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ABSTRACT 
 
 This study aims to investigate and derive mathematical models for the changes occurring in the freshness, 
microflora and sensory attributes of the Egyptian balady bread during storage for three days at different 
temperatures (ambient, refrigerated and frozen). Results showed a decrease in both alkaline water retention 
capacity (AWRC) and compressibility of the balady bread during storage at ambient or refrigerated storage, 
while frozen storage showed the lowest changes in AWRC and compressibility., Frozen storage also showed the 
lowest rate of microbial growth (especially with yeast and mold) of bread during storage when compared to that 
stored under ambient or refrigerated conditions. Most of sensory attributes of bread were significantly (P < 0.05) 
deteriorated during ambient and refrigerated storage. Frozen storage was found to have the least deteriorating 
effect on the sensory attributes of bread. When conducting the mathematical modeling considering temperature 
and storage period of time as independent variables, changes in AWRC and compressibility were found to have 
quadratic models. Moreover, growth of bacteria and mold was observed to have 2FI models unlike yeast that 
had a quadratic one. Mathematical models for the changes in sensory attributes of balady bread were of the type 
2FI which reflected the significance of the interaction between the independent variables on the sensory 
attributes of balady bread. In general, all mathematical models derived from the studied changes in the balady 
bread during storage were significant with relatively high coefficients of determination (R2) values. 
Mathematical modeling was found to be an efficacious way to describe and represent the changes in freshness, 
microflora and sensory attributes of the balady bread during storage under different temperatures for a period of 
three days. 
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Introduction  
 
