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CHAPTER-I 

INTRODUCTION 

 

Dry cereals are difficult to eat without grinding and mixing with water. 

The mixture of ground cereals with water forms the dough which has a sour 

aroma when left for some time and this was probably the first example of 

fermented food (Hammes and Ganzle, 1998). The fermentation depends on the 

oxidation of carbohydrates and related derivatives to generate end-products 

such as acids, alcohol and carbon dioxide which contribute towards aroma and 

preservation of the product. The fermented foods have been described as 

palatable and wholesome as the microorganisms, due to their potential for 

metabolic activities, contribute to the development of characteristic properties 

like taste, aroma, appearance, texture, shelf life and to the product safety. The 

indigenous enzymes present in the raw materials may play a significant role in 

enhancing these characteristics (Hammes et al., 2004).  

The sourdough process as a form of leavening is one of the oldest 

biotechnological processes in the food production. The traditional sourdough 

was simply a piece of dough from the previous baking, which was mixed with 

flour, salt and water to make the bread dough (Jacob, 1997). The storage of this 

piece of dough resulted in lactic acid fermentation due to the metabolic activity 

of lactic acid bacteria (LAB) present in the flour. The selection and multiplication 

of yeasts from the flour also occurred. The ability of LAB and yeasts for 

producing carbon dioxide in the sourdough has been found to be responsible for 

the leavening capacity of bread dough (Wood, 1996). The use of sourdough as a 

leavening agent in the bread production remained continued until it was 

replaced by baker’s yeast in the 19th century. The sourdough has been used in 
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the production of different bakery products like cakes, crackers and breads (De 

Vuyst and Ganzle, 2005). 

The microorganisms (LAB and yeast) are basically responsible for typical 

characteristics of the sourdough. When flour and water are mixed, the 

microorganisms in sourdough result in acid production and leavening. It is 

difficult to sterilize flour so the type and number of microorganisms relies 

mainly on substrates and processing parameters (Salovaara, 1998). 

There are three main groups of sourdoughs Group-I sourdoughs are 

produced traditionaly and need continuous, daily refreshments to keep the 

microorflora active. Group-II sourdoughs are semi-fluid and are produced by 

long fermentation periods (2 to 5 days) at a fermentation temperature >30°C. 

Group-III sourdoughs are in dried form consisting of LAB which are resistant to 

the drying process (Bocker et al., 1995). 

The modern bakeries use sourdough as a leavening agent due to its 

advantages, e.g. in the development of flavor and high sensory quality of the 

final product (Hansen and Hansen, 1996). The properties of a typical sourdough 

depend on its microflora, fermentation, proteolysis, synthesis of volatile 

compounds and antimicrobial activity. Moreover, endogenous factors in cereal 

products (such as carbohydrates, nitrogen sources, minerals, lipids and free fatty 

acids, and enzyme activities) and process parameters (such as temperature, 

dough yield, oxygen, fermentation time and number of sourdough propagation 

steps) influence the microflora of sourdough as well as the characteristics of the 

leavened baked products (Hammes and Ganzle, 1998). The impact of these 

parameters during continuous propagation of sourdough causes the selection of 

a characteristic microflora. In mature sourdoughs LAB range from 1 × 109 to 3 × 

109 CFU/g (colony forming units per gram), and yeasts from 1 × 106 to 5 × 107 

CFU/g sourdough (Hammes et al., 2005). More than 50 species of LAB, mostly 

species of the genus Lactobacillus, and more than 25 species of yeasts, especially 

of the genera Saccharomyces and Candida, have been found in sourdough. The 
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species i.e. Lactobacillus plantarum, Lactobacillus sanfranciscensis, Lactobacillus pontis 

and Lactobacillus panis are recognized as the key organisms in sourdoughs (Vogel 

et al., 1999; Ganzle, 2005). The variation in acidification properties, metabolism 

among different LAB and the ecological composition of each sourdough 

specifically affects the quality of bread. The desirable metabolic activities of LAB 

are deliberately exploited for the contribution of individual metabolic traits on 

the quality of bread. LAB (homofermentative and heterofermentative) are 

involved in the acid production but yeasts are responsible for the leavening 

function. Heterofermentative LAB also play a role in the process of leavening 

(Gobbetti et al., 1995).  

LAB are a heterogeneous group of Gram-positive bacteria with a strictly 

fermentative metabolism yielding lactic acid as the key metabolite. The natural 

habitat of these organisms includes humans, animals and plants. Their long 

history of safe use (Holzapfel et al., 2001), commonly referred to as the GRAS 

(Generally Recognized As Safe) status, combined with metabolic characteristics 

have led to a wide range of industrial applications in different products such as 

cheese, yoghurt, sausages, sour dough breads and silage (Wood, 1998). Genera of 

LAB identified from sourdoughs are Lactobacillus, Leuconostoc, Pediococcus and 

Streptococcus, but the majority belongs to the genus Lactobacillus. The content of 

lactic acid and acetic acid is considered to be an important factor in the overall 

flavor perception during bread consumption. Homofermentative LAB are able to 

convert hexoses almost completely into lactic acid (>85%), whereas 

heterofermentative LAB degrade hexoses into lactic acid, acetic acid/ethanol, 

and CO2. In addition to the type of starter culture, the temperature also affects 

the ratio of lactic acid to acetic acid (Hammes and Vogel, 1995). 

The antimicrobial activity of the LAB strains may help to inhibit microbial 

contamination. LAB produce several natural antimicrobials, including organic 

acids (such as lactic acid, acetic acid, formic acid, phenyllactic acid, caproic acid), 

carbon dioxide, hydrogen peroxide, diacetyl, ethanol, bacteriocins, reuterin, and 
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reutericyclin. Acetic acid contributes to the aroma and prevents mould spoilage 

in sourdough (Messens and De Vuyst, 2002). Bacillus subtilis (B. subtilis) and B. 

licheniformis are the causal organisms of rope spoilage in wheat bread and 

foodborne illness when present at levels over 105 CFU/g. One of the additive-

free methods to inhibit rope formation in bread is the use of sourdough. The 

sourdough technology has been used for making bread with a longer shelf-life 

and superior flavor since ancient times (Brummer and Lorenz, 1991). 

The production of organic acids and volatile flavoring compounds by the 

starter LAB contributes greatly to the bread flavor and bread shelf-life. It also 

helps to extend mould-free time through the production of various organic acids, 

excluding lactic acid, which act in synergy against spoilage moulds and rope-

forming bacteria. The lactic acid fermentation by the use of LAB improves the 

sensorial value, which is mainly dependent on the amount of lactic acid, acetic 

acid and several aromatic compounds. The efficient control of the metabolic end 

products is necessary and depends upon appropriate selection of the strain. The 

use of heterofermentative starter cultures and the addition of fructose as 

hydrogen acceptor may increase the production of acetic acid in sourdoughs. The 

interest to increase the content of acetic acid is not only due to its effect on the 

aroma of bread but also its antimicrobial function against moulds and rope 

producing bacillus which results in enhanced shelf life of the final product 

(Rosenquist and Hansen, 1998). 

The earliest production of fermented foods was based on spontaneous 

fermentation due to development of the microflora naturally present in the raw 

material. The quality of the end product was mainly dependent on the microbial 

composition of the raw material. Spontaneous fermentation was optimized 

through backslopping, i.e., inoculation of the raw material with a small quantity 

of a previous fermentation. Hence, backslopping results in dominance of the best 

adapted strains (Harris, 1998).  



 12

The direct addition of characterized starter cultures to raw materials has 

been a breakthrough in the processing of fermented foods, resulting in a high 

degree of control over the fermentation process and quality of the end product. 

The strains with proper physiological and metabolic features were isolated from 

natural habitats or from successfully fermented products (Oberman and 

Libudzisz, 1998). 

The isolation and identification of starter culture for the production of 

sourdough bread is not in practice in Pakistan. The starter cultures for the 

production of fermented products are not presently produced in Pakistan and 

are imported for industrial use. Mostly yeasted preferments are being used for 

the production of white bread. The use of LAB as starter culture may help to 

improve the quality and shelf life of the products. The present study was 

designed to characterize the suitable starter culture for the production of 

sourdough bread.  

The main objectives were as follows:  

• To isolate the indigenous starter culture for cereal fermentation.  

• To preserve the starter culture for longer shelf-life. 

• To optimize the conditions for bread making using indigenous starter culture. 
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CHAPTER-II 

REVIEW OF LITERATURE 

 

 

The cereals are globally used as substrates for fermentation all over the 

world. The products range from beer, sake, spirits, malt vinegar and bakery 

products prepared by the use of yeasts and sourdoughs. The sourdough has been 

used in the bread production for more than 5000 years in order to have improved 

texture and flavor as well as shelf life of the baked cereals, and still today is 

widely used. The literature available on various aspects of sourdough production 

through fermentation technology, have been reviewed under the following 

headings: 

 
2.1  History of sourdough 

2.2  Types of sourdough   

2.3  Microorganisms of sourdough 

2.4  Acid production 

2.5  Proteolysis 

2.6  Volatiles 

2.7  Inhibitory role 

2.8  Health benefits 

2.9  Bread characteristics 

 
2.1.    History of sourdough 

Cereals have been and still are the most important food grain crop and 

their cultivation dates back to 7000 B.C. especially for wheat. The porridges were 

the first to be consumed made of pounded or ground grains, which were later 

baked, yielding still unfermented flat bread. Porridges had also a tradition as 



 14

fermented food in Europe (Fenton, 1974). It is just a short way to boiling or 

baking these fermented products and the leavened bread was produced in Egypt 

already at the fourth millennium B.C. This first use of cereal fermentation for 

bread making was related to the alcohol production, as leftovers of gruels, 

porridge, dough or bread after suspending in water will spontaneously undergo 

lactic acid and alcoholic fermentation (Nout and Rombouts, 2000). 

Sourdough bread history dates back to its origin in Egypt as early as 3000 

B.C. (Wood, 1996). However, the art of making leavened sourdough bread was 

initially developed in Rome in 168 B.C. (Dupaigne, 1999). The tradition of 

making leavened bread with sourdough was disseminated to other parts of 

Europe by the Roman Empire. The wheat bread with addition of sourdough is 

still widely used all over the world (Spicher and Stephan, 1999). Man and 

microorganisms are in constant competition for food supplies (Steinkraus, 2002). 

The microorganisms were the first life-forms to appear on the Earth which has 

been thought to be about 4.5 billion years old. The molecular and metabolic 

studies suggested that lactic acid bacteria, including lactobacilli, may have 

emerged about 3 billion years ago. The microorganisms perform the recycling 

organic matter in the environment. The lactic acid bacteria population increased 

rapidly with the emergence of mammals 65 million years ago (Tailliez, 2001). As 

population increased, it became necessary to store food for winter or other 

periods when fresh food was not available readily. The stored foods provide 

substrate for bacteria, resulting in naturally fermented foods (Steinkraus, 1996). 

The fermentation technology has been used to produce a wide range of 

foods and food ingredients. Many beneficial microorganisms (molds, yeast and 

lactic acid bacteria) are widely used to convert raw food substrates into a number 

of fermented products. Fermentation technology has been developed with 

specialized production of food or feed ingredients. Bacteria of the genus 

Lactobacillus are beneficial microorganisms of particular interest because of their 

long history of use (Holzapfel, 2002). Lactobacilli were among the first 
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microorganisms used for the processing of foodstuffs (Konigs et al., 2000) with 

the aim to preserve food by inhibiting the microorganisms that cause food-borne 

illness or food spoilage (Adams, 1999). 

