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ABSTRACT

Prunus mahaleb is a well-known medicinal plant with a sweet and pleasant odor.

Its seed is an important source of protein, fatty acids, fiber, and secondary

metabolites. The objectives of this study were to determine the physicochemical

and organoleptic attributes of wheat bread containing five different percentages

(control, 2%, 4%, 6%, and 8%) of P. mahaleb seed powder (PM). Increasing the

percentage of PM in the dough resulted in a less viscous paste or gel after cooking

and cooling as well as a decreased retrogradation speed. The firmness of the bread

crumbs during storage after baking significantly decreased with increasing

percentages of PM. However, bread containing 8% PM was rated lower in

the sensory evaluation and was significantly different in terms of acceptability,

compared with the control (P< 0.05). This result may be due to excessive

concentrations of aromatic compounds. Panelists decided that bread containing

4% PM is acceptable. The study indicates that PM can be used as an anti-staling

and aroma enhancing additive in other bakery products and that it may extend

shelf life, fortify the diet, and supply pleasant taste and odor.

PRACTICAL APPLICATION

Flour replacement at different levels (from 2% up to 8%) by Prunus mahaleb seed

powder changed dough machinability, viscoelasticity, and bread-making

performances. The addition of PM caused significant changes of the rheological

parameters. The addition of 8% and more of PM led to a decreased bread quality,

including the sensory quality. The present study has indicated that breads made

with about 4% PM had high sensory acceptance. The incorporation of PM has a

positive effect on the nutritional value of wheat breads. The rheological and

textural properties are changed upon the including of this PM content.

INTRODUCTION

Bakery products have been a staple of the human diet since

ancient times. Almost all people, regardless of age or social

status, consume bread of some type. In fact, the cereal cate-

gory is the largest part of the new food pyramid. The bread

most commonly consumed is made from wheat, but it is of

poor nutritional value.

Nowadays, people want to consume healthy bread, partic-

ularly bread that is fortified with essential amino acids, ome-

ga 3 fatty acids, phenolic compounds, minerals, and

vitamins. They also want bread that increases their intake of

dietary fiber (Oliete et al. 2008; Indrani et al. 2010). The

nutritional quality of this healthy bread would be improved

by adding diverse sources of non-wheat flour as well as addi-

tional components such as seeds, legumes, nuts, or spices.

Enhancements such as this are increasingly being made to

satisfy the interests of consumers. Breads are prepared from

non-wheat flours obtained from various sources over the

years. These ingredients provide advantages or disadvantages

with regard to the rheological properties of wheat flour-based

doughs and the textural properties of the end product (Sulli-

van et al. 2010; Lim et al. 2011; Ktenioudaki et al. 2013).

Prunus mahaleb L., a member of the Rosaceae family

found wild in nature, is widely grown in Mediterranean
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countries, central Europe, northern Africa, and Asia. Its

seeds are used as a flavoring agent for bakery products

because of their highly desirable flavor and odor as well as

their use in traditional medicine and cosmetics. P. mahaleb

seeds contain 28% crude protein, 30% crude fat, 18% die-

tary fiber, 14% carbohydrate, and 2% ash (Mariod et al.

2009). They also contain secondary metabolites such as cou-

marin derivatives, which are natural products well known

for their pleasant vanilla-like odor. The biological activities

of the P. mahaleb seeds and fruits have previously been

reported (Mariod et al. 2010; €Ozçelik et al. 2012).

Assessing the impact of functional ingredients on the rhe-

ological properties of wheat flour dough is critical for suc-

cessful bread making. In addition, many studies have

reported that the textural properties of bread indicate quality

and impact its shelf life (Oliete et al. 2008; Ktenioudaki et al.

2013; Sasaki et al. 2014).

There is little information in the literature regarding the

nutritional properties of P. mahaleb seed and no information

regarding its use in the bakery industry. PM seed powder is

only used the traditional cookie making in Turkey, and the

composition of fat and proteins available are distinct from

wheat. The replacement of wheat in bakery products is a

major technological challenges of dough and bread. Dough

rheology and bread quality properties of wheat flour

enriched with PM seed powder have not been examined so

far. Hence, the effect of PM and addition level in the flour

blend on dough rheological and textural properties were

studied. These efforts determined which percentage of PM is

most likely to be acceptable to the consumer.