 Balady bread is the most popular type of bread in Egypt, since 90% of the Egyptian families consume the 
subsidized balady bread in their daily meal (Sarhan et al., 2010). The daily production of balady bread in Egypt 
reaches 240 millions loaves with an average of about 3 loaves per capita a day ( Lahham et al., 2013). Balady 
bread loaf has a circular shape with a thickness of 1 cm and a diameter of 20 cm in average and is consisting of 
two separate layers. It is commonly made from high extraction flour (82%) and prepared by a straight dough 
method. Its dough  is softer (70–75% water), and is fermented within two hours before being baked at a 
substantially higher temperature (400º–500ºC) for 1–2 min (Yaseen et al., 2007). Because of the higher moisture 
content of balady bread, the durability period of the produced bread doesn’t exceed three days when it is 
packaged stored under ambient conditions (EOSQ, 1994).  
 During the storage of bread, many changes occur in its freshness, microflora and sensory quality attributes. 
The type and extent of these changes are strongly related to the storage conditions. Freshness of bread is an 
important factor which affects its consumer acceptability and can be estimated by measuring the staling rate of 
the bread during storage (Yaseen and Shouk, 2011). Staling is an extremely complex phenomenon and is not yet 
fully understood. In general, staling is connected with all changes that occur in bread after baking, except 
microbiological spoilage (Kotancilar et al., 2009). Staling of bread is the major cause for typically very short 
shelf-life (3–7 days). Thus, bread is considered to be a processed food with one of the shortest shelf-lives 
(Chinachoti, 2003). Taking into consideration, the gap between the production of bread wheat in Egypt and the 
increasing demand for balady bread, working on prolonging the shelf life of balady bread by studying storage 
conditions is expected to have a big contribution in lessening the losses in Egypt’s budget, especially those 
coming from the loss in balady bread during storage. The effect of storage temperature on the extent of balady 
bread staling was previously studied by El-Sayed (2009). Among the different methods used to determine the 
staling of bread, Alkaline Water Retention Capacity (AWRC) showed the best correlation with most of the 
physical, chemical and sensory parameters of bread (Sidhu et al.,1997 ). It was highly correlated with soluble 
starch, amylose contents and freshness (El-Sayed, 2009), also. Additionally, staling rate can be measured by 
compressibility by using penetrometer (Maleki et al., 1980, Mahmoud et al., 2013). Storage temperature, beside 
having a big effect on the microbial growth in bread, it was found also to have a considerable effect on the rate 
of bread staling (Sargent, 2008). The temperature at which bread is stored has a direct impact on its staling rate. 
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Higher temperatures were found to retard staling, while cooler temperatures (above freezing) increase it 
(Hoseney, 1986). 
 Bakery products (including bread) are subjected to microbial growth and spoilage problems. 
Microbiological spoilage, in particular mold growth, is of major economical importance in bakery products 
(Saranraj and Geetha 2012). It was due to that  bread is considered a high aw food, that makes it subjected to 
increase the microbial growth during storage (El-Khoury, 1999).  
 The sensory quality is an important dimension of the total product quality and is registered by the human 
senses of sight, smell, taste and touch (Meilgaard et al., 1991).Sensory attributes of bread were found to be 
directly affected by storage time and temperature (Mahmoud and Abou-Arab, 1989; Majzoobi et al., 2011). 
Among different sensory attributes that are used to evaluate the quality of balady bread, mouthfeel, taste, odor, 
color and overall acceptability are the most commonly used ( Ramadan, 1986 ; Abdel-Kader, 2000; Yaseen et 
al., 2007).Sensory evaluations of texture have been carried out  by lots  of  researchers  due  to  its  simplicity,  
low cost  and  direct  relationship  to  the  extent  of  firming  of  bread  (Ramadan, 1986; Sidhu et  al., 1997; 
Yaseen et al, 2007; Alhajji , 2011). But, it is worth saying that this type of analysis cannot be considered as a  
reliable  trusted  analysis,  because  it  differs  from  person  to  another  and  from culture to another (Alhajji , 
2011).  
 Integrative mathematical modeling of food processes is a highly interdisciplinary area of research involving 
process engineering, industrial practices and software programmers. Its ultimate aim is to combine information, 
tools, and mathematical models to forecast impact of various factors on food quality/safety of foods (Sousa-
Gallagher and Mahajan, 2013). Although considerable number of studies is available in literature for the balady 
bread, no study has been reported on the modeling of the changes in freshness, microflora and sensory attributes 
of balady bread during storage. No studies were found in literature related to setting mathematical models to 
describe the behavior of the changes in freshness, microflora and different sensory attributes of balady bread as 
a function of the changes in storage temperature and time. 
 Thus, the main purpose of the present investigation is to study the effect of different storage temperatures 
(i.e. ambient, refrigeration and freezing temperatures) on the freshness, microflora and sensory attributes of 
balady bread during a storage period of three days. Mathematical models were derived to find out the correlation 
and behavior of the aforementioned bread attributes as a function of the storage times and temperatures. 
 
Materials and Methods 
 
Materials and bread preparation: 
 
 Balady bread (subsidized, made from 82% extraction wheat flour) was processed at a local public sector 
bakery at Helwan district, Cairo, Egypt. The formula and the methodof the bread processing were done as 
follows: 1 kg of salt was dissolved in 50 L water, then 100 kg wheat flour (82% extraction), 1 kg of compressed 
yeast and 12 kg of Sultani (prefermented dough) yeast were added and mixed together for 10 min. An additional 
amount of 25 L of water was then added and continued mixing for another 20 minutes. The formed soft dough 
was left to rest for 10 min and then was transferred to a wooden box and was allowed to ferment for additional 
30 minutes. Dough was portioned by hand to 120-130 g parts and were positioned by hand on wooden racks 
(covered with a layer of fine bran), and then were dusted with flour. After proofing for 30 minutes, dough pieces 
were dusted again with fine bran, flattened and degassed by gentle hand pressing, then were baked in a hot steel 
belt oven (~450oC) for a short period of time (1.5 min).   
 After baking, balady bread loaves were left to cool for 1 hr and then were wrapped in polyethylene bags. 
Some loaves were subjected to the experimental tests at that time (0 time) while the other loaves were divided 
into three groups, the first one was stored at ambient room temperature (28oC), the second was stored in a 
refrigerator (5oC), and the third group was stored in a deep-freezer at -10oC. For further experiments, 
refrigerated and frozen loaves were taken out of the refrigerator and freezer and were allowed to set for 1 and 2 
hrs, respectively before testing. All groups were subjected to tests after 1, 2 and 3 days of storage. 
 