Sourdough is a mixture of flour and water in which lactic acid 

fermentation has been occured by the LAB. Spontaneous fermentation occurs in 

the dough, made from flour and water when left for 1-2 days at ambient 

temperature, due to the naturally occurring microorganisms in the flour. The 

LAB derived from the cereals or flours depend on the flour preparation and 

sourdough production technology. The traditional process for sourdough 

depends on the use of mother doughs that are continuously maintained over a 

long periods of time that may extend to several decades or even longer. The 

mother dough represents the natural microbial inoculum for the subsequent 

doughs (Stolz, 1999). Spontaneous fermentation was optimized through 

backslopping, i.e., inoculation of the raw material with a small quantity of a 

previously performed successful fermentation, which is dominance of the best 

adapted strains. Backslopping is still used in the production of sauerkraut and 

sourdough (Oberman and Libudzisz, 1998). 

The production of fermented foods and beverages through spontaneous 

fermentation and backslopping represents a cheap and reliable preservation 

method in the under-developed countries (Harris, 1998). During the fermentation 

there is a favoring of the gram-positive LAB from the flour at the expense of 

gram-negative bacteria that dominate the microflora of the flour. The 

sourdoughs are still started by the adding of a piece of ripe-sourdough from the 

day before to a mixture of flour and water. Many standardized, commercial 

sourdoughs are also available (Boecker et al., 1990) containing defined strains of 

LAB and sourdough yeasts with specific properties (Vogel et al., 2002). 
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2.2.    Types of sourdough   

The sourdoughs have been grouped into three types based on the 

technology used for their production. Type-I sourdoughs are traditional doughs 

maintained by the continuous propagation at ambient temperature (20–30°C). 

Mostly, traditional three-stage fermentation processes are used (Hammes and 

Ganzle, 1998). Lactobacillus (Lb) sanfranciscensis and Lb. pontis are the dominant 

LAB in these sourdoughs (Vogel et al., 1999). Some sourdoughs have been found 

to contain Lb. fructivorans, Lb. fermentum and Lb. brevis. Bakers’ yeast is used for 

the leavening of type-II sourdoughs. This is essential since type-II doughs are a 

less time-consuming, one-stage fermentation process at temperatures exceeding 

30°C. The dominant strains in industrial processes of type-II doughs are mostly 

Lb. panis, Lb. pontis, Lb. reuteri (Hammes and Ganzle, 1998; Vogel et al., 1999), Lb. 

johnsonii, Lb. sanfranciscensis (Hammes and Ganzle, 1998), Lb. fermentum, Lb. 

delbrueckii, Lb. acidophilus, Lactococcus lactis, Lb. brevis and Lb. amylovorus (Vogel et 

al., 1999). Type-III doughs are dried preparations of doughs (Hammes and 

Ganzle, 1998) which are made by traditional sourdough fermentation with 

subsequent water evaporation by freezedrying, roller spray drying or drying in a 

fluidized bed reactor (Corsetti et al., 1998). The type-III sourdoughs are the most 

convenient way to introduce superior bread taste into modern bakery industry 

(Bocker et al., 1995). 

 
2.3.    Microorganisms of sourdough 

LAB and yeasts are engaged in fundamental interactions of sourdough 

ecosystems.  LAB are the predominant organisms with significant numbers of 

yeast cells (Vogel et al., 1999). LAB are responsible for the acidification of the 

sourdough, whereas the yeasts are very important for the production a well 

balanced flavor in combination with the acids. A sponge should contain 

metabolically active lactic acid bacteria at 108-109 CFU/g responsible for acid 

production and yeasts at 106-107 CFU/g responsible for leavening action of 
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dough, respectively. However, the LAB may either originate from natural flour 

contaminant, a fermented dairy product or from a commercial starter culture 

containing characterized strains of LAB in sourdoughs (Gobbetti et al., 1994; 

Vuyst and Neysens, 2005). 

LAB are a group of gram-positive bacteria, which are catalase-negative, 

non-motile, non-sporeforming rods or cocci that produce lactic acid as the major 

end product during the fermentation. They are strictly fermentative, 

microaerofile, acidophilic, salt-tolerant and have complex nutritional 

requirements for carbohydrates, amino acids, peptides, fatty acids, salts, nucleic 

acids derivatives and vitamins (Hammes and Vogel, 1995). Several species 

belonging to the genera Leuconostoc, Weissella, Pediococcus, Lactococcus, 

Enterococcus and Streptococcus have been isolated from sourdough, but 

Lactobacillus strains are the most abundant. The genus Lactobacillus was first 

described by Beijerinck in 1901. In 1919, Orla-Jensen divided it into three 

subgenera (Thermobacterium, Streptobacterium and Betabacterium) according to 

their optimal growth temperature and hexose fermentation pathway. Bergey’s 

Manual of Systematic Bacteriology reorganizes the nomenclature into three 

groups: I (obligate homofermentative), II (facultative heterofermentative) and III 

(obligate heterofermentative) (Kandler and Weiss, 1986). This phenotype-based 

nomenclature is currently accepted. A phylogeny-based nomenclature, also 

comprising three groups, has been proposed: the Lactobacillus delbrueckii group, 

the Lactobacillus casei/Pediococcus group and the Leuconostoc group (Hammes and 

Vogel, 1995; Vandamme et al., 1996; Stiles and Holzapfel, 1997). 

The lactobacilli are gram-positive, non spore-forming rods or coccobacilli 

(Coenye and Vandamme, 2003). They are strictly fermentative, aerotolerant or 

anaerobic, aciduric or acidophilic, and have complex nutritional requirements 

(carbohydrates, amino acids, peptides, fatty acid esters, salts, nucleic acid 

derivatives, vitamins). Lactobacilli may be homofermentative (producing more 

than 85% lactic acid) or heterofermentative (producing lactic acid, carbon 
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dioxide, ethanol, and/or acetic acid in equimolar amounts). The species isolated 

from sourdough matrices peviously are Lb. frumenti (Muller et al., 2000), Lb. 

mindensis (Ehrmann et al., 2003), Lb. paralimentarius (Cai et al., 1999), Lb. spicheri 

(Meroth et al., 2004), Lb. rossiae (Corsetti et al., 2005), Lb. acidifarinae, Lb. zymae 

(Vancanneyt et al., 2005), Lb. hammesii (Valcheva et al., 2005), Lb. nantensis 

(Valcheva et al., 2006) and Lb. siliginis (Aslam et al., 2006). One or two Lactobacillus 

species are selected on propagation which are three or four times above those of 

the beneficial microorganisms (Hammes and Ganzle, 1998; Hammes et al., 1996). 

In wheat sourdough, mixed cultures were estimated as: Lb. Sanfranciscensis - 20%; 

Lb. Alimentarius - 14%; Lb. Brevis - 12%; Leuconostoc citreum - 7%; Lb. Plantarum - 

6%; Lactococcus lactis subsp. lactis - 4%; Lb. fermentum, Lb. acidophilus and Weissella 

confusa - each 2%; Lb. delbrueckii subsp. Delbrueckii (Corsetti et al., 2001). The 

mixed cultures of LAB and yeasts were different in composition in sourdough 

sponges. The use of mixed cultures has a number of advantages, such as 

improved flavor and texture and retained freshness for longer period as 

compared to baker’s yeast bread (Meignen et al., 2001). 

The composition of microflora varies depending on the fermentation 

conditions such as flour type, extraction rate, water content, fermentation 

temperature, fermentation time, and how the sourdough is refreshed. Some 

industrial sourdoughs are characterized by high water content to fluid conditions 

(suitable for pumping), elevated fermentation temperature (>30 °C). The fluid 

sourdoughs can be produced in large volumes by continuous fermentation 

processes and can be cooled for storing in silos upto one week. The microflora of 

the fluid sourdoughs is dominated by Lb. pontis, Lb. reutri and Lb. sanfranciscensis 

and the development of sourdough yeast is poor in fluid sourdoughs, therefore, 

it is necessary to add baker’s yeast to the bread dough for optimal leavening 

(Hammes and Ganzle, 1998).    

 More than 20 species of yeasts are found in sourdoughs (Rossi, 1996; 

Stolz, 1999; Gullo et al., 2002). The most abundant S. cerevisiae is added through 
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baker’s yeast (Corsetti et al., 2001). The yeasts which are associated with LAB in 

sourdoughs are S. exiguus, Candida humilis (C. humilis) and Issatchenkia orientalis 

(Candida krusei) (Gobbetti et al., 1994; Succi et al., 2003; Vernocchi et al., 2004a; 

Vernocchi et al., 2004b). Some other yeast species are also isolated from 

sourdough ecosystems such as Pichia anomala (as Hansenula anomala), Saturnispora 

saitoi (as Pichia saitoi), Torulaspora delbrueckii, Debaryomyces hansenii and Pichia 

membranifaciens (Gobbetti et al., 1994; Succi et al., 2003). The variation in the 

species is related to several factors like cereal type, leavening temperature and 

dough yield (Gobbetti et al., 1994). 

The selection of commercial starter cultures was based on rapid 

acidification rate and resistance to phages. The industrial starter cultures were 

maintained by daily propagation initialy. With the passage of time, the stater 

cultures were available in the form of frozen concentrates and dried or 

lyophilized preparations (Thiele et al., 2004). The original starter cultures 

contained several undefined microorganisms, but the daily propagation resulted 

in the disappearance of some organisms. The loss of genetic material might led to 

the limited biodiversity of commercial starter cultures and ultimately lack of the 

originality and specialty of the product (Crowley et al., 2002). 

Wild-type LAB dominate the microflora of the traditional fermented foods 

that may come from the raw material, the process apparatus, or the environment, 

and that is responsible for the fermentation process when the commercial starter  

is not available (Hammes, 1995). The activities of non-starter lactic acid bacteria 

(NSLAB) may add flavour to many traditional fermented products (Rossi, 1996; 

Stolz, 1999; Gullo et al., 2002). Traditional fermented foods are an excellent source 

for the isolation of pure cultures and may help to secure the diversity of 

metabolic activities of the particular strains that are required to be used as 

commercial starters. These include competitive growth behaviour in mixed 

cultures, adaptability to a variety of raw materials, inhibitory characteristics, and 

generation of volatiles (De Vuyst, 2002). 
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2.4. Acid production 

The wheat flour contains low contents of soluble carbohydrates (maltose, 

sucrose, glucose and fructose) varying from 1.55 to 1.85% depending on the 

balance between starch hydrolysis, by the flour and microbial enzymes with LAB 

and microbial consumption (Martinez Anaya, 1996). The utilization of soluble 

carbohydrates, their energy yield, lactic and acetic acids production are greatly 

affected by the associated yeasts. The association of Lb. sanfranciscensis and S. 

cerevisiae was optimal for producing acetic acid in continuous sourdough 

fermentation, while yeast extract did not produce the same effect (Vollmar and 

Meuser, 1992). Torulopsis holmii was found to improve dough acidification by Lb. 

sanfranciscensis and S. cerevisiae enhanced acid production by Lb. sanfranciscensis 

and Lb. plantarum (Spicher and Rabe, 1981; Spicher and Rabe, 1982). 

LAB produce lactic and acetic acids more slowly in mixtures with yeasts 

than in pure culture (Merseburger, 1995; Collar, 1996). Bacterial growth and 

production of lactic and acetic acids decreased due to the faster consumption of 

maltose and especially of glucose by S. cerevisiae when associated with Lb. 

sanfranciscensis in a synthetic medium containing these carbon sources (Collar, 

1996). The addition of selected carbon sources to the wheat dough has been 

proposed to increase the production of lactic and acetic acids by LAB associated 

with S. cerevisiae (Corsetti et al., 1994). 

