

It was reported that with the increase in 

spinach powder in chapati, there was a 

significant decrease and increase in 

brightness and yellowness, respectively 

(Khan et al., 2015). Oxidation reaction and 

carbohydrates participated in caramelization, 

as well as melanoides produced from dietary 

fibers during Maillard reaction and are 

responsible for the change of the color in 
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samples produced with WGS and or DSP. 

There are evidences for the formation of a 

complex compound named maillardized 

insoluble dietary fibers (which consists of 

dietary fibers, proteins, maillard reaction 

products, and polyphenols) during thermal 

processing of bakery products (Pérez-

Jiménez et al., 2014).  

CONCLUSIONS 

Production of clean label breads free from 

synthetic improvers and preservatives is 

very important from consumer health and 

safety viewpoints. This project had two 

different steps. At the first step, optimum 

amounts of WGS and DSP were determined 

based on the crumb textural properties and 

sensory acceptability of the supplemented 

wheat breads containing different amounts 

of WGS (5-15%) and DSP (10-30%). Then, 

the quality characteristics of the 

supplemented wheat breads with the selected 

amounts of WGS (10%) and DSP (20%) 

were investigated. It can be seen from the 

preliminary results that the greater the 

amount of added DSP, the lower the crumb 

softness. However, the effect of different 

amounts of WGS was not significant on 

crumb hardness. From the discussion, it is 

evident that using WGS retards mold growth 

in the supplemented wheat bread, reduces 

phytic acid content, improves textural and 

antioxidant attributes of the product, and 

induces some changes in bread sensory 

properties, without altering consumer 

preferences. Accordingly, WGS-DSP 

supplemented white wheat bread has the 

potential to serve the valuable source of 

functional compounds. There are several 

well-known applications for vegetables and 

by-products of milling in bakery products; 

however, production of enriched bread 

containing dietary fibers, antioxidants, and 

nutrient supplements is a promising strategy 

to process not only enriched but also pro-

functional breads to enhance the daily intake 

of bioactive ingredients.  

REFERENCES 

1. AACC. 2010. Ash 08-01, Fat 30-25, Moisture 

44-19, Protein 46-10, Specific Volume 10-

05.01 and Wet Gluten 38–12 Methods. 

American Association of Cereal Chemists 

(AACC) International, St. Paul, Minnesota, 

USA. 

2. Abnous, K., Brooks, S. P., Kwan, J., Matias, 

F., Green-Johnson, J., Selinger, L. B., 

Thomas, M. and Kalmokoff, M. 2009. Diets 

Enriched in Oat Bran or Wheat Bran 

Temporally and Differentially Alter the 

Composition of the Fecal Community of 

Rats. J. Nutr., 139: 2024-2031.  

3. AOAC. 2003. Crude Fiber 962.09 and 

Moisture 950.46 Methods. American 

Association of Cereal Chemists (AACC) 

International, Arlington, Virginia, USA.  

4. Arendt, E.K., Ryan, L.A. and Dal Bello, F. 

2007. Impact of Sourdough on the Texture of 

Bread. Food Microbiol., 24: 165-174. 

5. Bilgiçli, N. and İbanoğlu, Ş. 2007. Effect of 

Wheat Germ and Wheat Bran on the 

Fermentation Activity, Phytic Acid Content 

and Color of Tarhana, a Wheat Flour–

Yoghurt Mixture. J. Food Eng., 78: 681-686. 

6. Chlopicka, J., Pasko, P., Gorinstein, S., 

Jedryas, A. and Zagrodzki, P. 2012. Total 

Phenolic and Total Flavonoid Content, 

Antioxidant Activity and Sensory Evaluation 

of Pseudocereal Breads. LWT-Food Sci. 

Technol., 46: 548-555.  

7. Dalie, D. K. D., Deschamps A. M. and 

Forget, R. F. 2010. Lactic Acid Bacteria-

Potential for Control of Mould Growth and 

Mycotoxin: A Review. Food Control, 21: 

370-380.  