MATERIALS AND METHODS

Materials

Commercial wheat flour, common salt and instant dry yeast

required for the bread making process were obtained from

the local markets (Mersin, Turkey). PM was obtained from

herbalist in Adana, Turkey. PM was passed through a 500

lm sieve. All other chemicals were analytical grade and pur-

chased from Merck (Darmstadt, Germany).

Methods

Chemical Analysis. The moisture contents of flour and

PM were determined by drying them to constant weight in

an air oven at 105C, as described in AACCI method 44-15A.

The ash, crude protein, and crude lipid contents were deter-

mined according to AACCI method 08-01, 46-10, and 30-

25, respectively (AACC International 2000). The composi-

tions of the PM and wheat flours are shown in Table 1.

Farinograph and Pasting Properties. The effect of

different percentages of PM (0%, 2%, 4%, 6%, and 8%) on

dough rheology was determined using a Brabender farino-

graph (Brabender OHG, Germany) following AACCI meth-

od 54-21 (AACC International 2000). The dough water

absorption (WA), dough development time (DDT), dough

consistency, dough stability time (DST) and degree of soft-

ening (DS) were determined by farinogram.

The pasting properties of wheat flour/PM blends contain-

ing different percentages (0%, 2%, 4%, 6%, and 8%) of PM

were determined using a Rapid Visco Analyzer (RVA; Perten

RVA 4500, Australia). The pasting temperature (PT), peak

viscosity (PV), final viscosity (FV), breakdown viscosity

(BV), and setback viscosity (SV) were determined according

to AACCI 76-21.01 (AACC International 2000; Phimolsiri-

pol et al. 2011).

Bread Making. The bread-making formulas included

wheat flour/PM blends containing different ratios of wheat

flour to PM, including 100/0 and 98/2, 96/4, 94/6, and 92/

8 (w/w). The other ingredients, including instant dry yeast

(4.0%), salt (1.5%), and water (the amount of water

required to produce dough having a consistency of 500 Bra-

bender units (BU)), were added. The combined ingredients

were mixed using a Kitchen Aid mixer (KPM5, KitchenAid,

St. Joseph, MI, USA) at high speed for 3 min. After mixing,

the dough was rested for 10 min, divided into 100-g loaves,

and kneaded and rolled by hand. The dough was put on a

tray (120*80 cm) in a fermentation unit at 35C and 85% rel-

ative humidity for 30 min. Fermented dough was baked at

220C for 20 min using oven (FIMAK Electric Ovens with

Multiple Layers, Konya, Turkey) according to a modified

method (G�omez et al. 2008). The results were carried out

three replicates from two different bread trials.

Textural Properties and Color Measurement.
Crumb firmness is the measurement that has most com-

monly been used to quantify staleness. Therefore, bread

crumbs were evaluated for firmness, according to a modified

version of AACCI method 74-09.01 using a Texture Analyzer

(TA-XTi2 Stable Microsystems, Surrey, UK). Bread crumbs

were allowed to cool for 1 h at room temperature prior to

analysis and then stored in polyethylene bags at room

TABLE 1. PHYSICOCHEMICAL PROPERTIES PRUNUS MAHALEB

SEED POWDER AND WHEAT FLOUR

Components (%)

Prunus mahaleb

seed powder

Wheat

flour

Moisture 6.8 6 0.2 11.8 6 0.3

Protein 24.8 6 0.9 10.6 6 0.3

Fat 32.0 6 0.5 2.0 6 0.1

Ash 4.1 6 0.1 0.5 6 0.1
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temperature for 5 days. Then, the samples were sliced into 1-

in-thick slices before the measurements were begun. Meas-

urements were taken after baking and storing for 24 h (first

day), 48 h, 72 h, 96 h, and 120 h (fifth day). The tests were

performed in the central part of the slice using an aluminum

cylindrical probe of 25-mm diameter (compressed by 25%

with a pretest speed of 1 mm/s, a test speed of 1.7 mm/s,

and a posttest speed of 10 mm/s). The peak force of com-

pression was reported as the firmness (N) (AACC Interna-

tional 2000). Three slices were analyzed from each sample.

