
Introduction
Cereals are the cheapest source of energy and

protein in the human diet. Among these grains,
wheat is the leading crop due to the unique elastic
property of gluten, which is suitable for the

production of a variety of leavened products, i.e.
bread, rolls, pizza crusts, cakes, pies, and donuts (1).
Among these products, flat bread and yeast-
leavened white bread are a popular part of the daily
Pakistani diet. 
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Abstract: White bread loaves prepared from wheat flour and the addition of different levels of acidulants, i.e. acetic and
lactic acid with calcium propionate, were evaluated for their microbial shelf life as well as sensory quality characteristics
during 96 h of storage. Among the sensory characteristics for the different treatments, volume of bread, color of crust,
symmetry of form, crust characteristics, grain, and crumb color differed significantly, and the scores were 6.5-7.4, 5.8-
6.8, 2.9-3.4, 2.7-3.1, 10.6-11.8, and 6.8-7.4, respectively, whereas evenness of bake, aroma, taste, and texture were not
significantly different. Storage for 96 h affected the aroma, taste, texture, and crust characteristics to a great extent. The
treatments containing 0.2% and 0.3% lactic acid in combination with 0.2% calcium propionate were the most effective
against microbial spoilage.
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Asidulantlar ve tuzları kullanılarak ekmeğin raf önrünün
uzatılması üzerine çalışmalar

Özet: Kalsiyum propiyonat ile kombine asetik ve laktik asit gibi asidulantların farklı düzeylerde ilave edildiği buğday
unlarından hazırlanan beyaz ekmek somunları, 96 saatlik depolama süresi boyunca duyusal kalite özelliklerinin yanında
mikrobiyal raf ömrü bakımından da değerlendirilmiştir. Farklı uygulamalar için duyusal özellikler arasında ekmek hacmi,
kabuk rengi, şekil uyumu, kabuk özellikleri, dane ve ekmek içi rengi önemli olarak farklılık göstermekte ve değerler
sırasıyla 6,5-7,4, 5,8-6,8, 2,9-3,4, 2,7-3,1, 10,6-11,8 ve 6,8-7,4 aralığında değişmektedir. Bununla birlikte eşit pişirme
koşullarında aroma, tat ve yapıda önemli olmayan sonuçlar alınmıştır. 96 saatlik depolama süreci aroma, tat, yapı ve
kabuk özelliklerini büyük oranda etkilemiştir. % 0,2 kalsiyum propiyonat ile kombine şekilde % 0,2 ve 0,3 laktik asit
içeren uygulamaların mikrobiyal bozulmaya karşı daha etkili olduğu kanıtlanmıştır. 

Anahtar sözcükler: Raf ömrü, ekmek, laktik asit, asetik asit, kalsiyum propiyonat



With respect to the longevity of commercial white
bread’s storage, ways and means should be explored
to extend its shelf life. The basic criteria for the quality
of bakery products are health safety and optimum
sensory properties. The durability of bakery products
with medium and high humidity content is often
limited by the growth of molds (2). Losses caused by
the growth of mold vary between 1% and 5%,
depending on the season, the type of product, and the
mode of production (3). At present, breads often spoil
within 48 h of production, causing significant loss to
the producers. Other major types of microbial
spoilage of baked bread are usually moldiness and
ropiness. A number of mold species of Aspergillus,
Rhizopus, Cladosporium, Penicillium, and Fusarium
(4) are thought to be responsible for such moldiness,
whereas ropiness is caused by Bacillus subtilus or B.
licheniformis (5). Microbial species can be controlled
by improving sanitary conditions at bakeries, whereas
incorporation of different acids and their salts in
bread formulations provide the baker protection
against rapid mold and bacterial spoilage. The
selection of acidulants and their salts, i.e. sorbic acid,
benzoic acid (6), and propionic acid, and their salts
(7) as preservatives and pH (8,9) are among the most
crucial factors influencing the microbial and sensory
quality of bakery products.

The objective of the present study was to evaluate
the effectiveness of various combinations and
concentrations of lactic acid and acetic acid with the
calcium salt of propionic acid in the prevention of
bread spoilage, and to determine the sensory quality
attributes at various storage intervals. 

Materials and methods
Raw materials
Flour and other ingredients, i.e. sugar, salt,

shortening, and yeast, were purchased from a local
market. Acetic acid, lactic acid, and calcium
propionate were procured from a scientific store. 

Proximate analysis
The flour was analyzed for its moisture, total ash,

crude fat, crude protein (10), and crude fiber (11)
content.