8. Debonne, E., Van Bockstaele, F., Van 

Driessche, M., De Leyn, I., Eeckhout, M. and 

Devlieghere, F. 2018. Impact of Par-Baking 

and Packaging on the Microbial Quality of 

Par-Baked Wheat and Sourdough Bread. 

Food Control, 91: 12-19. 

9. Diamante, L.M., Bai, X. and Busch, J. 2014. 

Fruit Leathers: Method of Preparation and 

Effect of Different Conditions on 

Qualities. Int. J. Food Sci., 2014: 

http://dx.doi.org/10.1155/2014/139890. 

10. Đorđević, T. M., Šiler-Marinković, S. S. and 

Dimitrijević-Branković, S. I. 2010. Effect of 

Fermentation on Antioxidant Properties of 

Some Cereals and Pseudo Cereals. Food 

Chem., 119: 957-963.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

4.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                            11 / 13

http://dx.doi.org/10.1155/2014/139890
https://dorl.net/dor/20.1001.1.16807073.2021.23.4.6.5
https://jast.modares.ac.ir/article-23-37775-en.html


  _____________________________________________________________________ Ebrahimi et al. 

850 

11. Ebrahimi, M., Sadeghi, A. and Mortazavi, S. 

A. 2020. The Use of Cyclic Dipeptide 

Producing LAB with Potent Anti-

Aflatoxigenic Capability to Improve Techno-

Functional Properties of Clean-Label Bread. 

Ann. Microbiol., 70: 1-12. 

12. Elleuch, M., Bedigian, D., Roiseux, O., 

Besbes, S., Blecker, C. and Attia, H. 2011. 

Dietary Fibre and Fibre-Rich By-Products of 

Food Processing: Characterization, 

Technological Functionality and Commercial 

Applications: A Review. Food Chem., 124: 

   .411-421

13. Gerez, C. L., Torino, M.I., Rollán, G. and de 

Valdez, G. F. 2009. Prevention of Bread 

Mould Spoilage by Using Lactic Acid 

Bacteria with Antifungal Properties. Food 

Control, 20: 144-148.  

14. Gobbetti, M., De Angelis, M., Di Cagno, R., 

Calasso, M., Archetti, G. and Rizzello, C. G. 

2019. Novel Insights on the 

Functional/Nutritional Features of the 

Sourdough Fermentation. Int. J. Food 

Microbiol., 302: 103-113.  

15. Haug, W. and Lantzsch, H.J. 1983. Sensitive 

Method for the Rapid Determination of 

Phytate in Cereals and Cereal Products. J. Sci. 

Food Agr., 34: 1423-1426. 

16. Hobbs, D. A., Ashouri, A., George, T. W., 

Lovegrove, J. A. and Methven, L. 2014. The 

Consumer Acceptance of Novel Vegetable-

Enriched Bread Products as a Potential 

Vehicle to Increase Vegetable 

Consumption. Food Res. Int., 58:15-22.  

17. Khan, M. A., Mahesh, C., Semwal, A. D. and 

Sharma, G. K. 2015. Effect of Spinach 

Powder on Physico-Chemical, Rheological, 

Nutritional and Sensory Characteristics of 

Chapati Premixes. J. Food Sci. Technol., 52: 

   .2359-2365

18. Liu, F., Chen, Z., Shao, J., Wang, C. and 

Zhan, C. 2017. Effect of Fermentation on the 

Peptide Content, Phenolics and Antioxidant 

Activity of Defatted Wheat Germ. Food 

Biosci., 20: 141-148.  

19. López-Nicolás, R., Frontela-Saseta, C., 

González-Abellán, R., Barado-Piqueras, A., 

Perez-Conesa, D. and Ros-Berruezo, G. 2014. 

Folate Fortification of White and Whole-

Grain Bread by Adding Swiss Chard and 

Spinach, Acceptability by Consumers. LWT-

Food Sci. Technol., 59: 263-269.  