The contents of lactic and acetic acids are an important factor in the 

overall flavor perception during bread consumption. Homofermentative LAB are 

able to convert hexoses almost completely into lactic acid (≥ 85%), whereas 

heterofermentative LAB degrade hexoses into lactic acid, acetic acid/ethanol, 

and CO2. In addition to the type of starter culture, the temperature also 

influences the ratio of lactic acid to acetic acid (Spicher and Rabe, 1980). 

Heterofermentative LAB also yield both, lactic and acetic acid, from pentoses 

(Hammes and Vogel, 1995). Moreover, the flour type used influences the 

amounts of both acids formed during fermentation, with fermented whole meal 
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flour being higher compared to white flour (Hansen and Hansen, 1994). The 

production of acids in sourdoughs also increased with increasing temperature 

due to a higher production of lactic acid, whereas the production of acetic acid 

was not influenced (Hansen et al., 1989; Gobbetti et al., 1995). The production of 

acetic acid in sourdoughs can be enhanced using heterofermentative cultures and 

added fructose as hydrogen acceptor (Martinez-Anaya et al., 1994; Gobbetti et al., 

1995). 

 
2.5.     Proteolysis 

Lactic acid bacteria contribute to overall proteolysis during the 

fermentation of sourdough by creating optimum conditions for activity of cereal 

proteinases. The lactic acid bacteria having high proteolytic activity contribute to 

the hydrolysis of wheat proteins in a strain-specific manner (Di Cagno et al., 

2003). Generally, sourdough fermentation with lactic acid bacteria resulted in an 

increase of amino acid concentrations during fermentation, whereas the 

concentration of free amino acids reduced when the dough was fermented with 

yeast. The level of individual amino acids in wheat doughs depends on the pH 

level of the dough, fermentation time and the consumption of amino acids by the 

fermentative microorganisms (Thiele et al., 2002).  

Bacterial proteolysis during sourdough fermentation resulted in the 

production of typical sourdough flavors of baked breads as compared to the 

chemically acidified or yeasted breads (Hansen et al., 1989). The flavoring 

compounds were increased by the addition of amino acids (e.g. ornithine, leucine 

and phenylalanine) to doughs (Gassenmeier and Schieberle, 1995). The level of 

amino acids in doughs may be affected by the proteolytic strains of LAB, but 

cereal proteases play a major role in degradation of proteins in sourdoughs 

(Thiele et al., 2003; Thiele et al., 2004).  

In wheat sourdoughs, Lb. brevis subsp. lindneri, Lb. sanfranciscencis, Lb. 

brevis and Lb. plantarum increased the levels of aliphatic, dicarboxylic, and 
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hydroxyl amino acids (Collar et al., 1991; Gobbetti et al., 1994). The yeasts i.e. S. 

cerevisiae and S. exiguus decrease the total level of amino acids in a similar way, 

the later is more effective in removal of amino acid from the dough (Spicher and 

Nierle, 1984). The combination of yeast and lactic acid bacteria yielded 

intermediate values for total amino acid levels. The estimated content of free 

peptides of sourdough with Lb. brevis and Lb. plantarum was lower than the 

estimated amount of amino acids. Reactivity of peptides was higher during 

fermentation in comparison to amino acids, and both the strains (Lb. brevis and 

Lb. plantarum) reduced the content of peptides during fermentation, especially if   

these LAB were associated with S. cerevisiae (Mascaros et al., 1994). The 

proteolytic activity of wheat sourdough depended on the microbial starter and 

the processing conditions. The level of free amino acids was dependent on the 

extraction rate of flour and the fermentation temperature. Dough yield has also 

been reported to influence the level of amino acids and the amount of amino 

acids was lower in soft doughs (Martinez-Anaya, 2003).  

 

2.6.   Volatiles 

The lactic acid fermentation enhanced the sensory quality, which is related 

to the amounts of lactic acid, acetic acid and aromatic compounds (Damiani et al., 

1996). There were two categories of flavor compounds produced during 

sourdough fermentation. Non-volatile compounds including organic acids 

produced by homo- and heterofermentative bacteria (Gobbetti et al., 1995) which 

decreased pH, acidified, and contributed to the aroma of bread dough (Barber et 

al., 1985). The second category of volatile compounds of sourdough bread 

included alcohols, aldehydes, ketones, esters and sulphur. These compounds are 

produced by biological and biochemical actions during fermentation process and 

contribute to the flavor of final product (Spicher, 1983). 

LAB contribute to the aroma and flavor of the fermented products. They 

acidify the food, resulting in a tangy lactic acid taste, and produce aromatic 



 23

compounds due to proteolytic and lipolytic activities (Yvon and Rijnen, 2001; van 

Kranenburg et al., 2002). Homofermentative LAB convert the available energy 

source (sugar) almost completely into lactic acid through pyruvate pathway 

yielding energy and balancing the redox. However, pyruvate also generates 

other metabolites such as acetate, ethanol, diacetyl, and acetaldehyde. In this 

way, LAB produce volatile substances that contribute to the typical flavor of 

certain fermented products, such as sourdough (Kleerebezem, 2000). Microbial 

metabolisms verify production of different volatile compounds for hetero- and 

homofermentative organisms. The products of yeast fermentation include 2-

methyl-1-propanol, 2/3-methyl-1-butanol and other iso-alcohols. Heteroferme-

ntative LAB products are dominated by ethyl acetate and certain alcohols and 

aldehydes (Spicher et al., 1982) whereas diacetyls and carbonyls are major 

homofermentative LAB products (Spicher et al., 1981). The most appropriate 

profiles of flavor components are yielded by Lb. brevis subsp. Lindneri and 

Lactobacillus plantarum (Gobbetti et al., 1995). However, with the exception of Lb. 

plantarum DC400-Saccharomyces exiguus M14 association, both hetero- and 

homofermentative LAB increase yeast fermentation volatile compounds 

(Gobbetti et al., 1995; Damiani et al., 1996). 

The generation of volatiles in sourdoughs is affected by the activity of the 

LAB and sourdough yeasts. Generally, LAB are mostly responsible for the 

acidification and are able to liberate aroma precursors, such as free amino acids, 

and it has been previously reported that the concentrations of free amino acids 

are increased significantly during sourdough fermentation (Kratochvil and 

Holas, 1983; Hansen et al., 1989). The key degradation reaction of amino acids 

during dough fermentation is the Ehrlich pathway leading to the production of 

aldehydes or the corresponding alcohols, respectively (Schieberle, 1996). The 

composition of sourdough flavoring compounds is not only influenced by 

microbial composition but also due to bread making processes and ingredients 

(Collar, 1996; Gobbetti, 1998). Processing conditions such as proofing time, 
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temperature and slackness of sourdough may also affect the flavoring 

compounds. Low temperature (25°C) and sourdough firmness are considered to 

be appropriate for LAB activities but limited for yeast metabolism. Semi-fluid 

sourdough fermentation can generate more complete volatile profiles by 

increasing the temperature to 30°C. The sourdough is mainly characterized by 

iso-alcohols at 3 hr fermentation, but an increase of leavening time upto 9 hours 

can produce volatiles about three times higher than that at 5 hours (Lund et al., 

1989). 

Sourdough sponges vary in the proportions of LAB in different breads. 

The primary metabolic products of LAB are L-lactic and acetic acids with lower 

amounts of citric and malic acids. Ratio of lactic acid to acetic acid is important 

for flavoring final product (Linko et al., 1997). LAB produce lactic and acetic acids 

slowly in the mixed culture with yeasts than in monocultures (Merseburger et al., 

1995). The LAB can also influence the production of certain volatile components 

e.g. the content of ethyl acetate was higher in firm wheat sourdoughs (Damiani et 

al., 1996) fermented with heterofermentative LAB as compared to sourdoughs 

fermented with homofermentative LAB. However, the content of ethyl acetate 

was higher in fluid sourdoughs fermented with homofermentative LAB as 

compared to firm sourdoughs. The content of ethyl acetate was higher in wheat 

sourdough made with high extraction flour and heterofermentative cultures as 

compared to sourdough made with low extraction flour (Hansen and Hansen, 

1994). The formation of the carbonyl compounds might be influenced by the 

sourdough microflora e.g. the content of hexanal was very high in sourdoughs 

fermented with a non-commercial homofermentative culture (Lund et al., 1989). 

The content of diacetyl was higher in sourdoughs manufactured with 

homofermentative as compared to heterofermentative cultures (Hansen et al., 

1989; Lund et al., 1989; Damiani et al., 1996), and was also higher in the 

corresponding bread (Hansen and Hansen, 1996).  
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The most frequent yeast species isolated from sourdoughs is S. cerevisiea 

with other subspecies of Saccharomyces, Candida, Pichia and Hansenula (Mantynen 

et al., 1999). Addition of yeasts (Saccharomyces and Hansenula genus) resulted in 

increased production of alcohols, esters and some carbonyl compounds as 

compared to sourdoughs without the addition of yeast (Hansen and Hansen, 

1994; Damiani et al., 1996). The amounts of ethanol, methylpropanol, 2-3-

methylbutanol, ethyl acetate and diacetyl were increased significantly in 

sourdoughs with the addition of yeast. The acetaldehyde, acetone, ethyl acetate, 

ethanol, hexanal, isobutyl alcohol, and propanol were found in large amounts 

when only yeasts were used for the wheat bread production. In this study, S. 

cerevisiae produced more volatiles than C. guilliermondii and the addition of 

glucose and sucrose improved the quantity of volatile flavoring compounds.  

 

2.7.     Health benefits 

 Nutraceuticals are food components that contribute to the health of 

consumer through specific physiological action (Andlauer and Furst, 1999). 

Several nutraceuticals from bacterial origin have been included in the food 

products (Hugenholtz et al., 2002). The grains contain a wide range of nutrients 

and bioactive compounds which contribute to the positive health effects. The 

phytochemicals, such as lignins, phenolic acids, phytosterols, tocopherols and 

tocotrienols, and other vitamins, are concentrated in the germ and in the outer 

layers of the kernel (Hegedus et al., 1985; Glits and Bach Knudsen, 1999). 

Sourdough fermentation has been shown to increase folate content (Liukkonen et 

al., 2003; Kariluoto et al., 2004), decrease tocopherol and tocotrienol content 

(Wennemark and Jaegerstad, 1992; Liukkonen et al., 2003), and decrease or 

increase thiamin content due to process conditions (Ternes and Freund, 1988). 

The presence of yeast adds to the formation of folates (Kariluoto et al., 2004) and 

thiamin (Ternes and Freund, 1988). 
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 The recognized health benefits of dietary fiber (DF) have increased the 

interest in fiber content of various foods and the introduction of fiber ingredients. 

The most common source of DF in baking is cereal bran but its  addition, 

especially in such amounts that health benefits can be expected, cause severe 

problems in bread quality (Seibel, 1983). The bran fraction of the cereal grain 

(rich in fiber) is modified with the incorporation of sourdough in such a way that 

higher amounts of bran can be utilized in the production of breads. Pre-soaking 

of wheat bran for one hour has been reported to have beneficial effects on the 

loaf volume (Lai et al., 1989). Hydration of bran (15 min in an excess water at 10 

or 97°C) before addition to the dough increased the loaf volume and improved 

bread quality in wheat bread containing 12% bran (Nelles et al., 1998). Pre-

fermentation of bran with yeast or with yeast and lactic acid bacteria improved 

loaf volume and crumb softness during storage (Salmenkallio-Marttila et al., 

2001). 