Farinographic studies
The flour sample was run through a Brabender

farinograph equipped with a 50-g capacity bowl to
assess the physical behavior of the flour, according to
the AACC method 54-21 (12).

Preparation of bread
The bread was prepared from straight grade flour,

according to AACC method 10-09 (12). The
experimental bread ingredients were flour (1000 g),
sugar (60 g), salt (20 g), oil (40 g), yeast (12 g), bread
improver (7 g), water (adjusted as necessary from that
determined by the farinograph), and a preservative
combination (Table 1).

Sensory evaluation
Sensory evaluation of the bread—external and

internal characteristics at 3, 24, 48, 72, and 96 h of
bread storage—was performed by a panel of 5 judges,
as described by Land and Shepherd (13).
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Table 1. Description of treatments. 

Treatments Calcium Propionate Acetic acid Lactic acid
(%) (%) (%)

T0 (Control) 0.20 - -
T1 0.20 0.20 -
T2 0.20 0.30 -
T3 0.20 0.40 -
T4 0.20 - 0.20
T5 0.20 - 0.30 
T6 0.20 - 0.40 



Microbial examination
Counting and identification of molds in bread

after 3, 24, 48, 72, and 96 h of storage were performed
by the agar plate technique method on Sabouraud
agar medium (14), whereas counting and
identification of bacteria were performed on nutrient
agar medium using the plate count method (15).

Statistical analysis 
Data obtained for the different parameters were

subjected to statistical analysis using the analysis of
variance (ANOVA) technique and the least
significance difference (LSD) test was used to
compare the means, according to the procedure
described by Steel et al. (16).

Results and discussion
Wheat flour analysis of its proximate constituents

and the farinographic study results are presented in
Table 2. High water absorption, as well as flour with
improved baking quality, was observed. The data
show that the flour contained a high level of good
quality protein, based on the dough stability time

(10.45 min). Kandhari (17) observed a similar
relationship between flour quality and baking
characteristics.

Statistical analysis of the sensory evaluation data
shows that various parameters were subjected to
change due to the influence of different levels of
preservative, as well as storage intervals (Figures 1 and
2). It was observed that as the quantity of acid
increased in the bread dough there was a slight
decrease in the volume of bread. Bread volume was
the lowest at the maximum acetic acid level (T3), i.e.
6.520. These results are in agreement those of Nawab
et al. (18). Seguchi et al. (19) explained the effect of
gaseous acetic acid on bread making properties and
observed that increasing acetic acid could reduce
bread volume. Yeast activity generally decreased as a
function of increasing antimicrobial concentrations.
At in situ concentrations, calcium propionate resulted
in the greatest reduction in yeast activity, followed by
acetic acid and then lactic acid (20). A dough
fermentometer test was used to measure baker’s yeast
activity in the presence of these natural antimicrobials
and calcium propionate.
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Table 2. Analytical and farinographic data for the flour sample. 

Proximate composition of flour Farinographic characteristics of flour

Moisture 12.60% Water Absorption 66.8%
Protein 9.78%
Ash 0.40% Dough Development Time 9.8 min
Fat 1.10%
Crude fiber 0.69% Dough Stability Time 10.5 min
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Figure 1. Effect of storage time on sensory characteristics of bread.



The lactic acid combinations T4, T5, and T6
produced the highest mean values (between 7.440,
7.360, and 7.340) for crumb color, while the control
treatment (T0) produced the lowest (6.820), along
with the acetic acid combinations. Different
treatments affected the character of crust significantly,
as the best value was obtained with T5 (3.080),
followed by T2, T6, T4, and T3, respectively, with values
(3.000, 2.940, 2.960, and 2.880, respectively) that were
not significantly different, whereas T0 and T1 resulted
in the lowest values. It is obvious from Table 3 that
storage time also affected the character of crust. The
best results were observed at 3 h (3.100), with a
declining pace, whereas the storage results at 96 h
(2.829) were the least acceptable.

The analysis of variance for treatments was
significant for grain formation. The mean value for T1
(11.84) was the highest. Storage had no effect on
grain. In terms of crust color, the lowest mean score
was obtained with treatment T3 (5.860), whereas the
highest mean score was achieved with T5 (6.860). The
result for symmetry of form indicated that the lactic
acid combinations produced the best mean scores;
3.400, 3.220, and 3.100 for T5, T4, and T6, respectively.
This acid has a growth-stimulating effect on yeast.
Pyler (5) reported similar results. 

Although the effects of various treatments on
aroma, taste, and texture were not significant,
Gonkarov and Skalov (21) observed improvement in
bread aroma when acidulants were used for the
preservation of bread. These characteristics
deteriorated significantly during storage. 