20. Magnusson, J., Ström, K., Roos, S., Sjögren, 

J. and Schnürer, J. 2003. Broad and Complex 

Antifungal Activity among Environmental 

Isolates of Lactic Acid Bacteria. FEMS. 

Microbiol. Lett., 219: 129-135.  

21. Majzoobi, M., Farhoudi, S., Farahnaky, A. 

and Taghipour, M.J. 2012. Properties of 

Dough and Flat Bread Containing Wheat 

Germ. J. Agr. Sci. Tech., 14: 1053-1065. 

22. Marti, A., Torri, L., Casiraghi, M.C., 

Franzetti, L., Limbo, S., Morandin, F., 

Quaglia, L. and Pagani, M.A. 2014. Wheat 

Germ Stabilization by Heat-Treatment or 

Sourdough Fermentation: Effects on Dough 

Rheology and Bread Properties. LWT-Food 

Sci. Technol., 59: 1100-1106.  

23. Nionelli, L., Pontonio, E., Gobbetti, M. and 

Rizzello, C.G. 2018. Use of Hop Extract as 

Antifungal Ingredient for Bread Making and 

Selection of Autochthonous Resistant Starters 

for Sourdough Fermentation. Int. J. Food 

Microbiol., 266: 173-182. 

24. Pérez-Jiménez, J., Díaz-Rubio, M.E., Mesías, 

M., Morales, F. J. and Saura-Calixto, F. 2014. 

Evidence for the Formation of Maillardized 

Insoluble Dietary Fiber in Bread: A Specific 

Kind of Dietary Fiber in Thermally Processed 

Food. Food Res. Int., 55: 391-396. 

25. Plessas, S., Pherson, L., Bekatorou, A., 

Nigam, P. and Koutinas, A.A. 2005. Bread 

Making Using Kefir Grains as Baker’s Yeast. 

Food Chem., 93: 585-589.  

26. Ragaee, S., Seetharaman, K. and Abdel-Aal, 

E. S. M. 2014. The Impact of Milling and 

Thermal Processing on Phenolic Compounds 

in Cereal Grains. Crit. Rev. Food Sci., 54: 

 .837-849

27. Rizzello, C. G., Cassone, A., Coda, R. and 

Gobbetti, M. 2011. Antifungal Activity of 

Sourdough Fermented Wheat Germ Used as 

an Ingredient for Bread Making. Food 

Chem., 127: 952-959.  

28. Rizzello, C.G., Nionelli, L., Coda, R., Di 

Cagno, R. and Gobbetti, M. 2010. Use of 

Sourdough Fermented Wheat Germ for 

Enhancing the Nutritional, Texture and 

Sensory Characteristics of the White 

Bread. Eur. Food Res. Technol., 230: 645-

  .654

29. Sadeghi, A., Ebrahimi, M., Raeisi, M. and 

Mofidi, S.M.G. 2019. Improving the 

Antioxidant Capacity of Bread Rolls by 

Controlled Fermentation of Rice Bran and 

Addition of Pumpkin (Cucurbita pepo) 

Puree. J. Food Meas. Charact., 13: 2837-

  .2845

30. Sun, R., Zhang, Z., Hu, X., Xing, Q. and 

Zhuo, W. 2015. Effect of Wheat Germ Flour 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

4.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

16
 ]

 

                            12 / 13

https://doi.org/10.1016/j.foodres.2014.01.038
https://dorl.net/dor/20.1001.1.16807073.2021.23.4.6.5
https://jast.modares.ac.ir/article-23-37775-en.html


Enhancement of Bread Technological Functionality _______________________________  

851 

Addition on Wheat Flour, Dough and Chinese 

Steamed Bread Properties. J. Cereal Sci., 64: 

  .153-158

31. Tamura, K., Stecher, G., Peterson, D., 

Filipski, A. and Kumar, S. 2013. MEGA6: 

Molecular Evolutionary Genetics Analysis 

Version 6.0. Mol. Biol. Evol., 30: 2725-2729.  