Methods of analysis:  
 
Determination of bread freshness: 
 
 Freshness of bread (fresh and/or stored under different temperatures for 1, 2 and 3 days) was determined by 
using two methodologies, i.e. Alakaline Water Retention Capacity (AWRC) and compressibility. Alkaline 
Water Retention Capacity (AWRC) was determined by themethod reported by Yamazaki (1953) as modified by 
KittermanandRubenthaler (1971) while compressibility was measured by using a penetrometer (Koeheler 
Instrument Company, Inc.) as described by Malekiet al., (1980) and Mahmoud et al., (2013). 
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Microbiological estimation: 
 
Isolation and plate count of microflora: 
 
 The  serial  dilution  agar  plate  technique  was  used  for  the  isolation  of microorganisms (i.e. bacteria, 
yeast and mold) according to the method described by Pundir and Jain (2011) as follows: 
 The plate count agar (PCA), Potato Dextrose Agar (PDA) supplemented with 2% wheat flour and Yeast 
Extract Glucose Agar (YGA) were used for bacterial, mold and yeast counts, respectively. In the serial dilution 
agar plate technique, 1 g of bread was suspended and agitated in 9 ml water blank (to make the total volume up 
to 10 ml) to form a microbial suspension. Serial dilutions were made from 10-2 to 10-5 by pipetting 1 ml into 9 
ml water blanks. To each of these inoculated plates, 15 ml of sterile and cold molten (45oC to 50oC) of the 
aforementioned media were poured and incubated at 37oC for 24 hrs for bacteria and 25oC for 3 to 7 days for 
fungi, in an inverted position. The plates were  checked  for  the appearance  of  colonies  and  the number  of  
produced colonies  on  each  plate  of different dilutions were recorded. Number of colonies (CFUs/g) was 
calculated by multiplying plate count with the dilution factor as given below: 
 

CFUs/g = 
������ �� ��������  � �������� ������

������ ������ (�.� ��)
 

 Where dilution factor is the reciprocal of the dilution (e.g. the dilution factor for the dilution 10-3 is 103)  
 
Sensory evaluation:  
 
 Fresh bread loaves and those stored under the different tested temperatures for different days were 
subjected to sensory evaluation by a panel of 10 research staff members of Bread and Pasta Dept. at the Food 
Technology Research Institute, Agricultural Research Center, Egypt to evaluate the bread attributes (mouthfeel, 
texture, taste, odor, color and overall acceptability). Each panelist was asked to rate their evaluation on a 9-
points hedonic scale ranging from 1 for “extremely dislike” to 9 for “extremely like” according to the method of 
Larmond (1974). The means of sensory scores for each sensory attribute (i.e. mouthfeel, texture, taste, odor, 
color and overall acceptability) were collected from the panelists and subjected to ANOVA analysis to calculate 
the significance of each suggested model. 
 
Statistical analysis and modeling: 
 
 The obtained data were statistically analyzed by Analysis of Variance using General Linear Model (GLM) 
procedure within a package program of Statistical Analysis System (SAS, 1987). Means were separated using 
Duncan's test at a degree of significance (P≤ 0.05). Ratio value was calculated by dividing the maximum 
obtained value by the minimum one of each response. Mathematical models of the responses were set,and 
model selection (linear, two factor interaction, quadratic or cubic) for each response was made on the basis of 
the sequential model sum of squares (SMSS), lack-of-fit tests and the multiple correlation coefficient (R2) using 
historical data technique as described by McCarthy et al., (2005).In order to achieve the best fit of the models, 
subsequent transformations were required to the modelswhen the ratio value was greater than 10. Thus, and 
depending on the results, quadratic models were selected to describe the changes in bread freshness parameters, 
2FI models to describe the changes in sensory attributes, while the best fit models to represent the changes in the 
microflora of bread varied from 2FI to quadratic models. The model summary statistics for the independent 
variables (storage time and temperature) are shown in Table (1). 
 
