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Abstract— Due to increased health awareness, many people are making the switch from the traditional
low-fiber Lebanese white pita bread to healthier high-fiber pita bread alternatives. Even though the price-
to-weight ratio of white pita bread is controlled and unified among all Lebanese bakeries and brands and
is enforced by the Lebanese Ministry of Economy and Trade, there is a highly significant difference in the
price-to-weight ratio among the different brands that offer high-fiber pita bread. We sought to investigate
the root cause of this difference by assessing the composition of two of the most sold high-fiber pita bread
types in Lebanon (brown and oat). We tested brown and oat pita bread from three different Lebanese
bakeries for price-to-weight ratio, fiber content, TTA, pH, moisture, and calories per gram. Using Pearson
correlation coefficient, we did not detect any correlation between the price and any of the tested
properties; however, a highly positive correlation between crude fiber content and TTA was detected.
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l. INTRODUCTION

Bread is the corner stone of the Lebanese diet; it is the
essential ingredient of every meal consumed by the
Lebanese public from breakfast to dinner, including snacks
[1]. Traditionally, Pita bread was, and still is, used to
scoop up food from the plate similar to using chips or
crackers to dip into sauce, except that the deformability of
pita bread allows for a more utilitarian use to grab solid or
semi-solid food and to scoop up liquid or semi-liquid food
[1]. Bread is also used to prepare wrap sandwiches in
restaurants, for kids to take to school, and as quick snacks
for the whole family.

In recent years, the global spread of fast food chains and
the continued shift from a Mediterranean based diet to a
more Westernized diet has led to a significant increase in
obesity, high cholesterol, high blood pressure, diabetes,
cognitive disorders, and other diseases among the
Lebanese and Mediterranean populations [2]. In the wake
of such transformations, many calls have been made by
nutritionists and dieticians for a more balanced and healthy
diet, which encouraged a large section of the Lebanese
population to switch from white pita bread to a healthier
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alternative form of pita bread that contains more fiber (e.g.
brown and oat) [1]. This shift in consumer demand has led
to a shift in the baking industry towards a “healthy and fit”
trend that has manifested as a clear diversification in the
contents of the bread menu, which is constantly adding
new varieties of healthier pita bread (low salt, low calories,
high-fiber, fortified, etc.) [3]. Because almost everyone in
Lebanon relies so heavily on bread in their diet, the
Ministry of Economy and Trade (MOET) has long since
taken it upon itself to control the price of wheat in order to
make sure that the price of white pita bread remains
affordable to all families, especially those with limited
income. Unlike the case of white pita bread, which has a
fixed price of 1.67 LL/g, there is no control on the price of
alternative bread, which allowed bakeries to set the price
based on market demand, customer demographics, and
perceived brand name.

In this study, we chose two of the most popular healthier
alternatives to white pita bread (brown and oat), and
especially since we could not find any published literature
containing any assessments done on either type of bread in
Lebanon. The Lebanese Standards Institution, LIBNOR,
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has a set of criteria for brown bread, which includes type
of cereal used, type of yeast used, crude fiber content,
moisture content, salt content, mineral oil content, and few
others; however, it does not have any preset criteria for pH
or TTA, both of which have a significant impact on bread
freshness, taste, and microorganism growth [4]. In
addition, LIBNOR has no clear criteria for oat bread. The
assessment done in this study focused on the fiber content,
moisture content, TTA, pH, and calories in brown and oat
pita bread purchased from three different bakeries that
represent both multi-chain big businesses and small family
owned and operated bakeries. Findings were compared
with the adopted LIBNOR standards in terms of brown
bread, and a comparison between brown and oat pita bread
was done across the three different brands to determine if
there are any major differences in the aforementioned
properties that would explain or justify the significant
difference in the price tag of these types of bread across
the available brands.

1. MATERIAL and METHODS
1.1. Samples

Samples of bread were collected from 3 bakeries in
Lebanon during Oct, 2019-Feb, 2020 period of time
(major, medium and corner bakery). Two types of bread
(Brown and Oat) were bought with three different
production dates. Three samples of the two bread types
were collected and coded as following: S1 brown, S2 oat,
W1 brown, W2 oat, C1 brown, and C2 oat. Upon
purchasing, the whole bread bag was weighed, and the
loaves were counted. Each loaf was packed in a sealed
bag. Samples were frozen at -4°C until tested.