32. Vasiee, A. R., Yazdi, T. F., Mortazavi, A. and 

Edalatian, M. R. 2014. Isolation, 

Identification and Characterization of 

Probiotic Lactobacilli spp. from 

Tarkhineh. Int. Food Res. J., 21: 2487.  

33. Wang, J., Rosell, C. M. and de Barber, C. B. 

2002. Effect of the Addition of Different 

Fibres on Wheat Dough Performance and 

Bread Quality. Food Chem., 79: 221-226. 

34. Yu, L., Perret, J., Harris, M., Wilson, J. and 

Haley, S. 2003. Antioxidant Properties of 

Bran Extracts from Akron Wheat Grown at 

Different Locations. J. Agric. Food Chem., 

51: 1566–1570. 

 

با استفاده از خمیرترش جوانه گندم و گندم آرد سفید های فناوری نان بهبود قابلیت

 پوره اسفناج آبگیری شده

 ح. پور عبداللهو م. ابراهیمی، ع. صادقی، ا. سارانی، 

 چکیده

حاٍی فیبز ٍ ؽکل تخویز ؽذُ هحصَلات جاًبی  عاسی ًاى با عبشیجات بزگیّای اخیز، غٌیدر عال

آردعاسی اس اّویت بغشایی بزخَردار ؽذُ اعت. در پضٍّؼ حاضز، باکتزی اعیذ لاکتیک ضذ قارچ 

جذا ؽذُ اس تزخیٌِ بِ عٌَاى کؾت آغاسگز در تخویز کٌتزل ؽذُ خویزتزػ جَاًِ گٌذم با ّذف بْبَد 

گیزی ؽذُ هَرد اعتفادُ قزار گزفت. فزهَلاعیَى کیفیت ٍ علاهت ًاى گٌذم حاٍی پَرُ اعفٌاج آب

% پَرُ اعفٌاج( بز اعاط هیشاى ًزهی بافت ًاى 20% خویزتزػ جَاًِ گٌذم ٍ 10گٌذم حاٍی  بْیٌِ )ًاى

-ّای تَلیذی ؽاهل خصَصیات بافتی، فعالیت آًتیّای کیفی ًاىؽذُ تعییي گزدیذ. عپظ ٍیضگیغٌی

یابی اعیذ فیتیک ٍ پذیزػ حغی هطالعِ ؽذ. تَالیاکغیذاًی، گغتزػ عطحی قارچ، هحتَای 

بِ عٌَاى جذایِ لاکتَکَکَط لاکتیظ  ای پلیوزاس هٌجز بِ ؽٌاعاییهحصَلات ٍاکٌؼ سًجیزُ

( خویزتزػ جَاًِ >00/0Pدار )لاکتیکی هٌتخب ضذ قارچ گزدیذ. آًالیش الگَی بافت ًیش تاثیز هعٌی

ّای تَلیذی آؽکار عاخت. ًاى حاٍی هخصَؿ ًاىگٌذم ٍ پَرُ اعفٌاج را بز عفتی بافت ٍ حجن 

هخلَط خویزتزػ جَاًِ گٌذم ٍ پَرُ اعفٌاج، دارای بیؾتزیي قابلیت هْار رادیکال آساد بَد. ّالِ عبش 

بز رٍی ًاى حاٍی خویزتزػ جَاًِ گٌذم ٍ هحتَای اعیذ  آعپزصیلَط فلاٍٍطرًگ ًاؽی اس رؽذ 

داری بیي پذیزػ ّا کوتز بَد. علاٍُ بز ایي، تفاٍت هعٌیِفیتیک ایي ًاى بِ ًحَ بارسی اس عایز ًوًَ

حغی ًاى حاٍی خویزتزػ جَاًِ گٌذم ٍ هخلَط خویزتزػ جَاًِ گٌذم ٍ پَرُ اعفٌاج در هقایغِ با 

 ًوًَِ ؽاّذ ٍجَد ًذاؽت.
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