The crumb color of baked breads was determined using a

colorimeter (Hunter Lab Color Quest XE, Hunter Associates

Laboratory Reston, VA, USA). Crumb color was evaluated at

two different points on four slices of breads from same bak-

ing process. The color at each point of the bread sample was

measured three times and the values obtained were then

averaged.

Sensory Analysis. The breads containing different per-

centages of PM were subjected to sensory analysis at room

temperature 1 h after baking. Breads were evaluated using a

9-point hedonic scale (9 5 like extremely, 5 5 neither like

nor dislike, and 1 5 dislike extremely) (Lim et al. 2011).

Samples (3 3 3 3 1 cm) were prepared from breads slices

and placed on white plastic plates. Each plate was assigned a

random three-digit code number. The bread samples were

evaluated by 65 untrained panelists (30 males and 35

females, aged 20–40) who were collected from among the

students and staff of the Department of Food Engineering,

Mersin University, Turkey. The panelists were informed

regarding bread making, served the samples, and instructed

to rinse their mouths with water between sample evalua-

tions. The panelists were asked to evaluate each sample for

appearance, crumb texture, crumb color and crust, taste,

aroma, and overall acceptance.

Microstructure Analysis. The microstructure of bread

crumbs was assessed using a scanning electron microscope

(SEM; Zeiss/Supra 55 FE-SEM, Germany). Bread samples

(crust and crumb) were freeze dried and mounted on circu-

lar aluminum stubs, coated with platinum, and scanned at

an accelerating potential of 5 kV. Scanning electron micro-

graphs with 1,0003 magnifications were selected for the pre-

sentation of results.

Statistical Analysis

The statistical significance of differences among the evaluat-

ed parameters was assessed using a one-way analysis of vari-

ance, followed by Duncan’s new multiple range test. These

assessments were performed using SPSS ver. 22 software

(IBM SPSS, Armonk, New York, USA). Differences resulting

in values of P� 0.05 were considered significant. Pearson’s

correlation coefficients (P< 0.05) for mean values were cal-

culated. All experiments are expressed as the average value of

at least three repetitions.

RESULTS AND DISCUSSION

Effect of PM on the Farinograph and Pasting
Properties of Wheat Flour

Wheat flour containing different percentages of added

P. mahaleb seed powder were analyzed using a Farinograph

and RVA.

The farinogram values of wheat flour containing different

percentages of PM (0%, 2%, 4%, 6%, and 8%) are presented

in Table 2.

Generally, WA capacity is an important characteristic of

wheat flour. The effect of non-gluten proteins is to decrease

the WA capacity available to build up the gluten network.

This effect occurs due to competition for water with other

bread components (Roccia et al. 2009). Therefore, the lower

TABLE 2. FARINOGRAPH AND RVA PROPERTIES OF BREAD FLOUR CONTAINING PRUNUS MAHALEB SEED POWDER

Substitution level (%)

0 2 4 6 8

WA(%) 58.7 6 0.8a 58.3 6 1.5a 57.9 6 1.3a 57.2 6 1.4a 57.1 6 1.2a

DDT(min) 1.2 6 0.0d 1.2 6 0.3c 1.3 6 0.2b 1.3 6 0.1a 1.3 6 0.0a

DC(BU) 562 6 5.3a 548 6 2.0b 535 6 6.0c 520 6 4.0d 507 6 5.6b

DST(min) 2.0 6 0.5c 2.2 6 0.2c 2.9 6 0.4b 6.37 6 0.3a 6.46 6 0.0a

94.3 6 1.0bDS(BU) 120.1 6 1.5a 118.0 6 1.0b 110.0 6 2.7b 95.3 6 1.2c

PT(8C) 66.1 6 0.1b 66.1 6 0.2b 66.9 6 0.5ab 67.0 6 0.1ab 67.7 6 1.3a

PV(cP) 4652 6 6.2a 4127 6 26.5b 3859 6 14.9c 3610 1 6.3d 3463 6 3.6e

FV(cP) 4182 6 4.6a 3800 6 2.9b 3645 6 4.1c 3635 6 3.6d 3061 6 5.7e

BV(cP) 2532 6 5.3a 2309 6 4.4b 2128 6 2.7c 2087 6 3.7c 1969 6 77.8d

SV(cP) 2092 6 3.5a 1982 6 6.1b 1918 6 32.2c 1895 6 4.9d 1787 6 4.4e

Data are mean 6SD (n 5 3). Different lowercase letters within the same row are significantly different among the different percentages of Prunus

mahaleb seed powder (P< 0.05).
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WA of the blends could be related to the insoluble protein

content, higher fat content, and coarser structure of PM.