 Cereals are an important source of minerals such as potassium, 

magnesium, iron and zinc, but also contain phytic acid (1–4% of dry weight) 

(Pandey, et al., 2001), which is an anti-nutritional factor (Lopez et al., 2000). 

Phytic acid forms complex with basic amino acid group of proteins which results 

in their reduced bioavailability (Dvorakova, 1998). Lower inositol phosphate 

derivatives have been reported to provide health benefits in the protection of 

coronary heart and neural tissue diseases (Fisher et al., 2002). The phytate content 

of whole wheat flour is reduced by a slight decrease in pH by endogenous 

phytase activity (Leenhardt et al., 2005). LAB, yeast and cereals exhibit phytate-

degrading enzymes (Shirai et al., 1994; Lopez et al., 2000; Turk et al., 2000) and 

phytic acid content may be reduced from 13 to 100% in different types of bread 

(Lopez et al., 2001). 

Sourdough bread is popular due to its tradition and natural image but it is 

toxic for the people affected by Celiac Sprue (CS) disease due to its gluten 

content (Silano and De Vincenzi, 1999). The reaction to gluten ingestion is 
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inflammation of the small intestine leading to the malabsorption of several 

important nutrients, including iron, folic acid, calcium and fat-soluble vitamins 

(Feighery, 1999; Kelly et al., 1999). Gluten-free breads have been reported to 

show quick staling and a flat aroma. However, both of these disadvantages can 

be removed by the application of sourdough for wheat bread production (Clarke 

et al., 2002; Crowley et al., 2002). Lactobacilli can help to decreas the CS-inducing 

effects (Di Cagno et al., 2002).  

 Food-related diseases, such as obesity and type-2-diabetes, are a threat to 

the health and well being of many people in the Western world, China and India. 

Sourdough has also great potential to modify the macromolecules in the dough 

e.g. the ability of sourdoughs to reduce digestibility of starch (Liljeberg et al., 

1995; Ostman et al., 2002). 

 

2.8.    Inhibitory role 

Even under the stringent conditions of production, bread may be 

contaminated with molds or bacteria such as Bacillus subtilis and clostridia that 

grow and subsequently spoil the product. The addition of organic acids or 15% 

sourdough to the common dough recipe helps to inhibit the growth of these 

contaminating microorganisms (Voysey and Hammond, 1993). LAB have an 

important role to increase the shelflife of the fermented foods (Caplice and 

Fitzgerald, 1999). LAB produce several natural antimicrobials including organic 

acids (lactic acid, acetic acid, formic acid, phenyllactic acid, caproic acid), carbon 

dioxide, hydrogen peroxide, diacetyl, ethanol, bacteriocins, reuterin, and 

reutericyclin. Acetic acid contributes to the development of aroma and also 

prevents mold spoilage in sourdough (Messens and De Vuyst, 2002). 

The baked goods are spoild most by the fungal growth that may pose 

public health concerns due to the mycotoxin production (Legan, 1993). The fungi 

belonging to the genera of Aspergillus, Cladosporium, Endomyces, Fusarium, Mucor, 

Penicillium, and Rhizopus, most commonly cause damage to the bakery products 
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(Keshri et al., 2002). Sourdough is most suitable technique to preserve the baked 

goods from fungal spoilage with other  techniques of inactivatiing contaminating 

spores by the use of radiation, chemical inhibitors such as propionic, sorbic, 

benzoic and acetic acid, and suitable packaging (Brock and Buckel, 2004; Guynot 

et al., 2005). The sourdough addition with its additive-free image has been 

reported to be the best preservation method of bread and other bakery products 

(Rosenquist and Hansen, 1998). LAB have very important role to improve the 

microbial shelflife of sourdough bread (Spicher, 1983) which is due to the 

antifungal effects of acetic acid instead of lactic acid (Rocken, 1996). 

Rope formation in wheat bread is caused by Bacillus spp (B. subtilis and 

Bacillus licheniformis) (Kirschner and Von Holy, 1989), which may also cause 

foodborne illness (Kramer and Gilbert, 1989). The ropy bread is characterized by 

the slimy appearance of the crumb and such bread may cause foodborne illness. 

However, the breads showing high number of B. subtilis and B. licheniformis, but 

with no rope formation, may result in vomiting and diarrhoea (Rosenquist and 

Hansen, 1995). The baking process (97–101°C) does not ensure the destruction of 

spores and rope formation occurs most commonly in wheat breads that are not 

acidified, or in breads with high concentrations of sugars or fat (Beuchat and 

Ryu, 1997). Sourdough technology with its additive-free image is the most 

efficient method of rope prevention (Katina et al., 2002). The acidification and 

production of acetic acid by heterofermentative lactobacilli in sourdough delay 

growth of B. subtilis in bread if the raw material and fermentation conditions are 

optimal (Ganzle, 1998). 

LAB starter strains are able to produce bacteriocins in food matrices and 

consequently show inhibitory activity towards food spoilage or pathogenic 

bacterial strains (Callewaert et al., 2000). Bacteriocins are antimicrobial proteins 

which inhibit microorganisms which are closely related to the producer strain 

(Schillinger and Holzapfel, 1996). Bacteriocins attack the cell envelope and 

damage the integrity of cell membrane (Twomey et al., 2002). Bacteriocin-
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producing LAB can be used for the preservation of foods due to their 

microbiological, physiological and technological advantages (Cleveland et al., 

2001). Bacteriocins may increase the competitiveness of the producer strain in the 

food matrix and contribute to the prevention of food spoilage (Ross et al., 2000). 

Many bacteriocins are active towards foodborne pathogens such as Clostridium 

botulinum, Staphylococcus aureus, and Listeria monocytogenes (Nettles and Barefoot, 

1993). LAB bacteriocins are active against a wide range of mostly closely related 

Gram-positive bacteria (Jack et al., 1995). However, Gram negative bacteria are 

generally insensitive to bacteriocins from LAB strains because of their outer 

membrane providing them with a permeability barrier. The sensitivity of Gram-

negative bacteria can be increased by sublethal injury of the cells, using high 

hydrostatic pressure and pulsed electric field (Caplice and Fitzgerald, 1999). In 

addition, food grade chelating agents such as ethylene-diamine-tetra-acetic acid 

(EDTA) and citrate can be used to bind magnesium ions in the 

lipopolysaccharide outer layer of Gram-negative bacteria to make them 

susceptible to bacteriocins (Holzapfel et al., 1995). Yeasts and fungi are not 

inhibited by LAB bacteriocins (De Vuyst and Vandamme, 1994). The use of LAB 

bacteriocins that are active against Bacillus species can be helpful as these species 

can cause spoilage of bread by rope formation, and may constitute a health risk 

(Ganzle, 1998). 

 
 

2.9.    Sourdough bread characteristics 

Taste and smell are the major characteristics which the consumers 

consider to assess the quality of bread and other baked products (Hansen et al., 

1989). Fermentation and baking are the main steps of flavor of bread and baking 

affects the aroma of bread crust, however dough fermentation plays important 

role in the development of crumb flavor. The formulation and origin of breads 

consumed in different geographical areas affect the aroma of the final product 
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(Hansen and Schieberle, 2005). The sourdough is used in modern bakery 

industry due to its merits over baker’s yeast including the development of 

typical aroma of bread which gives a high quality final product (Hansen and 

Hansen, 1996). 

LAB are responsible for the aroma and flavor of fermented products. The 

sourdough wheat bread is more aromatic than simple wheat breadbecause of its 

long fermentation time (Brummer and Lorenz, 1991). They acidify the food 

resulting in a tangy lactic acid taste and produce aromatic compounds due to 

their proteolytic and lipolytic activities (Williams et al., 2001; Yvon and Rijnen, 

2001). The development of flavoring compounds in breads is affected by the type 

of cereal flour, endogenous and exogenous cereal components and processing 

steps such as the heat treatment in baking (Hansen, 1995). The carbon source, 

especially low-molecular weight sugars, available to the microorganisms, is key 

factor of flavor (Martinez-Anaya, 1996). The addition of sucrose to wheat dough 

stimulates the yeast and LAB growth and enhances the production of lactic and 

acetic acids (Corsetti et al., 1994). However, total titratable acidity (TTA) of the 

dough increases in proportion to the addition of sucrose (0-6%) due to the 

accumulation of acetic acid which affects the generation of flavoring compounds 

(Simonson et al., 2003).  

The environmental factors such as temperature and pH may affect the 

production of flavor components. Yeast and LAB growth has a direct 

relationship with temperature between 15 °C and 27 °C (Neysens et al., 2003; 

Simonson et al., 2003) and the most desirable sensory characteristics are obtained 

at pH 4.0-5.5 (Przybylski and Kaminski, 1983). The addition of 5-15% sourdoughs 

fermented with Lb. plantarum and Lb. sanfrancisco yielded the breads with 

superior odor and taste (Hansen and Hansen, 1996). The interactions between 

starter cultures and flour components are very important in relation to the 

production of flavoring compounds in the sourdough breads (Schieberle and 

Grosch, 1987; Hansen, 1995). Sensory evaluation of sourdough of wheat bread 
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crumb showed that bread made from the addition of sourdough fermented with 

the heterofermentative Lb. sanfranciscensis had a pleasant, mild, sour odor and 

taste. However, sourdough bread fermented with the homofermentative Lb. 

plantarum had an unpleasant metallic sour taste. Moreover, the wheat bread 

showed a more acceptable aroma when sourdough was supplemented with the 

yeast S. cerevisiae (Katina et al., 2006). Sourdough breads may differ in flavor as a 

result of composition and blending of the cereal flours (Schieberle and Grosch, 

1994). The composition of wheat flour affects the content of ethyl acetate and 

ethanol in heterofermentative LAB sourdoughs (Hansen and Hansen, 1994). The 

total volatiles are positively influenced by the ash content ranging from 0.55 

to1.00%. Wheat bread from sourdough sponges had an increased content of 2,3-

methyl-1-butanol; and through association of LAB and yeasts. The bread was 

considered of superior flavor quality with higher contents of 2, 3-methyl-1-

butanol, 2-methyl-propanoic acid, 3-methylbutanoic acid and 2-phenyl-ethanol 

(Hansen and Hansen, 1996). This may be the result of the combination of 

enhanced bacterial acidification and proteolysis (Corsetti et al., 1994). 

The alcohols, esters and diacetyl were present in lower quantities in 

sourdough bread than the sourdough (Lund et al., 1989; Hansen and Hansen, 

1996). The level of esters in the bread was also very low as the most of them were 

evaporated during baking process. However, the content of 3-methylbutanal 

enhanced significantly during baking (Hansen et al., 1989). The acetaldehyde, 2-

methylpropanoic acid, 2/3-methyl-1-butanol, 3-methylbutanoic acid, 

isopentanal, 2-nonenal, benzylethanol, 2-phenylethanol, 2, 3-butandione and 3-

hydoxy-2-butanone, dimethyl sulphide and 2-furfural are the compounds which 

are correlated positively to the flavor of wheat crumb (Hansen and Hansen, 

1996). 