Table 1: The different parameters of the model of the independent variables.  

Independent 
variable 

Variable name Units Variable type Low value High value mean Std. Dev. 

A Time hr. Numeric 0.0 (fresh) 72 36.00 26.83 
B Temperature oC Numeric -10.0 28 7.67 15.63 

Std. Dev. = Standard Deviation of the independent variable values, mean = sum of independent variable values / number of independent 
variable treatments 

 
Results and Discussion 
 
Effect of storage conditions on freshness of balady bread: 
 
 The effects of storage time (0, 24, 48 and 72 hrs) and storage temperature (-10o, 5o and 28 oC) on freshness 
of balady bread are illustrated in Fig.(1).Alkaline water retention capacity (AWRC) was applied to study the 
extent of staling of balady bread stored under different conditions and the results are illustrated in Fig (1a). 
Results showed that, in general, the ability of different bread to retain alkaline water decreased as the storage 
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period increased. Obvious differences were observed in the extent of the decrease in AWRC of breads stored 
under ambient, refrigerated and frozen conditions. The highest rate of staling was observed in balady bread 
stored under refrigerated conditions followed by that stored under ambient conditions. Frozen bread were found 
to have a very low rate of staling (small decrease in AWRC) when compared with breads stored under 
refrigerated or ambient conditions. According to Sargent (2008), the temperature at which bread is stored has a 
direct impact on its staling rate. Higher temperatures above freezing were found to retard staling by delaying the 
change of starch into the crystalline form (Hoseney, 1986). The same observation about the high rate of bread 
staling at refrigerated storage temperatures was previously mentioned by Gray and Bemiller, (2003).  
 
                            (a) 

 
                             (b) 

 
 
Fig. 1: Changes in staling of balady bread during storage estimated by (a) AWRC and (b) compressibility. 
 
 For the staling of bread determined by using compressibility method, Fig.(1b) showed the same trend 
observed in case of AWRC. Bread loaves stored under refrigerated conditions showed the highest staling rates 
followed by those stored at ambient conditions and then finally the bread loaves stored at frozen conditions with 
the lowest staling rate. 
  
Effect of storage conditions on the microflora of balady bread: 
 
 Fig (2) shows the effect of storage conditions (i.e. time and temperature) on the count of bacteria, yeast and 
mold in balady bread. The initial bacterial count of balady bread was found to be 1x105 cfu/g and increased to be 
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2.5 x 107cfu/g at the end of the third day of storage at ambient temperature (Fig 2a).  Bread samples stored under 
refrigeration showed a very lower bacterial count at the end of the same period of storage while frozen bread 
showed the lowest count among the tested storage temperatures. Saranraj and Geetha (2012) reported that 
bacteria have a potential to contaminate baked products although their growth is more restricted by low water 
activity and low pH. In the present study, the recorded water activity values of the balady bread of up to 0.942 
could provide a good environment for the growth of a wide range of bacteria. 
 
 
 (a) 

 
                   (b) 

 
                     (c) 

 
Fig. 2: Changes in the microflora of balady bread during storage: (a) bacteria, (b) yeast, and (c) mold. 
 
 For yeast and mold (Figs 2b and 2c), their growth rate was found to be lower when stored under 
refrigeration than that of bread stored under ambient room temperature. On the other hand, no visible colonies of 
yeast or mold were observed in bread samples stored under freezing temperature (-10oC) for the three days 
period of storage. Like all living organisms, molds need certain conditions in order to grow. A very important 
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condition that affects mold growth or its rate of growth is the temperature. The most ideal temperature is a warm 
temperature near 26.7oC rather than a cold temperature near 2.2oC (Nelson 1993). Mold spores are generally 
killed by the baking process in fresh bread and other baked products (Knight and Menlove, 2006). Therefore, 
the growth of mold on the surfaces of balady bread might be attributed to the contamination either from the air, 
bakery surfaces, equipment, food handlers or raw ingredients after baking during the cooling or wrapping 
operations (Kornacki, 2010). 
 