Decrease in WA may result from a reduction in the level of

gluten in wheat flour/PM blends containing higher percen-

tages of PM. However, WA was not significantly affected by

the addition of PM (P< 0.05).

The DDT increased with increasing levels of added PM.

Wheat flour/PM blends have a high protein content, which

requires more time to develop the gluten network, as hydra-

tion occurs with greater ease. The other reason for the

increase in DDT is that the added PM enriches the fat con-

tent of the flour, which may be related to reducing the WA

of the flour, as described by G�omez et al. (2008) and Zaidul

et al. (2007).

DST is a measure of the time needed for the curve to stay

at or above 500 BU. The stability value indicates flour

strength, and softer dough show lower stability values (Rosell

et al. 2007). The differences in among the wheat flour/PM

blends containing different levels of PM ranged 1.95–6.46

min. The lowest value of DST was determined for the control

dough. DST generally shows the ability of the flour to resist

mixing. The addition of PM resulted that a higher protein

content gives the highest stability value in the control flour.

This means that PM is higher protein than flour has a higher

tolerance to mixing. The effect of DST variation can be a

consequence of the higher content of fat and proteins in PM.

It was reported an decrease in farinograph water absorption,

increase in indicating poor dough stability. According to lit-

erature the dough weakening is due to the decrease in wheat

gluten content and competition between proteins of wheat

flour and PM for water. These results are in agreement with

studies on nuts, soy flours, and lupin flours (Dervas et al.

1999; Ribotta et al. 2005; G�omez et al. 2008).

The DS, which is measured in BU from the height of the

curve at its peak to the height of curve 12 min after the peak,

is used to determine the degree that dough will soften over a

period of mixing. In this study, the DS within 12 min signifi-

cantly decreased in the dough containing increased level of

PM (P< 0.05). The higher DST during mixing is related to

the dough’s greater resistance to DS, and in the case of

dough enriched with PM, it also involved the loss of elastici-

ty, which is consistent with the results of a study with flax

seed (Koca and Anil 2007). The DS and DC shows a decreas-

ing values with the increased percentage of PM added, but it

must be mentioned that, by becoming stickier to the bowl

walls. Dough rheological characteristics change since the for-

mer begins soft and loses its cohesion.

Dough consistency, a measure of resistance, is measured

as torque. There was a significant difference in consistency

between the control and the wheat flour/PM blends

(P< 0.05); the wheat flour dough exhibited a higher consis-

tency than the wheat flour/PM blends.

The dough system with large quantities of fat caused the

opposite effect and in a decrease of the elastic properties of

dough since fat may decrease gluten network formation

(Sluimer 2005; G�omez et al. 2008). The dough were also

weakened by addition of non-gluten proteins. These are

caused between the non-gluten proteins and gluten for water

molecules competition, and the disruption of starch–protein

structures and disulfide bonds by the different proteins

(Ribotta et al. 2005; G�omez et al. 2008).

These results suggest that the gluten in wheat flour dough

enriched with PM forms a weaker and looser network, as a

result of interference with gluten network formation by PM,

making the dough sticky. The weaker gluten network would

make the dough difficult to mold during processing and able

to collapse easily in the final product. The increasing addi-

tion of PM in the wheat flour could have resulted in

increased fat content which affects the water absorption

capacity of glutens as they become more hydrophobic. As a

result, the sample absorbs less water which affects its dough

stability and development time. This may cause competition

between starch granules and proteins within the flour for

available water. Dough elasticity was particularly reduced by

the addition of PM. With a decrease in water absorption,

there is an increase in the stickness of the dough that

explains the increased stability of the dough as PM level of

substitution increases. These results could be the conse-

quence of the increased fat and protein content, which can

modify the rheological characteristics of enriched dough.