Volatile compounds are produced from the precursors present in 

ingredients or evolved from enzymatic or mechanical degradations (Drapron 

and Molard, 1979). The most important precursors are the sugars and amino 
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acids (Thiele et al., 2002). Bread from unfermented doughs has a different aroma 

from that prepared from fermented dough and has smaller amount of aroma 

compounds. Fermentation of sugars by yeasts during the bread-making process 

is responsible for the large number of volatile compounds that are associated 

with the distinctive bread flavor (Frasse et al., 1993). The concentration of basic 

amino acid increased in broth cultures due to higher amount of ornithine, which 

is an important precursor for aroma in wheat bread (Gassenmeier and 

Schieberle, 1995; Thiele et al., 2002). Phenyllactic acid (PLA) and its 4-hydroxy 

derivative (OH-PLA) are generated through Phenylalanine metabolism in 

addition to other flavor volatiles (Vermeulen et al., 2006). The enhanced overall 

flavor of bread has been linked to the high amount of free amino acids in 

sourdough and higher intensity of roasted flavor. The production of ornithine 

during sourdough fermentation has been reported to be responsible for the 

enhanced roasted flavor of the resultant bread (Thiele et al., 2002).  

The incorporation of sourdough in the production of bread improved loaf 

volume effectively as compared to chemically acidified dough (Clarke et al., 

2002). Moreover, acidic sourdough has been reported more effective in 

improving bread volume as compared to yeasted preferment (Corsetti et al., 

2000). It is generally assumed that the use of sourdough improves gas retention 

and not the gas production in bread dough, even many sourdough 

microorganisms produce carbon dioxide (Hammes and Ganzle 1998; Clarke et al., 

2002). 

The bread gradually loses its freshness and stales during storage. The 

staling process includes many aspects: the crust toughens, the crumb becomes 

more firm and less elastic and moisture and flavor is lost (Hoseney, 1994). The 

bread staling is generally evaluated by measuring the crumb firmness. However, 

this character is also influenced by loaf volume and crumb structure. Bread 

staling is a complex phenomenon in which various constituents and mechanisms 

contribute (Gray and BeMiller, 2003). The bread firming is delayed due to the 
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combination of acidification by the lactic acid bacteria and microbial starch and 

protein hydrolysis in the sourdough bread production (Corsetti et al., 1998). 

The observed differences in the staling of sourdough breads is related to 

the  significant role of strain-specific properties of LAB because different 

sourdough breads with comparable acidity levels, had different staling rates (in 

terms of firmness and starch retrogradation). LAB strains possessing proteolytic 

and amylolytic activities were found the most effective in the delay of staling 

(Corsetti et al., 1998). Certain sourdough LAB have the ability to produce 

exopolysaccharides, which are potential anti-staling substances (Korakli et al., 

2003). The solubilisation of arabinoxylans during sourdough fermentation might 

reduce the bread staling as pentosans have been reported to prevent starch-

gluten interactions which are responsible for staling (Gray and Bemiller, 2003). 

The combined use of exogenous enzymes (alfa-amylase and xylanase) and 

sourdough in the baking process have been shown to increase the rate of 

acidification, improve bread volume and retard bread staling in white wheat 

bread (Corsetti et al., 2000; Di Cagno et al., 2003). 

The bread is spoiled by rope formation due to Bacillus spp., and can be 

observed from 12–24 h after bread is out from the oven. The spoilage can be 

observed as an unpleasant odor discoloration, sticky soft bread crumb and by the 

extracellular slimy polysaccharides (Rosenquist and Hansen, 1995; Von Holy and 

Allan, 1990). When the cell numbers of B. subtilis and B. licheniformis are upto 105 

CFU/g, they are a threat of food borne illness. (Kirschner and Von Holy, 1989). 

The microbial contaminantion can be controlled by the addition of organic acids 

or sourdough (15%) to common dough in bread production (Voysey and 

Hammond, 1993). Lactic acid bacteria have also been reported to yield 

antimicrobial compounds (bacteriocins) such as nisin, which have the ability to 

inhibit germination and the growth of Bacillus species (De Vuyst and Vandamme, 

1993). The acidity level of sourdough and resulting bread dough is important as 

for as the inhibition of rope spoilage is concerned. The addition of 10% 



 34

sourdough with pH-values of the resulting bread from 4.96-5.24 and TTA-values 

from 3.0-4.7 did not show prevention of rope spoilage. The addition of 15% of 

sourdough with pH values from 4.55-4.77 and TTA-values from 4.6-5.1 

prevented rope spoilage in the resulting bread (Rosenquist, 1996).  
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CHAPTER-III 

MATERIALS AND METHODS 

 

3.1.    ISOLATION OF INDIGENOUS STARTER CULTURE  
3.1.1    Sterilization of glass ware 

            The glassware used during the present study including glass bottles, glass 

flasks, glass Petri-plates, screw-capped test tubes etc., were washed in the 

detergent and soaked into the distilled water before air drying. The sterilization 

was carried out in hot air oven (Memmert UM-200) at a temperature of 171 °C for 

30 minutes by following the instructions given by Cappuccino and Sherman 

(1996). 

 
3.1.2    Sample collection 

            Twenty wheat flour dough samples were collected from different bakeries 

located in vicinity of Faisalabad city. The samples were drawn in sterilized screw 

capped bottles and preserved under refrigerated conditions at 4°C for further 

studies. 

 
3.1.3    Sample processing 

            The spontaneous fermentation of dough samples was carried out for 24 h 

at a temperature of 30°C under the laboratory conditions. Serial dilutions for 

each sample were made by the method as recommended by Cappuccino and 

Sherman (1996). 

 
3.1.4    Media for growth of microorganisms 

Following media were used in the present study: 

i. Nutrient agar 

ii. Nutrient broth 
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iii. Plate count agar (PCA) 

iv. Acetate agar 

v. Rogosa agar 

vi. De Man Rogosa Sharpe (MRS) agar 

vii. De Man Rogosa Sharpe (MRS)  broth 

viii. Potato dextrose agar (PDA) 

The Nutrient agar (Oxoid, UK), MRS agar (Oxoid, UK), PCA (Oxoid, UK) 

and PDA (Oxoid, UK) were procured from the local market while Acetate agar, 

Rogosa agar, Nutrient broth and MRS broth were prepared according to the 

instructions given by Harrigan and McCance (1990). The pH of all the media was 

adjusted required for the specific medium by using 0.1N NaOH and 0.1N HCl.  

 
Nutrient broth 

The Nutrient broth is a general purpose liquid culture medium used for 

microbial growth which contained the following ingredients: 

      Lab lemco powder                                          1.0 g 

      Yeast extract                                                     2.0 g  

      Peptone         5.0 g 

      Sodium chloride        5.0 g 

      Agar                   15.0 g 

Distilled water        1.0 L 

 
The pH of the medium was adjusted to 7.4 and autoclaved at 121°C for 15 

minutes and stored under refrigeration conditions.        

 
MRS broth 

MRS broth is a liquid culture medium recommended selectively for the 

isolation and identification of lactobacilli which contains: 

Peptone       10.0 g 

Lemco meat extract      10.0 g 
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Yeast extract                    5.0 g 

D-Glucose       20.0 g 

Tween 80         1.0 g 

Dipotassium hydrogen phosphate               2.0 g 

Sodium acetate                                                 5.0 g 

Triammonium citrate                                      2.0 g 

Magnesium sulphate, hydrated                    0.2 g 

Manganese sulphate, hydrated                   0.05 g  

Distilled water        1.0 L 

 
The ingredients were dissolved in distilled water. The pH of the medium 

was adjusted to 6.2 and autoclaved at 121oC for 15 minutes, then stored under 

refrigeration conditions. 

 
Acetate agar 

The Acetate agar is a solid culture medium recommended for the 

characterization of lactobacilli which contained the following ingredients: 

      Basal medium 

Peptone       10.0 g              

Lemco meat extract      10.0 g 

Yeast extract         5.0 g 

Agar                    15.0 g 

Tri-ammonium citrate       2.0 g 

Salts solution                    5.0 ml 

D-Glucose                                                       10.0 g 

Tween 80                                                           0.5 ml 

Distilled water        1.0 L  

      Salts solution 
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Magnesium sulphate, hydrated                    8.0 g 

Manganese sulphate, hydrated                     2.0 g 

Distilled water                                              100.0 ml 

 

The peptone, meat extract, yeast extract and agar were dissolved in 1 litre 

of water by autoclaving at 121oC for 15 minutes, then citrate and salts solution 

were added and mixed well. The pH was adjusted to 5.4 and filtered. The 

glucose and tween-80 were added and mixed thoroughly. The medium was 

dispensed in screw-capped bottles and sterilized by autoclaving at 121°C for 15 

min. 

 
Rogosa agar  

The Rogosa agar is also one of the solid culture medium selective for the 

characterization of lactobacilli which contained the following ingredients: 

Tryptone     10.0 g 

      Yeast extract                   5.0 g 

D-Glucose      20.0 g 

Tween 80        1.0 g  

Potassium dihydrogen phosphate     6.0 g      

Ammonium citrate       2.0 g 

Sodium acetate, hydrated                25.0 g   

Glacial acetic acid                1.32 ml   

Magnesium sulphate, hydrated               0.575 g 

Manganese sulphate, hydrated                  0.14 g 

Ferrous sulphate, hydrated                       0.034 g  

Agar                                                                15.0 g 

Distilled water                                                 1.0 L 

 
The pH of the medium was adjusted to 5.4. All the ingredients were 

suspended in the water and dissolved by heating at 50-60°C.  The medium was 
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distributed in sterile containers and heated for further 50 minutes. The medium was 

stored under refrigeration conditions until required.  

 

Potato dextrose agar (PDA) 

 This medium is generally accepted for reliable growth of yeasts which 

contains: 

Tryptone        5.0 g 

Soya peptone         5.0 g 

Meat digest        5.0 g        

Yeast extract         2.5 g 

Ascorbic acid         0.5 g  

Magnesium sulphate               0.25 g 

Di-sodium-β-glycerophosphate               19.0 g 

Agar                  11.0 g 

Distilled water                                                 1.0 L 

All the ingredients were dissolved in 950 ml distilled water. The pH of the 

medium was adjusted to 6.9 ± 0.2 and autoclaved at 121°C for 15 min. The 10% 

lactose solution was independently autoclaved at 121°C for 15 minutes and 50 ml 

of that was added to the previously prepared media to make the volume up to 

1000 ml. 

 
3.1.5      Inoculation and incubation of sourdough samples 

Viable count 

              A 10 g of each sourdough sample was homogenized with 90 ml of sterile 

diluent (5 g peptone, 8.5 g NaCl, 1L distilled water, pH 7.0±0.2). Further dilutions 

were prepared with the same diluent. Total Aerobic Mesophilic Bacteria (TAMB) 

were enumerated on Plate Count Agar (PCA, Oxoid, Basingstoke, Hampshire, 

UK) (Lonner et al., 1986). MRS agar (Oxoid, UK) was used for enumeration of 

total LAB (Man et al., 1960), 10 ppm of cycloheximide (Merck, Darmstadt, 
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Germany) was added to the media for prevention of the growth of yeasts and 

moulds (Okada et al., 1992). Acidified Potato Dextrose Agar (PDA, Oxoid, UK), 

pH 3.7, was used for enumeration of yeasts. 

 

3.1.6   Morphological examination of culture isolates 

The representative colonies, showing catalase negative and Gram positive, 

were randomly picked from higher dilution (10-6) of MRS agar plates and 

transferred into 10 ml test tubes containing sterile MRS broth. The culture 

isolates were morphologically observed under microscope by following the 

method described by Cappuccino and Sherman (1996). 

 
Gram’s staining 

The major steps involved for gram’s staining are as under: 

• Smear was flooded with crystal violet (primary stain) for 60 sec. and then 

washed with distilled water. 

•  Gram’s iodine (mordant) was applied for 30 sec. and washed with 

distilled water. 