Effect of storage conditions on the sensory attributes of balady bread: 
 
 The data in Table (2) represent the sensory attributes of balady bread (i.e. mouthfeel, texture, taste, odor, 
color and overall acceptability) as affected by the storage conditions. Generally, fresh balady bread had higher 
scores for all sensory attributes than other breads stored under the different tested storage conditions. Frozen 
balady bread was found to have high mouthfeel characteristics that were not significantly (P>0.05) different 
than the control one, while breads stored under ambient or refrigerated conditions had a significantly lower 
(P<0.05) scores than the control one as well as the frozen stored sample. The same trend was observed with the 
taste of breads stored under the different conditions. For texture, frozen breads were found to maintain their 
sensory textural properties along the three-days period of storage while breads stored under ambient or 
refrigerated started to dramatically lose their textural quality characteristics during the period of storage (except 
for the first day of refrigerated storage that was not significantly differ than the control, P>0.05).Odor followed 
the same trend of texture regarding to its changes during the storage. On the other hand, no significant 
differences were observed in color of breads stored under the storage conditions when compared to the fresh 
bread except in case of the ambient and refrigerated bread at the third day of storage that scored slightly lower 
values than that of fresh bread. Overall acceptability of frozen bread didn’t show any significant changes than 
the fresh ones; meanwhile breads stored under ambient or refrigerated conditions showed significant lower 
overall acceptability preferences by the panelists. Anyhow, the scores of the overall acceptability of balady 
bread stored under freezing conditions corresponded to “extremely like” to “like very much” on the hedonic 
scale while the lowest evaluation score was observed in balady bread stored under the ambient conditions which 
rated “like slightly” on the same scale. Means of sensory evaluation of balady bread freshness after 24 hr and 48 
hr storage periods were previously studied by Mahmoud and Abou-Arab (1989). They observed that balady 
bread stored at room temperature became stale after 24 hr of storage, and became very stale after 48 h of 
storage. The same authors attributed the faster rate of staling of the balady bread to the high extraction rate of 
flour used in balady bread making.  
 
 
Table 2: Sensory attribute scores of balady bread stored under different temperatures for three days. 

  Mouthfeel Texture Taste Odor Color Overall acceptability 
Fresh (control)  8.3a 8.3a 8.4a 8.4a 8.4a 8.5a 

Ambient        
 Day 1 6.8b 7.0b 6.8cdf 7.1bc 8.1ab 7.4bcd 
 Day 2 6.8b 6.1c 6.9de 6.4dc 8.0ab 6.7d 
 Day3 4.5d 4.7d 4.7g 4.6e 6.9c 5.5e 

Refrigerated        
 Day 1 7.0b 7.5ab 7.3cd 7.9ab 8.3ab 7.8abc 
 Day 2 7.0b 5.9c 6.4ef 6.8cd 8.0ab 7.1cd 
 Day3 5.6c 5.8c 6.0f 6.2d 7.8b 6.7d 

Frozen        
 Day 1 8.0a 8.2a 8.2ab 8.2a 8.1ab 8.3a 
 Day 2 7.6ab 7.8ab 7.5bcd 7.9ab 8.2ab 7.9ab 
 Day3 8.3a 8.1a 7.9abc 8.0a 8.0ab 8.2a 

Means within the same column with the same letters are not significantly different at 0.05 level. 

 
  
Modeling of the changes in freshness of balady bread during storage under different temperatures: 
 