The pasting temperature as well as the peak, final, break-

down, and setback viscosities of the wheat flour/PM blends

are the pasting properties used to determine the quality of

flours. The results obtained from the analysis of wheat flour/

PM blends using an RVA are summarized in Table 2. Signifi-

cant differences were observed in all the pasting characteris-

tics of wheat flours containing different levels of PM

(P< 0.05). Pasting curves of flours containing different per-

centages of PM are shown in Fig. 1. As the PM percentage

increased, the peak, final, breakdown, and setback viscosities

decreased. However, the pasting temperature increased with

increasing PM content.

The pasting temperature, the first important parameter

determined using RVA, is the point at which starch granules

begin to swell. It increased from approximately 66.05C to

67.70C with the increase in PM content from 0% to 8%.

These results indicated that adding PM to wheat flour made

the starch more difficult to gelatinize and retrograde, which

can require higher energy. These changes show that water

absorptivity was available in the farinograph results. The

peak viscosity of the wheat flour/PM blends were found to

be 4652 cP and 4127, 3855, 3610, and 3461 cP for the control

and 2%, 4%, 6%, and 8% PM, respectively. Peak viscosity is

associated with the point where all the starch granules are

swollen during heating. In addition, the viscosity increases
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rapidly to a peak indicating the final product quality (Ragaee

and Abdel-Aal 2006; Yadav et al. 2014).

The increase in PM percentage from 0% to 8% caused

changes in the final viscosity, ranging from 4182 to 3061 cP.

The final viscosity is the parameter most commonly used to

determine the ability of the starch in starch-based products

to gel after cooking and cooling as well as to undergo the ret-

rogradation of starch molecules (Sasaki et al. 2002).

Another important pasting parameter is breakdown vis-

cosity. As shown in Table 2, the highest breakdown viscosity

was 2562 cP in the control wheat flour and the lowest was

2087 cP in wheat flour containing 8% PM. This parameter

indicates the breakdown of starch granules, with amylase

leaching and realignment due to mechanical stress, at high

temperatures (Ktenioudaki et al. 2013).

The setback viscosity of wheat flour containing 8% PM

(1787 cP) was lower than that of the control (2092 cP). The

setback viscosity is related to bread texture, retrogradation

tendency, and reordering of starch granules (Fu et al. 2008).

Consistent with its lowest setback viscosity, wheat flour con-

taining 8% PM showed a low rate of starch retrogradation

and syneresis. It provided a more stable forming paste. Simi-

lar results for pasting, peak, final, breakdown, and setback

viscosities have also been observed previously (Fu et al. 2008;

Jia et al. 2011; Ktenioudaki et al. 2013).

The small quantities of fat are added to dough that is

more stable, but higher amounts of fat diminish stability

(Sluimer 2005). In this study, the increased protein and fat

content would be responsible for the loss of stability have

shown when increased amounts of PM was added to the

dough. Higher percentages of PM softened stronger dough

(control) probably due to the effect of fiber and fat. In addi-

tion these results suggest that PM would be a predominant

component for diminishing the ability of the starch to swell

and would compete strongly with water. As a result, starch

gelatinization would not be completed. It also indicated that

adding PM would cause the mixture to form a less viscous

paste or gel after cooking and cooling and result in slow

speed of retrogradation. The decrease in viscosity with

increased addition PM may be attributed to the absorbed of

water from the restrained amylose by the granules as they

not swell. The swelling behaviors of the starches may be

affected by the interactions of constituent amylose and amy-

lopectin and PM contents. These results can be interpreted

to suggest that the decreased setback, peak, final, and break-

down viscosities of wheat flour/PM blends can be used to

extend the shelf life and softness of the products.

Effect of PM on the Physical Properties
of Bread

The color parameters (L*, a* and b*) of bread crumb sam-

ples are shown in Table 3. The L* and b* values of the

crumbs decreased as the level of PM added to the mixture

increased. This means that the crumbs containing higher lev-

els of PM had a darker color than the control bread. The

results of the color parameter a* significantly increased with

increased percentage of added PM (P< 0.05). This was

attributable to the formation of a reddish color as the per-

centage of PM was increased in the formulation. The crumb

color darkened and red color fortified. This condition, which

contributes to the color variation in breads, may be associat-

ed with the fact that P. mahaleb seed has coumarins and phe-

nolic acids or that a nonenzymatic browning was caused by

a reaction between proteins and sugar during baking (Fayle

and Gerrard 2002; Ieri et al. 2012).