• Slides were flooded with 95% ethyl alcohol drop wise untill alcohol ran 

clear and then washed with distilled water. 

• Smear was flooded with Safranin (counter stain) for 20 sec. and washed 

with distilled water  

• Slide was dried through blotting paper. 

All the slides were examined under 40X and 100X oil immersion lens and 

results were recorded. 

 
3.1.7    Purification of isolates 

  Presumptive lactobacilli were selected on the basis of morphological, 

Gram’s staining reaction and the catalase test, and the representative colonies 

from MRS agar were transferred to the Acetate agar plates. The isolates were 

purified by successive streaking on the Rogosa agar and MRS agar media before 
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being subjected to characterization. The pure bacterial isolates were inoculated 

into MRS broth, incubated for 24 h at 30°C, centrifuged (Sigma, 3K30, Germany) 

at 3000 rpm for 15 min and the supernatant was decanted. The cell pellets were 

resuspended in sterile MRS broth containing 10% (v/v) glycerol. The suspension 

was aseptically transferred into sterile cryotubes containing acid-washed glass 

beads and stored at -80 °C until required for identification (Harrigan and 

McCance, 1990). 

 
3.1.8     Identification of pure culture isolates 
           

 The pure isolates of lactobacilli obtained from MRS agar and broth 

medium were identified and characterized by applying sugar fermentation, 

biochemical and enzymatic activity tests according to the procedure described by 

Cappuccino and Sherman (1996). The growth of the lactobacilli at different NaCl 

concentrations, different pH and temperatures was also observed according to 

the differential scheme proposed by Wood and Holzapfel (1995).                                                      

 
3.1.8.1 Sugar fermentation tests 

The production of acid from carbohydrates (glucose, L-arabinose, 

cellobiose, fructose, galactose, sucrose, glycerol, lactose, maltose, mannitol, 

mannose, melezitose, melibiose, raffinose, rhamnose, ribose, trehalose, D-xylose) 

was tested by miniaturized assay in microtitre plates (Parente et al., 2001). One 

milliliter of a filter-sterilized 100 g/l solution of sugar was added to 9 ml of basal 

medium (MRS without glucose and meat extract and with 0.16 g/ l bromocresol 

purple, pH 7.0), which was dispensed (180 µl) in the wells of a microtitre plate. 

The cell suspension (20 ul) was used to inoculate the microtitre plates, which 

were incubated in anaerobiosis for 48 h at 30°C and the results were recorded.   

3.1.8.2Biochemical and enzymatic tests 

  Pure culture isolates of lactobacilli were examined biochemically 

according to the methods described by Cappuccino and Sherman (1996).  
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i. Hydrogen sulphide production test 

The production of hydrogen sulphide by microorganisms was determined 

in the medium containing sulphur compounds. Bacteria were grown in peptone 

water or in any other medium containing sulphur compounds as described 

below.  

SIM agar 

Peptone                  30.0 g 

Beef extract         3.0 g 

Ferrous Ammonium sulfate     0.2 g 

Sodium thiosulfate               0.025 g  

Agar          0.3 g 

Distilled water             1000.0 ml 

  
After dissolving all the ingredients in distilled water, pH was adjusted to 

7.3. The medium was autoclaved at 121°C for 15 min and cooled to 45°C. Agar 

stab tubes were made. Ferrous ammonium sulfate in the medium served as an 

indicator by combining with gas, forming an insoluble black ferrous sulphide 

precipitate that was seen along the line of stab inoculated and indicating H2S 

production. Results were recorded. 
 

 

ii. Nitrate reduction test           

The nitrate reduction test was conducted to determine the ability of 

organism to reduce nitrates to nitrites. Test tubes of nitrate broth were inoculated 

with culture isolates and incubated at 31°C for 24 h. The medium nitrate broth 

was comprised of nutrient broth and 5g KNO3 or NaNO3. The presence of cherry 

red color indicated the positive test. Results were recorded as change in color. 
 

iii. Arginine hydrolysis test 

This test was used to detect the production of arginine dehydrolase. 
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Arginine tetrazolium agar 

Trypton         5.0 g 

Yeast extract          5.0 g 

Dipotassium hydrogen phosphate    2.0 g 

L- arginine monohydrochloride     3.0 g 

Glucose          0.5 g 

Distilled water                                           1000.0 ml 

All ingredients were dissolved by heating and pH was adjusted to 7.0. 10 

ml of medium was dispensed in test tubes and autoclaved at 115°C for 10 min. 

Cultures were inoculated in arginine broth and incubated at 31°C for 48 h. Few 

drops of Nessler’s reagent were added.  Brown color indicated the hydrolysis. 

Nessler reagent  

KOH        15.95 g 

KI          5.60 g 

Mercuric iodide        7.50 g 

Distilled water    70.95 ml  

iv. Catalase Test  

 The catalase test was used to detect production of catalase by the culture 

isolates. One drop of 3% hydrogen peroxide was added to a colony on agar plate. 

Results were recorded by the production of bubbling on colonies. 

 
3.1.8.4 Growth of culture isolates at different temperatures of incubation 

The growth behavior of culture isolates was observed at different 

temperatures to differentiate between mesophilic and thermophilic organisms. 

Inoculation of pure culture isolates was made in MRS broth and incubation was 

done at 15°C and 45°C for 48 hrs. After incubation, broth media were examined 

for growth and results were recorded. 
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3.1.8.5 Growth of culture isolates at different NaCl concentrations in medium 

            The tolerance of culture isolates against different NaCl concentrations was 

recorded by inoculating the pure culture isolates in MRS broth having 2.0%, 4.0% 

and 6.5 % (w/v) sodium chloride. After 48 h of incubation at 37°C, broth media 

were examined for growth and results were recorded. 

 

3.1.8.6 Identification and characterization by using Analytical Profile Index 

(API) system 

 The fermentation pattern among carbohydrates was determined by using 

the API 50 CH gallery with the API 50 CHL medium (BioMerieux, France). 

Anaerobiosis in the inoculated tubes was obtained by overlaying with sterile 

paraffin oil. The inoculated galleries were incubated at 30°C and the observations 

were recorded after 24 and 48 h. The identification of the isolates was facilitated 

by the use of a computer programme, APILAB PLUS, version 3.2.2. (Bio Merieux) 

and following the method of Bergey’s Manual of Systematic Bacteriology (Sneath 

et al., 1986) and Wood and Holzapfel (1995). 

 
3.1.9    Maintenance of pure culture isolates 

            The pure suspensions of lactobacilli were maintained in MRS broth 

containing 10% glycerol at -80 oC and were subcultured every 6 months (Samelis 

et al., 1994). 

 

3.1.10  Evaluation of leavening activity 

To evaluate and compare the leavening activity of isolates and baker’s 

yeast in lean dough (without addition of sugars), the dough samples were 

prepared by mixing 20 g flour, 15 ml water and 0.7 g of isolates or baker’s yeast 

(on dry weight basis) in 100 ml volumetric cylinders. Maximum leavening rate 

(ml/h) at 30°C, was calculated from the highest volume reached in 120 min, 



 45

divided by the time at which that volume was first recorded (Caballero et al., 

1995). 

 
3.1.11   Determination of metabolic properties of LAB strains 

 The proteolytic activity of the strains was tested by measuring 

absorbances in 10% skim milk at 650 nm with a spectrophotometer (IRMECO-

U2020, Germany) at the end of incubation at 30°C for 42 h. The results were 

expressed as mg/ml tyrosine by means of a calibration line. Amylolytic activities 

of the strains were determined as their ability to utilize starch. In this method, 

API 50 CHL medium was modified by starch addition. After incubation of 

strains in this medium, the level of amylolytic activity was determined by a 

change in pH, expressed as the transformation of color from violet to red (Aslim, 

1994). 

 
3.1.12  Preservation of pure culture 

            The samples were firrst frozen at -80°C in a deep-freezer and then 

desiccated under vacuum (6.7 Pa) in the freeze-drier (Martin Christ Alpha 1-4) 

for 24 hours (Castro et al., 1995). 

 
3.2 Preparation of sourdough 
3.2.1 Procurement of flour 

            The white wheat flour was procured from the local market. 

 
3.2.2 Physicochemical analysis of flour 

            The white flour was analyzed for moisture, crude protein and ash content 

according to their respective standard methods described in AACC (2000). 

 
3.2.2.1 Moisture 

The moisture content of flour was determined according to method No. 

44-15 A of (AACC, 2000). 5 g sample of flour was taken in tarred crucible and 



 46

dried in a hot air oven (Memmert Model 200) at 100 ± 5 ºC till to a constant 

weight. The moisture content was calculated by the formula given below. 

  weight of original sample - weight of dried sample        

         Moisture %       =             × 100 
                                                                  weight of original sample 
 
3.2.2.2 Crude Protein 

The crude protein was determined by the Kjeldahl’s method as described 

in method No. 46-10 of (AACC 2000). This is based on the fact that on digestion 

with concentrated sulphuric acid and catalysts, organic compounds are oxidized 

and the nitrogen is converted to ammonium sulphate. Upon making the reaction 

mixture alkaline, ammonia is liberated, removed by steam distillation, collected 

and titrated. 
 

Procedure 

The nitrogen content of samples was determined by using micro 

Kjeldahl’s method. The sample was first digested in digestion flask with H2SO4 

in the presence of a digestion mixture for 3-4 hours till the contents of digestion 

flask get transparent color. The samples were then diluted with distilled water 

up to 250 ml in a volumetric flask. The ammonia from the samples trapped in 

H2SO4 was liberated through distillation after adding 40% NaOH solution and 

collected in a flask containing 4 % boric acid solution using methyl red as an 

indicator. The nitrogen content in the samples was determined by titrating 

against standard 0.1N H2SO4 solution and the crude protein percentage was 

calculated by using following formula 

                         0.0014 × Vol. of 0.1N H2SO4× 250 ml      
N%         =                 ×   100 
                          Volume of diluted sample × weight of original sample                             
 

Protein% was then calculated by multiplying N% with factor 6.25.  
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3.2.2.3 Ash Content 

The ash content was determined as a total inorganic matter by 

incineration of the samples at 600 ºC according to method No. 08-01 of (AACC 

2000).  Remaining inorganic materials are reduced to their most stable form, 

oxides or sulphates and are considered as ‘ash’.  

 
Procedure 

Oven dried 5 g sample was taken in a pre-weighed crucible and charred 

on the burner. Then it was ignited in the muffle furnace at 550-600 ºC for 5-6 

hours or till constant weight of grayish ash was obtained. The ash of sample was 

calculated through following formula. 

    Weight of ash 
               Ash%          =                             ×     100 
                                              Weight of sample      

 
3.2.3   Inoculum preparation 

           The starter cultures of pure bacterial strains of the genus Lactobacillus i.e. L. 

brevis, L. fermentum, (heterofermentative) and L. plantarum, (homofermentative), 

previously isolated from spontaneously fermented wheat sourdoughs, were 

used. Actively growing single cultures of lactic acid bacteria were inoculated 

(inoculum level 1.0% v/v) into Erlenmeyer flasks containing 100ml of MRS 

broth, and inoculated for 24h at 30°C. Biomass was collected by centrifugation 

(5000 × g, 15 min, 4 °C) and resuspended into 50 ml of sterile saline. This cell 

suspension that contained 108 CFU/ml of lactic acid bacteria, was used as starter 

culture in sourdough preparation.  