 Gibson et al., (1994) reported that regression analysis and the subsequent formation of a polynomial model 
is one of the most widely used approaches to describe the changes in foods. They concluded that when sufficient 
data are available and relatively small numbers of variables are being studied, significant factors and 
interactions can be determined simultaneously with step-wise regression analysis. 
 Changes in freshness of balady bread stored under different conditions were studied. Two independent 
variables (temperature and storage time) were incorporated with different levels within each of them. For 
storage time, the aforementioned changes were studied at the zero time (fresh bread) and after 1, 2 and 3 days of 
storage. The effects of three different storage temperatures (ambient, refrigerated and frozen which were 28o, 5o 
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and -10 oC, respectively) were also examined. The expected modellay out summary of the responses parameters  
in freshness of balady bread is presented in Table (3).  
To determine the models that best fit the responses in freshness of balady bread as affected by storage time and 
temperature, the F-value tests were performed using analysis of variance (ANOVA) to calculate the significance 
of each type of model (linear, 2FI, quadratic and cubic). Based on the results of F-value, the highest order model 
with significant terms (p<0.05) which shows the relationship between parameters well and normally will be 
chosen. As shown in Table (4). The best model type that described the changes in the freshness of balady bread 
was the quadratic one for both AWRC and compressibility methods with adequate values for coefficients of 
determination (R2, adjustedR2 and predictedR2) for both the changes in AWRC and compressibility. The 
suitability of quadratic model to describe the changes in freshness might be attributed to the fluctuated 
behaviorsin the changes in AWRC and compressibility  of the balady bread at above- and below-zerooC 
temperatures of storage as it was previously discussed (Fig 1). It explains the more flexibility and accuracy of 
the quadratic models to describe the staling of balady bread than the linear correlation coefficient that was 
previously used to describe the different parameters (i.e. soluble starch, amylase, amylopectin contents and 
AWRC) employed for the estimation of balady bread staling by El-Sayed (2009). This is also in agreement with 
Myers and Montgomery (2002) who mentioned that the second order (quadratic) model is very flexible, so it 
would often work well as an approximation to the true surface response. Moreover, Therdathai et al. (2002) 
developed a quadratic model to describe the effect of baking temperature and time on the quality attributes of 
bread. 
 
Table 3: Layout summary of the selected model of the responses in freshness of balady bread. 

Response Min. value Max. value Mean Std. Dev. Ratio 
AWRC 172.71 377.39 285.91 75.74 2.19 

Compressibility (PU) 2.5 4.9 4.07 0.35 1.96 
AWRC = Alkaline Water Retention Capacity, P.U. = Penetration Unit,  Std. Dev. = Standard Deviation of the response values , Mean = 
sum of responses values/number of responses. 
 
 
Table 4: Coefficients of the selected models to represent the changes inAWRC and compressibility during the storage of balady bread under 

different temperatures. 
 R2 Adjusted 

R2 
Predicted 

R2 
C.V.

% 
p-value 
Prob>F 

Model 
type 

Model coefficient 

Intercept A B A*B A2 B2 

AWRC 0.902 0.820 0.502 11.72 0.023 Quadratic 348.82 -4.078 -4.540 -0.034 0.034 0.197 

Compre
ssibility 

(PU) 

0.899 0.816 0.440 8.60 0.006 Quadratic 4.57 -0.233 -0.0400 -4.017 x 10-4 5.787 x 10-5 2.111 x 10-3 

AWRC= Alkaline Water Retention Capacity, P.U = Penetration Unit,   R2  = coefficient of determination (Multiple correlation coefficient squared)  , C.V.% = Coefficient of Variation,  A 
=Storage time (hr)  and  B= storage temperature (oC). 

 
Modeling of the changes in microflora of balady bread during storage under different temperatures: 
 