1.2. Reagents
All Chemicals were bought from Sigma-Aldrich.

1.3. General Procedure for Crude Fiber
Analysis

The crude fiber was determined according to AOAC
method (962.09) [5]. Two grams of 8 h dried bread (110
°C) or none dried bread. The sample was extracted with
10.0 mL of dichloromethane. The remained solid was
transferred to a 250 mL rounded flask, and 100 mL of 0.25
N H,SO. were added to the rounded flask with magnetic
stirrer. After installation of reflux condenser, the flask was
set under reflux in an oil bath for 30 min. While hot, the
solution was filtered through a Buchner funnel using a
filter paper using vacuum filtration. The residue was
washed with hot water until no longer acidic. The residue
was then transferred to a rounded flask with addition of
100 mL of 0.3 M NaOH solution. The resulting slurry was
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refluxed for another 30 min. While hot, the solution was
filtered again using pre-weighted filter paper. The
remaining crude fiber with filter paper was dried in the
oven for 2h, and then it was cooled in the desiccator before
reading its weight. The crude fiber content percentage was
calculated by dividing the mass of crude fiber over the
mass of sample [6].

1.4. Moisture Content
Moisture content of bread was determined by AOAC
method (925.10) [7]. Two grams of bread sample was
weighed and placed in a hot air oven for 8 h at 110 °C.
Samples were removed from the oven and cooled in a
desiccator before measuring their weight. The percentage
of moisture content was calculated based on the dried
sample and the original sample [6].

15 pHand TTA

pH and TTA (Titratable Acidity) of bread were determined
by AACC 02-52.01 method. After mixing 10 g of bread
sample with 90.0 mL of distilled water, the slurry was
stirred for 30 min. Then the pH was measured using
calibrated pH meter (OHAUS STARTER300) [8].

1.6. Calorimetry

The samples were measured for their caloric content using
an oxygen bomb calorimeter according to the manual
provided with the calorimeter (IKA® C200, Werke GmbH
& Co.KG, Germany). All the samples were dried in an
oven at 110 °C for 8 hours

1.7. Statistical Analysis

All analyses were performed with three replicates. The
statistical analyses were done using the IBM SPSS
(Statistical Package for the Social Sciences, version 22.0)
program. Analysis of variance consisted of univariate
analysis was performed followed by Tukey’s Honest
Significant. Bivariate correlations obtained as Pearson’s
correlation coefficients (two tailed), cluster analysis, and
principal component analysis were performed for analyzed
bread samples using IBM SPSS.

1. RESULTS

1.8. Price
White pita bread is an essential part of the Lebanese diet,
and its price-to-weight ratio is controlled and enforced by
the Ministry of Economy and Trade (MOET) to make sure
that every family in Lebanon can afford to put bread on the
table. At the time when the samples were collected, the
price for white pita bread was fixed at 1500 LL/900g (1.67
LL/g) regardless of the bakery or the region of sale.
However, the MOET does not regulate the price-to-weight
ratio of other types of pita bread (e.g. brown and oat).

1352


https://ijeab.com/
https://dx.doi.org/10.22161/ijeab.55.22

International Journal of Environment, Agriculture and Biotechnology, 5(5)

Sep-Oct, 2020 | Available: https://ijeab.com/

Both brown (designated by number 1) and oat (designated
by number 2) pita bread were purchased from three
different bakeries (designated by C, W, and S). In our
study, we weighed each pack of pita bread upon purchase
and then used that value to determine the price to weight
ratio for each of the 6 samples of bread used in the
experiment. As expected, we detected a high significant
difference (p<0.001). In the price of the selected samples
compared to white pita bread as the prices of brown and
oat pita bread purchased from all three bakeries ranged
between 2.26 and 8.84 LL/g (Fig. 1). In addition, when we
compared the 6 different samples among themselves, only
W1 and S1 were similar while all remaining products were
significantly different from each other (Fig. 1). However,
it was clear that the price of oat bread was significantly
higher than the price of brown bread across all 3 bakeries
(Fig. 1). In addition, brown and oat pita bread products of
the C brand were significantly cheaper than brown and oat
pita bread products of S and W brands, respectively, and
the oat bread of the W brand (W2) stood out as the outlier
of the group, nearly double the price of the nearest
competitor (Fig. 1).
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Fig.1: Price comparison among the six different samples
of bread.