 
 

3.2.4    Sourdough Preparation  

            White wheat flour for traditional bread making, was used. The main 

characteristics of the flour were moisture 12.6 %, protein 10.2 % and ash content 

0.60 %. A sponge was prepared from flour (200 g), water (200 ml) and starter 
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culture was added (to give CFU of 108 bacteria per gram of dough). This was 

mixed thoroughly and incubated for 20 h at 30 °C. The sourdough was prepared 

from flour (200 g), water (200 ml) and fermented sponge (70 g), incubated for 24 

h at 30 °C. 

Sourdoughs were prepared from each starter culture using the same 

conditions as mentioned above and incorporated at 20 g/100 g level (base flour) 

in corresponding bread dough. Leavening was ensured by addition of a small 

amount of baker’s yeast (0.2g/100g) during the bread dough preparation. The 

bread dough containing baker’s yeast alone in the same amount was included in 

the test series as a control. Acidification (pH, TTA), organic acids (acetic and 

lactic acids) and cell numbers were monitored in sourdoughs during 

fermentation period.  

 

Table 3.1.  Treatment plan for the preparation of sourdoughs 

Tretments Starter cultures Fermentation time (Hrs) 

T1 Saccharomyces cerevisiae (control) 12 

T2 Saccharomyces cerevisiae (control) 18 

T3 Saccharomyces cerevisiae (control) 24 

T4 Lactobacillus brevis 12 

T5 Lactobacillus brevis 18 

T6 Lactobacillus brevis 24 

T7 Lactobacillus fermentum 12 

T8 Lactobacillus fermentum 18 

T9 Lactobacillus fermentum 24 

T10 Lactobacillus plantarum 12 

T11 Lactobacillus plantarum 18 

T12 Lactobacillus plantarum 24 
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3.2.5      Analysis of sourdough 

3.2.5.1   pH and TTA 

 10 g of sample was blended with 100 ml of distilled water. The pH was 

recorded using pH-meter (inoLab pH 720). TTA was determined by titrating this 

suspension against 0.1 N NaOH to a final value of pH 8.5. TTA was expressed as 

the amount of NaOH used (mL) (Pyler, 1988).  

 
3.2.5.2    Organic acids and sugars 

10 g of sample was homogenized with 90mL distilled water. Five 

millilitre of 1 mol/L HClO4 solution was added to a 10mL aliquot of the 

homogenate. The mixture was centrifuged for 15 min at 4000 × g at 15°C, the 

supernatant was neutralized (pH 7.0 ± 0.1) with 2 mol/L KOH and the volume 

was adjusted to 25mL with distilled water. After 30 minutes precipitation on ice, 

the solution was filtered on 0.45 mm cellulose filter (Millipore) (Bervas, 1991). 

Organic acids were determined through HPLC (Perkin Elmer 200 series) under 

the following conditions: mobile phase H2SO4 (0.05 N), flow rate 0.3 mL/min. 

(Hamad et al., 1992). Sugars were determined by a HPLC unit (SHIMADZU LC-

AT10 VP) under the following conditions: mobile phase H2SO4 (0.001 N), flow 

rate 0.7 mL/min (Bervas, 1991).  

 
 3.2.5.4   Essential amino acids profile 

   In test tubes 0.1g of samples were taken and 10mL of 6N HCl was added 

to each tube. The test tubes were evacuated by nitrogen, sealed and placed in 

oven at 110°C for 22 hours. After specified time test tubes were allowed to cool at 

room temperature and hydrolysate so formed was evaporated under vacuum at 

60°C to remove excess HCl. The hydrolysates were dissolved in 5 ml of 6N HCl, 

centrifuged at 1000 rpm and filtered to remove the visible sediments. A known 

volume (20 uL) of the supernatant was injected into amino acid analyzer for the 

estimation of amino acid profile of each sample. Amino acids were quantified by 

liquid chromatography following the method given by Dong and Gant (1985). 
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The column was an amino acid analyzer (L-8500 A, Hitachi) with a column oven 

temperature of 63°C, flow rate was 0.4 ml/min and detection was made using a 

fluorescence detector.  

 
3.2.5.5   Volatile compounds 

   Headspace analysis of volatiles in breadcrumb samples was carried out 

by GC–MS. A solid phase micro-extraction (SPME) sampling method was used 

(DVB/CAR/PDMS fibre). Specifically, 0.25 g of sample and 10 ml of a 20% (w/v) 

NaCl solution were transferred into a 20 ml sealed glass vial and the content was 

stirred for 5.5 minutes at a temperature of 50°C. The fibre was then exposed to 

the headspace for 60 min. Desorption of volatiles took place in the injector port of 

the GC in splitless mode at 230°C for 70 min. Separation of volatiles was 

performed on a Gas Chromatograph (GC 6890 Agilent, USA) (SUPELCO WAX-

10 column), connected with a Mass Spectrometer (MS 5973N Agilent, USA) (70 

eV ionization energy; 29–400 m/z mass range). Helium was used as carrier gas (2 

ml/ min). Oven temperature was programmed at 35 °C for 5 min, and then it 

was raised to 60, 200, and 250°C at rates of 2.0, 5.0 and 25.0°C /min, respectively. 

Identification was done by comparison of retention times and MS data with those 

of standard compounds and data obtained from NIST libraries (Mallouchos et al., 

2002). 

 
3.3 Preparation of bread 

The bread-baking potential was estimated for each sample by the AACC 

(2000) sponge dough method 10-11. Final bread dough formulation was: 1000 g 

of flour, 640 g tap water, 200 g sourdough prepared as described above, 2 g of 

compressed baker’s yeast and 44 g salt. The ingredients were mixed for 5 min in 

a Hobart A-200 Mixer to form dough and allowed to ferment at 86°F (30°C) and 

75% R.H. for 180 minutes. The dough was molded and panned into 100 g test 
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pans, and final proofing was done for 45 minutes at 95°F (35°C) and 85% R.H. 

The bread was baked at 450°F (232°C) for 25 minutes. 

 
3.3.1 Analysis of bread 

3.3.1.1   pH and TTA            

  An amount of 10 g of breadcrumb and 100 ml of distilled water were 

placed in a clean dry container, which was sealed and stirred until the bread 

dispersed into a semi-liquid mixture. The pH was recorded using a Inolab pH-

meter. Then, an amount of 0.11 N NaOH solution was added until the pH was 

fixed at 6.6. The total titratable acidity (TTA) was determined by the consumed 

ml of NaOH, as mg of lactic acid per g of sample (Pyler, 1988). 

 
3.3.1.2   Loaf volume 

              The loaf volumes, after cooling for 15 min, were measured using the 

rapeseed displacement method. Each loaf was put in a container and covered 

with rapeseed to totally fill the container. Then the loaf was removed and the 

volume of the rapeseed was recorded by the method given in AACC (2000). 

 

3.3.1.3   Shelf life of sourdough bread 

              The breads prepared from sourdough were stored at room temperature 

and were evaluated for their shelf life by monitoring the moisture content and 

microbial growth according to the method as described in AACC (2000).  

 
3.3.1.4   Sensory evaluation 

  Sensory characteristics of the bread samples were assessed by a panel of 

researchers at the National Institute of Food Science and Technology, University 

of Agriculture, Faisalabad. The panelists were asked to rate the bread samples for 

external properties (volume, crust color, shape, crust properties) and internal 

properties (crumb color, taste, flavor, texture, pore size, chewing properties). The 
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external and internal characteristics were evaluated over 30 and 70 total points, 

respectively (Land and Shepherd, 1988).  

 
3.4       Statistical Analysis 

             The samples for each parameter were run in triplicate and the data 

obtained was subjected to statistical analysis using Cohart.V.6.1 (Costat, 2003). 

Two factor factorial design was applied and level of significance was 

determined. Means were further compared through Duncan’s multiple range test 

(DMRt) following the procedures as described by Steel et al. (1997). 
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CHAPTER-IV 

RESULTS AND DISCUSSION  

 

The present study was conducted to isolate and utilize the 

starter culture for the production of sourdough bread. The study 

was divided into two parts. In the first part the starter cultures 

(Lactobacillus brevis, Lactobacillus fermentum and Lactobacillus 

plantarum) were isolated from the laboratory fermented sourdough. 

The starter cultures were further characterized morphologically, 

physiologically and biochemically. The second part of the study 

consists of the utilization of indigenously isolated starter cultures in 

the production of sourdough bread for assessing the suitability of 

best starter culture in the product.  

The results obtained during the course of these studies are 

presented here in after: 

4.1.   Microbiological characteristics of sourdough samples 

The microbiological composition of the laboratory fermented 

sourdough samples given in Table 4.1 revealed that the total aerobic 

mesophilic bacteria (TAMB) count ranged between 7.07×105 to 6.89×109, the 

lactic acid bacteria (LAB) 6.24×104 to 6.92×107, the yeast 6.35×103 to 7.95×107 and 

coliform 3.47×101 to 1.67×104. The results obtained in the present study are in 

close agreement with those reported for sourdoughs by Gobbetti (1998). 

The sourdoughs are ecosystems where fundamental interactions 

between LAB and yeasts take place.  The predominant organisms are LAB 
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containing significant numbers of yeast cells (Vogel et al., 1999). LAB are 

mainly responsible for the acidification of the sourdough, whereas the 

sourdough yeasts are very important for the production of flavor compounds 

and for a well balanced flavor 
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Table 4.1. Microbiological characteristics of laboratory fermented sourdoughs     
(CFU/g) 

 
Samples TAMB LAB Yeast Coliform 

S1 7.07×105 6.24×104 6.35×103 1.22×102 

S2 6.36×106 5.67×106 7.64×104 3.47×10 

S3 8.14×105 7.08×105 7.83×104 2.90×103 

S4 8.03×107 7.15×106 8.41×103 6.35×10 

S5 9.25×105 8.36×105 8.01×103 1.06×103 

S6 7.72×106 6.20×106 5.27×107 1.15×102 

S7 5.88×106 5.03×105 7.95×104 2.44×103 

S8 7.61×108 7.00×106 6.44×105 2.09×101 

S9 6.77×107 5.41×106 6.35×107 4.53×102 

S10 8.44×108 5.67×106 7.64×106 1.67×104 

S11 8.25×107 7.08×105 7.83×106 3.87×103 

S12 6.89×109 6.92×107 8.41×106 1.58×102 

S13 7.64×107 6.22×106 8.01×105 2.39×102 

S14 9.01×107 6.05×106 5.27×107 2.95×102 

S15 7.55×107 5.03×107 7.95×107 3.62×101 

TAMB = Total aerobic mesophillic bacteria 
LAB  = Lactic acid bacteria 
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in combination with the acids. A sponge should contain metabolically active 
lactic acid bacteria at 108-109 CFU/g and yeasts at 106-107 CFU/g, primarily 

responsible for acidification and leavening action of the dough, respectively. 
However, the LAB may either originate from natural flour contaminant, a 
fermented dairy product or from a commercial starter culture containing 

characterized strains of LAB produced through batch fermentation (Vuyst and 
Neysens, 2005). The present study suggested that the sourdoughs tested in the 
study were contaminated with LAB and yeasts. It is obvious from the results 

that most of the samples contained LAB and yeast cells within the range 
reported by Vuyst and Neysens (2005). 

 

4.2.   Identification of isolates of lactic acid bacteria 

The presumptive lactobacilli were randomly isolated from the nutrient 

agar and acetate agar plates and divided into three groups based on their several 

morphological and physiological characters (Table 4.2). Lactobacilli showed a 

characteristic cell morphology appearing as a combination of thin, short and long 

rods in pairs or short chains. Colonies on MRS (deMan Rogosa Sharpe) agar were 

irregular, white and rough, sometime possessing a raised centre (Table 4.3). The 

isolates were also characterized through different enzymatic and biochemical 

tests (Table 4.4). Within lactobacilli, group I and II which contained the largest 

number of isolates showed growth at 15°C and did not show any growth at 45 °C 

but differed for CO2 production from glucose and NH3 production from arginine. 