As storage time increased the taste of the bread
became more unacceptable, as the lowest mean value
was obtained at 96 h of storage (13.86). Bread aroma
and texture also deteriorated with time: mean values
at 96 h of storage time were the lowest—6.257 and
10.39, respectively. Volatile and nonvolatile
compound contents of the bread showed certain
variations that correlated with the flavor scores. In
general, the alcohol, ketone, and salt content are
considered to positively affect the evaluation of wheat
bread flavor, whereas the aldehyde and acid content,
including lactic acid, have negative effects (22).
Evenness of bake was not affected during storage and
did not vary significantly according to treatment. 

It is obvious from Table 4, which shows the mold
count at different time intervals, that treatment T6 was
the most effective for controlling fungal growth.
Fungal growth appeared after 48 h of storage;
however, there was no additional growth or
appearance of fungi with this treatment, until yeast
colonies were recorded at 96 h of storage at the rate of
1.1 × 103 CFU/g. The maximum number of viable
fungal colonies was recorded in the control treatment
T0, while different combinations of lactic acid with
calcium propionate exhibited more effective
protection against fungi, followed by treatments with
acetic acid. These results agree with those of Branen et
al. (23). The majority of molds isolated from these
studies belong to Arpergillus flavus, followed by A.
fumigatus, Penicillium spp., Rhyizopus, and Mucor.
Latif et al. (24) also studied different genera of molds
(Aspergillus, Penicillium, and Actinomycetes) in bread.
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Figure 2. Effect of treatments on sensory characteristics of brea.



In the control treatment (T0) bread the number
of bacterial colonies on nutrient agar medium was
3.6 × 103 after 96 h of storage (Table 3); however, the
total bacterial count was too low to be reported in
the majority of observations. Thus, acid
combinations with calcium propionate adequately
prevented bacterial growth in the bread. Sharma et
al. (25) postulated that calcium propionate (0.5%)
could improve the storage quality of flat bread. After
24 h of incubation on nutrient agar plate, Bacillus
subtilis, Pseudomonas spp., and Staphylococcus spp.
were present in the breads prepared with different
preservative combinations. The predominant
species isolated in wheat flour and ropy bread were
Bacillus subtilis and B. licheniformis (26). Ten of the
15 strains of B. subtilis and 4 of the 6 strains of B.
licheniformis caused rope spoilage in the laboratory-
baked bread.

Conclusions
The results of the present study lead us to some

conclusions regarding extending the shelf life and
improving the sensory quality of bread. In order to
achieve these goals strict implementation of hygiene
and sanitation plans at production sites is required.
The use of acidulants and their salts may be useful as
well. It is therefore suggested that low lactic acid
combinations (0.2% and 0.3%) could positively affect
the quality characteristics of bread and provide better
protection against microbial spoilage. 

Corresponding autor: 
Omer Mukhtar TARAR
Food and Marine Resources Research Centre, 
PCSIR Laboratories Complex, Karachi, Pakistan
E-mail: omertarar@yahoo.com

O. M. TARAR, S. REHMAN, G. MUEEN-UD-DIN, M. A. MURTAZA

137

Table 3. Bacterial count at different storage times.

3 h 24 h 48 h 72 h 96 h

T0 3.0 × 102 1.7 × 103 3.7 × 103 4.9 × 103 6.7 × 103

T1 - 2 × 102 2.9 × 103 1.9 × 103 3.6 × 103

T2 - 3 × 102 - 11 × 102 7 × 102

T3 - - - 5 × 102 1 × 102

T4 - - 7 × 102 5 × 102 1.9 × 103

T5 - 2 × 102 3 × 102 9 × 102 1.3 × 103

T6 - 6 × 102 - 1 × 103 7 × 102

Table 4. Mold count at different storage times.

3 h 24 h 48 h 72 h 96 h

T0 1.0 × 103 4.9 × 103 2.37 × 104 2.7 × 104 2.6 × 104

T1 1.0 × 102 2.2 × 103 8.5 × 103 5.1 × 103 3.7 × 104

T2 - 1.2 × 103 7.0 × 102 2.4 × 102 4.8 × 103

T3 - 1.1 × 103 4.2 × 103 6.5 × 103 3.5 × 103

T4 - 1.0 × 103 3.1 × 102 1.7 × 102 5.4 × 103

T5 - 3.0 × 102 6.0 × 102 1.2 × 103 1.4 × 103

T6 - - 6.0 × 102 - 1.1 × 103
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