1.9. Crude Fiber and Moisture Content

Clearly both types of bread were priced differently and
some brands were more expensive than others, however,
was the difference due to a clear measurable difference in
the composition of the bread, or were some bakeries
selling their customers a product that was not compliant
with the standards adopted by the Lebanese Standards
Institution (LIBNOR)? To answer both questions, we
conducted a series of experiments to assess the crude fiber
and moisture content of the bread, in addition to several
other properties.

According to LIBNOR standards, the crude fiber and
moisture content of brown bread must not exceed 3 and
26%, respectively; however, there are no stated regulations
regarding the amount of soluble and insoluble dietary
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fibers in brown pita bread. In addition, there are no set
standards for oat pita bread, which is why we compared
the results of oat pita bread to the standards set for brown
pita bread. Based on our findings, all tested samples had a
dry crude fiber content that did not exceed the 3% limit, in
fact, all samples had a crude fiber content that was
significantly below the maximum allowed limit except for
sample C2 (Fig. 2A). When looking into the moisture
content, all samples were within the approved limit and
only sample C2 was significantly below the maximum
allowed limit (Fig. 2B).
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Fig.2: Dry crude fiber and moisture content of brown and
oat pita bread.

1.10. TTA, pH, and Energy
We determined that all 6 bread samples were within the
LIBNOR standards for crude fiber and moisture content,
so we looked next at TTA, pH, and energy (Fig. 3). As
was stated earlier, LIBNOR has no set standards for TTA,
pH, or energy for pita bread. Upon testing the samples, we
did not detect any significant difference in the energy
(cal/g) content among all 6 samples (Fig. 3C), in addition,
only C2 and W1 exhibited a significant difference in pH
when compared to each other (p=0.0203; Fig. 3B).
However, comparing TTA values among all 6 samples
showed a large margin of difference among the tested
samples, but the statistical significance was not reported in
figure 3A, instead, we reported the differences in TTA

1353


https://ijeab.com/
https://dx.doi.org/10.22161/ijeab.55.22

International Journal of Environment, Agriculture and Biotechnology, 5(5)

Sep-Oct, 2020 | Available: https://ijeab.com/

among all samples in the form of a comparison between
each sample and all remaining samples, and we reported
the results in figure 4.
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Fig.3: TTA, pH, and energy of brown and oat pita bread.

1.11.  Crude Fiber and TTA
Initially, we determined that all tested samples were within
the allowed range for crude fiber content, but since the
difference in the price among all 6 samples was very
highly significant (Fig. 1), we compared the crude fiber
content and TTA among all 6 samples trying to determine
if the differences in the price were correlated with the
differences in crude fiber content and TTA values. Based
on the literature, dietary fiber decreases the risk of colon
cancer, optimizes blood lipids which helps in reducing the
possibility of obesity, reduces hypertension and
cardiovascular diseases, reduces the risk of developing
diabetes in pre-diabetic people, and is a natural laxative
that helps regulate bowl movement [9]. On the other hand,
pH and TTA have a significant impact on bread quality.
Both, pH and TTA, are dependent on fermentation time,
sugar content, flour type, and other additives [10].
Generally speaking, the higher the TTA the more flavor
the bread will have; however, very high levels can cause a
sour off-flavor [11]; and since our initial results did not
detect a significant difference in the pH level among the
samples, we checked the TTA values only. We compared
the crude fiber content of all 6 samples among each other,
and aside from samples C1 and W1, all samples had
significantly different amounts of crude fiber compared to
each other (Fig. 4A-F). Also, we compared the TTA
values for all 6 samples among each other and determined
that C1, W1, and W2 had similar TTA values were
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significantly lower than those for C2, S1, and S2 (Fig. 4G-
L).
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Fig.4: Crude fiber and TTA comparison among the six
different samples of bread.

1.12.  Correlation between Crude Fiber and
TTA

Unfortunately, we were unable to find any correlation
between the price of pita bread and any of the tested
properties including crude fiber content and TTA values;
however, a very interesting observation was the detection
of a positive correlation between crude fiber content and
TTA among the samples. A Pearson’s r was computed to
assess the relationship between the amount of crude fiber
found in the sample and the TTA value of the sample. We
detected a positive correlation between the two variables, r
= 959, n = 6, p = .0025, two-tailed. A scatterplot
summarizes the results (Fig. 5).