 The changes in the microflora of the balady bread (bacteria, yeast and mold) were studied as related to the 
different storage conditions. A model to summary the results of the changes in each microbial count (bacteria, 
yeast and mold) of bread is shown in Table (5). Generally, the ratio values (the ratio between max. and min. 
population for each microbial count) were found to be greater than 10. It means that subsequent transformations 
are required to the models. Table (6) shows that growth of bacteria and mold had mathematical models of type 
2FI (two factor interaction) while the mathematical model for the growth of yeast was of a quadratic type. 
However, when the transformation process was performed to the models to be in(base 10 log)form, all studied 
types of microflora followed a quadratic model. For bacteria, the transformed form of the model (base 10 log)  
has achieved better and significant fit for the data as it had higher values for R2 and adjusted R2, and lower p-
value (P>F) which could be interpreted as a higher significance of the model (base 10 log) when compared to 
simple quadratic model.  Predicted R2, which is a measure of how good the model predicts a response value, 
was found to be approximately as double as in case of quadratic model. The small difference between adjusted-
R2 and predicted R2 was also less than 0.2 which could be corresponded to a better and reasonable agreement of 
the model to the obtained growth data of the bacteria. For yeast and mold, quadratic models in non-transformed 
forms were found to better describe the growth of such two types of microflora as it had higher values for all 
values of R2 and lower p-value(P>F). Gibson and Hocking (1997) concluded that empirical models simply 
describe the conditions under which an experiment was performed, that is, the effect on microbial growth of the 
physical and chemical components of the food. Such models are usually polynomials. Although many other 
factors in foods affect microbial growth (as defined by mechanistic models), these account for a small 
proportion of the total variation in growth when compared with the main factors such as temperature, aw, pH 
and presence of preservatives. Because empirical models are descriptions of the experimental conditions, they 
should not be used to make predictions outside the limits of the original experiments. 
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Table 5: Layout summary of the selected models of the responses in microflora of balady bread. 
Response Min. count Max. count Mean Std. Dev. Ratio 
Bacteria 1.00 x 105 2.5 x 107 3.60 x 106 7.19 x 106 250 

Yeast <1.00 2.00 x 106 4.49 x 105 6.29 x 105 2.00 x 106 
Mold <1.00 1.70 x 106 4.06 x 105 5.15 x 105 1.70 x 106 

Std. Dev. = Standard Deviation of the response values, Mean = sum of responses values/number of responses. 
 
 
Table 6: Coefficients of the selected models to represent the changes in microflora during the storage of balady bread under different temperatures. 

 Transforma
tion 

R2 Adjust
ed R2 

Predicte
d R2 

C.V.
% 

p-value 
Prob>F 

 Model coefficient 

Model 
type 

Intercept A B A*B A2 B2 

Bacteria None 0.858 0.804 0.461 92.32 0.003 2FI -3.258 x 105 54238.1 -89279.8 9635.6 - - 

Log10 

(Bacteria) 
0.970 0.947 0.8336 3.18 <0.001 Quadratic 4.980 0.028 8.101 x 10-3 6.349 x 10-4 -1.774 x 10-4 -1.206 x 10-4 

Yeast None 0.952 0.912 0.798 43.56 0.001 Quadratic 7.843 x 104 -3.323 x 
103 

4.054 x 103 678.950 175.058 -267.351 

Log10 

(Yeast) 
0.889 0.796 0.445 47.32 0.008 Quadratic 0. 967 0.143 0.176 1.929 x 10-3 -1.462 x 10-3 -7.046 x 10-3 

Mold None 0.933 0.908 0.861 40.26 <0.001 2FI -9750.3 7223.0 532.8 548.9 - - 

Log10 

(Mold) 
0.887 0.793 0.445 47.68 0.008 Quadratic 0.990 0.148 0.180 1.887 x 10-3 -1.542 x 10-3 -7.238 x 10-3 

R2  = coefficient of determination (Multiple correlation coefficient squared)  , C.V.% = coefficient of variation,  A =Storage time (hrs)  and  B= storage temperature (oc).  

 

Modeling of the changes in sensory attributes of balady bread during storage under different temperatures: 
 