The firmness of bread crumb samples containing different

percentages of PM were measured (Fig. 2) and showed

increased firmness with an increase in the number of days of

storage after baking. Significant differences were observed on

firmness values of breads containing different levels of PM

during storage day (P< 0.05).

Over the 5 days, there were changes in the firmness values,

commonly used determining bread quality index. There was

a strong negative correlation between the force applied by a

Texture Analyzer and an increasing percentage of PM in the

bread (r 5 20.74).

FIG. 1. PASTING CURVES FOR THE

DIFFERENT PERCENTAGES OF

PRUNUS MAHALEB SEED POWDER

AND WHEAT FLOUR BLENDS
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Bread staling includes increases in the crumbliness of the

crumbs, increases in the firmness of the crumbs, losses of fla-

vor and aroma, more opaque crumbs, loss of crust crispness,

and decreased absorptive capacity of the crumb. The crumb

firmness is primarily used to demonstrate bread staling,

mainly the phenomenon of amylopectin retrogradation

(Gray and Bemiller 2003). The levels of PM addition during

the storage period had a more prominent effect on the firm-

ness value of the wheat bread. On the first day, the control

bread had the lowest firmness value of 6.32 N, whereas bread

containing 8% PM had the highest value of 9.71 N. Howev-

er, from the second day onward, the control sample had the

highest firmness value, and the bread containing 8% PM

had the lowest. To estimate the staling effects of PM on

breads, the crumb firmness of PM-containing bread were

compared with that of the control. Bread containing 8% PM

showed significantly decreased bread firmness during stor-

age. The decrease in crumb firmness indicates that the bread

containing 8% PM was significantly softer. Softer crumb tex-

ture of breads fortified with PM was probably compared

with the control bread after storage days. The fat and protein

composition of PM may explain the observation that PM

had a softening effect on crumb firmness (Mariod et al.

2010). It seems that changes affecting firmness, such as the

loss of moisture and the retrogradation of starch, occur

mainly after baking and during storage (Gray and Bemiller

2003). PM includes 32%60.5 fat content that added to the

bread formula have a large influence on bread staling. In our

study reconstitution of PM with higher concentrations of fat

decreased the firming rate of bread during storage period.

Control bread with only concentrations of flour fats (2%)

increased the firming rate compared with the increasing

addition of PM in bread. As a result this retards crumb firm-

ing rate. Some factors can affect the firmness of bread sam-

ples: fat makes the bread softer so that it undergoes firming

more slowly (Sluimer 2005) due to the complex formation

with leached amylose and/or amylopectin and interactions

with gluten (Fessas and Schiraldi 2001). When extra protein

is added, a gluten dilution effect is conferred due to disrup-

tion of the gluten–protein viscoelastic network (Sullivan

FIG. 2. EFFECT OF PRUNUS

MAHALEB SEED POWDER ON

FIRMNESS VALUE OF BREADS

DURING STORAGE PERIOD

Means with different letters

in the same column are

statistically different at

(P < 0.05, Newton (N).

TABLE 3. COLOR OF CRUMB AND SENSORY PROPERTIES BREAD WITH CONTAINING PRUNUS MAHALEB SEED POWDER

Substitution level (%)