V. CONCLUSION

As was mentioned earlier, pita bread is a staple food of the
Lebanese diet, which is why the MOET regulates and
enforces the price of wheat and flour that are sold to
bakeries in order to fix the price of white pita bread that is
sold to the public. However, people are increasingly
switching from the traditional white pita bread to healthier
forms of pita bread that contain more fiber, which bakeries
still produce using the same wheat and flour that they
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purchase for a regulated price while adding few additives
to the mix [12].
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Fig.5: A scatterplot showing the correlation between TTA
and Dry Crude Fiber content.

We determined that the price-to-weight ratios of brown
and oat pita bread purchased from three different bakeries
were significantly larger than that of white pita bread,
which could be argued as being the cost of the other
additives like bran, oats, etc. that bakeries use to make
their high-fiber bread; however, even the ratios were
significantly different among the same type of bread when
compared across the three different brands. While trying to
determine any possible differences among the different
samples of bread that would justify the differences in
price, we looked into crude fiber content, moisture, pH,
TTA, and energy.

The primary reason people are switching to alternative pita
bread products is that they are seeking to increase the fiber
intake in their diet. Increased dietary fiber intake helps
decrease the risk of colon cancer, optimizes blood lipids
which helps reduce the risk of obesity, hypertension, and
cardiovascular  diseases, and decreases D-glucose
absorption and insulin secretion, which is very important
in the prevention and control of diabetes. Also, fiber is a
laxative, which helps regulate bowl movement [13]. Since
LIBNOR has a set standard for crude fiber content for
brown bread not to exceed 3%, we compared the crude
fiber content of all six samples of bread to determine if the
fiber content was the primary reason for the difference in
the price (i.e. more fiber equals higher price). Even
though the tested samples had varying concentrations of
crude fiber, they were all within the limit set by LIBNOR,
but we did not detect any correlation between the price of
the bread and its crude fiber content.

Moisture in bread has many implications on its hardness,
chewiness, textural characteristics, taste, bacterial and
mold growth, and shelf life [14]. When we tested the
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moisture content of all bread samples, we determined that
all samples were within the limits set forth by LIBNOR
(not to exceed 26%); also, we did not detect any difference
in the moisture content among the tested samples.

The pH and TTA values are significant factors that affect
bread freshness, flavor, and microbiota. Both, pH and
TTA, are dependent on fermentation time, yeast type,
sugar content, flour type, and other additives [10]. The pH
range for brown bread is usually between 2.5 and 7.0
depending on the strain of yeast used and duration of
dough fermentation; while the TTA range for brown bread
is usually between 0.6 and 4.25, also depending on the
strain of yeast used and duration of fermentation [15].
LIBNOR has no set standards for pH or TTA for brown or
pita bread; however, the pH range of the tested samples
was between 5.70-6.70 and the TTA range was between
0.84-1.86. Even though we did not detect major significant
variations in the pH levels among the six bread samples,
we did detect significant differences in the TTA levels. In
fact, the six bread samples were divided into two groups in
terms of TTA values where C1, W1, and W2 had similar
TTA values that were significantly lower than C2, S1, and
S2, which were similar among themselves. Similar to
crude fiber and moisture, we were unable to detect any
correlation between pH or TTA and the price of bread.

Finally, we looked into the energy content of the bread
samples trying to determine if the price was related in a
way to the caloric energy of the product (i.e. low-calories
equal higher price). LIBNOR has no set values for the
energy content of pita bread, and when we assessed the
energy content of all samples, we determined that the
samples ranged between 3773 and 4083 calories/gram with
no significant difference among the tested samples. It was
also surprising that two of the brands had the exact same
nutritional food label. Such discrepancies in the label
should be investigated by the Consumer Protection
Agency.

At the end of our investigation, we were unable to detect
any correlation between the price of the bread and any of
the tested properties. It maybe some other property that
we did not test (e.g. freshness, taste, elasticity, appearance,
crumb color, crumb firmness, etc.), or it could be a matter
of brand name perception. However, an interesting
observation that was not reported by any previous study
was the discovery of a very positive correlation between
crude fiber content and TTA values. This finding is in line
with a previous study that investigated the effect of the
addition of live yeast cells on in vitro oat straw rumen
fermentation, it was determined that live yeast cells
reduced the pH of rumen by increasing the production of
propionic acid, butyric acid, valeric acid, and isovaleric
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acid [16]. Further analysis on the correlation between TTA
and crude fiber content should be carried out on several
cereal products to determine if the simple and cheaper
TTA test could be an accurate alternative to predict crude
fiber content in cereal products such as bread and animal
feed.
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