 The simultaneous effect of the storage period of time and storage temperature on the changes in the sensory 
attributes of balady bread was studied. The summary model layout and the modeling of the changes of the 
studied attributes are recorded in Tables (7) and (8), respectively. All sensory attributes of balady bread were 
found to follow 2FI model type which reflects the importance of the interaction between storage time and 
storage temperature on the sensory attributes of balady bread. The results indicated that the p-values for the 
models of the studied sensory attributes were less than 0.05 which means that the 2FI models for all sensory 
attributes are significant. After denoting 2FI as the best model with the highest order, the independent variables 
were fitted in the specified model and the effect of each variable was evaluated. For this purpose and in order to 
appraise the adequacy of the fitted model, several indicators were used. The coefficient of determination (R2), 
the adjusted (adjusted R2) and predicted determination coefficients (predicted R2), and coefficient of variation 
(CV %) were used to judge the adequacy of the model (Chen et al., 2012). Although all the models of sensory 
attributes under investigation were observed to have high R2 values which reflect a strong correlation between 
the sensory attributes and the independent variables of the study (storage time and temperature), the values of 
both adjusted and predicted R2 were lower than their corresponding R2 values , and they were within the range 
from 0.950 to 0.617 that reflects strong to moderate correlation except for color which was 0.394 which 
represented a relatively weaker correlation.  For CV%, all models had CV% values lower than 10 which means 
that they don’t need any further transformations. Models for odor, color and overall acceptability had relatively 
smaller CV% values than the models of other sensory attributes which means that predicted values of such three 
sensory attributes are closer to the actual values when compared to the other attributes.  
 
Table 7: Layout summary of the selected model of the responses in sensory attributes of balady bread. 

Response Min. score Max. score Mean Std. Dev. Ratio 
Mouthfeel 4.5 8.3 7.21 1.15 1.84 

Texture 4.7 8.3 7.17 1.20 1.77 
Taste 4.8 8.4 7.25 1.08 1.75 
Odor 4.6 8.4 7.36 1.13 1.83 
Color 6.9 8.4 8.05 0.39 1.22 

Overall acceptability 5.5 8.5 7.59 0.90 1.55 
Std. Dev. = Standard Deviation of the response values, Mean = sum of responses values/number of responses. 
Min. and Max. scores are the average rating by 10 panelists. 
 
  
Table 8: Coefficients of the selected models to represent the changes in sensory attributes of balady bread during storage under different 

temperatures. 
 R2 Adjusted 

R2 
Predicted 

R2 
C.V.

% 
p-value 
Prob>F 

Model 
type 

Model coefficients 
Intercept A B A*B 

Mouthfeel 0.836 0.775 0.617 7.92 0.002 2FI 8.163 -0.019 5.260 x 10-3 -1.155 x 10-3 
Texture 0.883 0.839 0.748 7.00 <0.001 2FI 8.271 -0.022 -0.955 x 10-5 -0.104 x 10-3 
Taste 0.859 0.806 0.690 6.84 <0.001 2FI 8.297 -0.022 3.276 x 10-4 -8.934 x 10-4 
Odor 0.964 0.950 0.919 3.57 <0.001 2FI 8.408 -0.021 2.025 x 10-3 -1.132 x 10-3 
Color 0.845 0.787 0.394 2.35 0.001 2FI 8.400 -7.847 x 10-3 5.187 x 10-3 -3.896 x 10-4 

Overall 
acceptability 

0.961 0.946 0.899 2.87 <0.001 2FI 8.434 -0.017 1.592 x 10-3 -8.985 x 10-4 

R2 = coefficient of determination (Multiple correlation coefficient squared), C.V. % = coefficient of variation,   A =Storage time (hrs) and 
B= Storage temperature (oC). 
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Conclusion: 
 
 The current study showed that mathematical models can be developed to describe the changes in the 
freshness, microflora and sensory attributes of balady bread as affected by two independent storage variables 
(i.e. storage time and temperature). Derived models for the different studied attributes and attributes were 
significant and representative for such changes with high coefficients of determination (R2, adjusted and 
predicted R2) for most attributes of balady bread. Because of the relatively short shelf-life period of bread under 
ambient temperature, and beside the small number of used independent variables (two) in this study,It could be 
mentioned that the derived regression analysis models are sufficient to describe the changes in the microflora of 
bread during such a short period of time and under the studied range of storage temperatures (-10 to 28 oC). In 
general, the present study revealed the adequacy of the derived models to obtain explanations and predictions 
for the effects of temperature and time (within the studied range) on the different attributesof balady bread 
during storage. Additional efforts are needed to study the possibility of using different methods to expect the 
shelf-life of balady bread. The obtained data and models derived from this study may be a helpful and practical 
tool to the future researches on balady bread, especially those related to storage and shelf-life studies. 
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