0 2 4 6 8

L* 75.9 6 0.4c 75.1 6 0.6c 71.7 6 2.6b 71.5 6 1.3b 69.5 6 1.4a

a* 1.1 6 0.1e 1.9 6 0.1d 2.0 6 0.1c 2.4 1 0.1b 2.8 6 0.6a

b* 17.8 6 0.6b 17.8 6 0.1b 16.6 6 0.4a 16.5 6 0.4a 16.5 6 0.4a

Appearance 7.5 6 1.1a.b 7.7 6 1.21a 7.9 6 1.5a 7.2 6 0.9a.b 6.7 6 1.2b

Texture 7.2 6 1.3a 7.1 6 1.6a 7.4 6 1.6a 7.2 6 1.3a 6.6 6 1.4a

Crust color 7.2 6 1.8a 7.4 6 1.6a 7.5 6 1.01a 7.6 6 1.09a 7.2 6 1.8a

Crumb color 7.5 6 1.9a 7.5 6 1.7a 7.6 6 1.2a 7.3 6 1.1a 6.7 6 1.4a

Taste 7.2 6 1.7a 7.2 6 1.9a 7.4 6 1.5a 6.7 6 1.5a.b 5.8 6 1.7b

Odor 7.3 6 1.1a 7.4 6 1.3a 7.5 6 1.2a 6.9 6 1.3a.b 6.2 6 1.5b

Overall 7.0 6 1.7a.b 7.4 6 1.1a 7.6 6 0.9a 6.9 6 1.4a.b 6.3 6 1.4b

Different lowercase letters within the same row are significantly different among the different percentages of Prunus mahaleb seed powder

(P< 0.05). Breads were evaluated using a 9-point hedonic scale where 9 5 like extremely. 5 5 neither like nor dislike and 1 5 dislike extremely.
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et al. 2010). These factors obviously indicate a decreasing

firmness during storage in breads with different PM content.

This result is consistent with the results obtained with bread

enriched with nut paste and brewer’s spent grain by Oliete

et al. (2008) and Waters et al. (2012), respectively.

Sensory Properties of Breads

Data from the sensory evaluation of breads containing PM

are presented in Table 3. Sensory properties such as appear-

ance, texture, crust and crumb color, taste, odor, and overall

acceptability were affected positively by the addition of 0%–

4% PM. However, bread containing 8% PM had the lowest

likability score, which could be due to the volatile and phe-

nolic compounds, negatively affecting the taste and odor of

bread (Mastelić et al. 2006; Lim et al. 2011). No significant

differences were observed in the texture or crust and crumb

color, compared with the control made with wheat flour. For

bread containing 8% PM, the overall acceptability score

was 6.27, whereas the score was markedly greater (7.59) for

bread containing 4%, M. Therefore, the sensory properties

of bread containing 4% PM were preferred overall by

consumers.

Effect of PM on the Microstructure of Bread

Analysis of the crumb structure of breads containing differ-

ent levels of PM was performed at 1,0003 magnification

with SEM. The micrographs are shown in Fig. 3. SEM, which

allows the observation of three-dimensional structures,

showed that the starch granule degradation appearing in the

protein matrix has formed a smooth network. These obser-

vations are consistent with the results obtained by Fleming

and Sosulski (1978) with bread fortified with different plant

proteins. Small starch granules that were more densely dif-

fused on the surface of the crumb due to gelatinization were

observed in the micrograph of the control. SEM of these

crumbs showed that starch granules adopted different shapes

as the PM content increased. This may have occurred

because the starch from the wheat flour interacted with the

higher levels of protein and fat in PM or because PM had

higher particle size compared with that of flour. Thus, these

results may be a consequence of the high fat and protein

FIG. 3. SCANNING ELECTRON

MICROGRAPHS OF BREAD AT

DIFFERENT PERCENTAGES OF

PRUNUS MAHALEB SEED

POWDER

Magnification of 1,0003:

(a) control; (b) 2%; (c) 4%;

(d) 6%; (e) 8%.
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content of PM, which can modify the micrograph character-

istics of enriched bread.

CONCLUSIONS

This study presented information regarding the physico-

chemical, rheological, and sensory and microstructure prop-

erties of dough containing increasing percentages of PM.

These quality parameters and bread-making performance

measures constitute the primary information necessary to

determine the acceptable percentage of PM in wheat bread.

The higher fat and protein composition of PM generally

affected the formation of viscoelastic dough. Doughs with

increasing amounts of added PM exhibit different rheologi-

cal behaviors. Bread crumb texture was greatly impaired by

the addition of PM. The increasing addition of PM also sig-

nificantly decreased the rate of the crumb firming. Therefore,

PM could be utilized as an anti-staling agent because of the

slower retrogradation of amylopectin and higher moisture

retention compared with the control bread, and it can

extend the shelf-life of the bread, enabling the development

of bread as functional foods. Sensory analysis showed that

bread containing 4% PM had the greatest overall consumer

acceptability in addition to a pleasant aroma arising from

the metabolites present in PM.

The microstructure of the bread crumbs indicated that

components of PM interfered with the formation of the glu-

ten network. For these reasons, further studies are necessary

to determine the anti-staling and antioxidant properties as

well as the functional components of these breads.
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