The group III did not show growth at 15°C but at 45°C and produced CO2 from 

glucose and NH3 from arginine (Table 4.5). The presumptive isolates belonging 

to the above groups were further characterized using the API 50 CHL system. 

Sugar fermentation profiles in the API 50 CH (Table 4.6) supported that the 

isolates could be assigned to three groups corresponding to individual species.   

The isolates exhibited lower leavening rate as compared to yeast culture and 

maximum   proteolytic   activity   was   found  for  Lb.  brevis  while  Lb. plantarum  



 57

Table 4.2. Morphological and cultural characteristics of LAB isolates from 
                   sourdoughs 

 
Sample 
No. 

Growth on 
nutrient agar 
plates 

Morphological and 
cultural 
characteristics 

Growth on 
acetate agar 
plates 

Morphological 
and cultural 
characteristics 

S1 White, large, 
irregular 

G +ve, rods and 
cocci 

White, smooth G +ve, Short 
rods 

S2 Yellow, 
circular 

G +ve, cocci in 
pairs and rods 

Off white, 
circular 

G +ve, Cocco-
bacilli 

S3 White, 
smooth, 
circular 

G +ve, cocci and 
short chain 

White, pinpoint G +ve, rods in 
chains 

S4 White, 
pinpoint 

G +ve, cocci and 
short rods 

White, pinpoint G +ve, long 
rods 

S5 White, 
smooth, small 

G +ve, cocci Yellow, 
pinpoint 

G +ve, rods 

S6 Yellow, 
circular, 
smooth 

G +ve, short chain 
and pairs 

White, smooth G +ve, ovoid 

S7 Brown, 
irregular 

G +ve, long rods Creamy white, 
rough 

G +ve, short 
and long rods 

S8 White, 
irregular 

G +ve,  rods White, yellow, 
pinpoint 

G +ve, rods, 
cocci 

S9 White, 
pinpoint 

G +ve, cocci and 
short rods 

White, pinpoint G +ve, short 
rods in chains 

S10 Yellow, 
circular, 
smooth 

G +ve, short chain 
and pairs 

White, irregular G +ve, Cocco-
bacilli 

S11 White, 
smooth, small 

G +ve, cocci Yellow, 
pinpoint 

G +ve, rods 

S12 White, 
irregular 

G +ve, rods White, yellow, 
pinpoint 

G +ve, rods 

G +ve = Gram Positive 
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Table 4.3. Morphological and cultural characteristics of lactobacilli isolates 
from sourdoughs (Rogosa agar and MRS agar) 

 
LAB Growth on 

Rrogosa agar 
plates 

Morphological 
and cultural 
characteristics 

Growth on 
MRS agar 
plates 

Morphological 
and cultural 
characteristics 

Lb. brevis Yellow, 
circular, 
smooth 

G +ve,  rods in 
chains 

Yellow, 
entire, 
pinpoint 

G +ve, rods in 
pairs and chains 

Lb. plantarum Yellow, 
spherical, 
pinpoint 

G +ve, long 
rods 

Yellow, 
small, 
pinpoint 

G +ve, long rods 

Lb. fermentum White, 
circular, 
smooth 

G +ve, short 
rods 

White, 
small, 
smooth, 
pinpoint 

G +ve, short rods  

MRS = deMan Rogosa Sharpe 

 
Table 4.4. Enzymatic and biochemical tests of isolates 
 

Tests Results Observations from lactic acid bacteria 

L.brevis L.plantarum L.fermentum 

Catalase Bubbling - - - 
Arginine 
hydrolysis 

Brown color + - + 

Nitrate 
reduction 

Change in 
color 

- - - 

H2S 
production 

Black ppt - - - 

+ = Positive reaction 
-  = Negative reaction 
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Table 4.5. Characterization of lactobacilli isolates from sourdoughs 

Group I II III 

Sub group A                         B C                          D E 
No. of isolates 17                        13 7                          9 6 
CO2  from glucose 
NH3 from arginine 
Growth at 5°C 
Growth at 15°C 
Growth at 45°C 
Growth in 2% NaCl 
Growth in 4% NaCl 
Growth in 6.5% NaCl 
Sugar fermentation: 
Arabinose 
Cellobiose 
Esculin 
Galactose 
Maltose 
Mannose 
Melizitoze 
Melibiose 
Raffinose 
Ribose 
Saccharose 
Trehalose 
Xylose 
Fructose 
Glucose 
Lactose 
Rhamnose 
Amygdaline 

+                          + 
 +                   80(10) 
-                           - 
75(25)                  + 
-                           - 
+                          + 
35(60)                  - 
-                           - 

 
+                          + 
-                           - 
d                          - 
88                        + 
+                          + 
-                           - 
-                           - 
+                          + 
d                          + 
+                          + 
+                          d 
-                         56 
46                        d 
+                          + 
+                          + 
-                           - 
-                           - 
-                           - 

-                           - 
-                           - 
-                           - 
+                          + 
-                           - 
+                          + 
+                          + 
-                           - 

 
92                        d 
+                          + 
+                          + 
+                          + 
+                          + 
+                          + 
d                          + 
+                          + 
+                   65(15)     
+                          + 
+                          + 
+                          + 
-                           d 
+                          + 
+                          + 
+                          + 
d                          d 
+                          + 

+ 
+ 
- 
- 
+ 
+ 
+ 

(45) 
 

d 
27 
- 
+ 
+ 
d 
- 
+ 
+ 
+ 
+ 
d 
d 
+ 
+ 
+ 
- 
- 

Symbols: +, positive reaction; -, negative reaction; d, weak reaction; 80(10), 80%    
strains positive, 10% strains weakly positive   
 
 

 

 

 



 60

Table 4.6.   Fermentation of carbohydrates by the isolates tested by API 50 CH 
gallery 

 

API = Analytical Profile Index 
Symbols: +, positive reaction; -, negative reaction; d, weak reaction; 80(10), 80%    
strains positive, 10% strains weakly positive   

Group                   I                   II  III 
Sub group A                             B C                                D   E 
L-arabinose 
Cellobiose 
Esculin 
Galactose 
Lactose 
D-mannose 
Melizitoze 
Melibiose 
D-raffinose 
Saccharose 
Trehalose 
D-xylose 
Rhamnose 
Manitol 
Sorbitol 
Glycerol 
Amygdaline 
Salicin 
Arbutin 
Inulin 
a-Methyl-D-glucoside 
N-Acetyl glucosamine 
β-Gentibiose 
D-Turanose 
D-Arabitol 
5-keto-gluconate 
 

+                             + 
-                              - 
-                              - 
+                             + 
-                              - 
-                              - 
-                              - 
+                             + 
68                           +         
+                             + 
-                             82      
+                            74 
-                              - 
-                              - 
-                              - 
-                              - 
-                              - 
-                              - 
+                             + 
-                              - 
+                             + 
+                             +  
-                              - 
-                              - 
-                              - 
+                             + 

+                                 - 
+                                 + 
+                                 + 
+                                 + 
+                                 +  
+                                 + 
+                                 + 
+                                 + 
+                                 + 
+                                 + 
+                                 + 
-                                  - 
62                               d 
+                                 + 
+                                 + 
-                                  - 
+                                 + 
+                                 +  
+                                 + 
-                                  - 
+                                 + 
+                                 + 
+                                 + 
+                                 + 
+                                 + 
-                                  - 
 

  d 
  + 
  - 
  + 
  + 
  - 
  - 
  + 
  + 
  + 
  - 
 36 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
  - 
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showed the highest amylolytic activity. In  general,  all  the  strains  fermented  

glucose,  fructose,  maltose,  ribose  and gluconate. None of these fermented 

erythritol, D-arabinose, L-xylose, adonitol, β-methyl-xyloside, L-sorbose, 

dulcitol, inositol, starch, glycogen, xylitol, D-xylose, D-tagatose, D-fucose, L-

fucose, L-arabitol and 2-keto-gluconate (Table 4.6). According to the species 

description reported by Spicher and Schroder (1978), Kandler and Weiss (1986), 

Hammes and Vogel (1995), 46% of the isolates were identified as Lactobacillus 

(Lb.) brevis (belonging to group I), 24% as Lb.  plantarum (belonging to group II) 

and 8 % as Lb. fermentum (belonging to group III).  

The results of the present study are in line with those of Gobbetti et al. 

(1994) who isolated Lb. brevis (49%), Lb. plantarum (21%) and smaller percentages 

of Lb. fermentum with an overall percentage of heterofermentative isolates of 58% 

as compared to 54% found in our study. The results of the present study are also in 

concordance with the several Italian (Gobbetti et al., 1994; Ottogalli et al., 1996), 
German (Spicher, 1987), Spanish (Barber et al., 1983) and French (Infantes and Tourner, 
1991) sourdoughs which contained the associations of hetero and homofermentative 
strains. 

The results of the present study are in contrary to the findings of Corsetti et 

al. (2001) who reported that the sourdoughs consisted of either only one species 

or a very complex association of several species belonging to only one metabolic 

class. Similarly Wood and Holzapfel (1995) reported that the Lb. brevis and Lb. 

fermentum were the dominating microorganisms in fermenting plant material 

and sourdoughs. The differences might be due to variation of the species present 

in the raw material used in both studies. 

 

4.3.   Identification of yeasts 
After a preliminary morphological screening, 19 yeast isolates (about 25% 

of the total) were selected and examined through the API 20 C AUX system. The 

results indicated that 17 of the 19 isolates corresponded to Saccharomyces (S.) 

cerevisiae which were in agreement with several taxonomic studies (Barnett et al., 

1990; Kreger-van Rij, 1984) and largely confirmed by other reports (Spicher, 1983; 
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Gobbetti et al., 1994; Gobbetti, 1998). The S. cerevisiae strains showed a common 

identification profile. The other two isolates could not be identified. A large 

number of S. cerevisiae isolates is certainly related to the addition of baker’s yeast 

to the sourdoughs. 
 

4.4.   Commercial wheat flour composition 
The wheat flour was chemically analyzed. The analysis showed that the 

flour contained moisture, total ash, crude protein, crude fat, crude fiber and NFE 

12.56%, 0.60%, 9.65%, 1.4%, 0.64% and 74.30%, respectively (Table 4.7).  

The results obtained in the present study for the analysis of wheat flour 

are in close agreement with Anjum et al., (2002) who analyzed different wheat 

varieties and observed 12.5 to 14.6 percent moisture, 8.23 to 12.71 percent 

protein, 1.17 to 1.59 percent fat, 0.42 to 0.76 percent fiber and 0.42 to 0.66 percent 

ash content. Butt et al., (2001) also analyzed new wheat varieties for their 

proximate composition and found that values ranged from 12.49 to 13.27 percent 

for moisture, 10.84 to 11.98 percent for protein, 0.68 to 0.96 percent for fiber and 

0.40 to 0.58 percent total ash.  
 

4.5.   pH of sourdoughs  
The results pertaining to the analysis of variance for pH of sourdoughs 

prepared from different starter cultures are presented in Table 4.8. The statistical 

results indicated that pH of the sourdoughs differed significantly (P<0.01) by the 

differences in the starter cultures and fermentation times as well as interaction 

between these two variables.  

 The results given in Table 4.9 indicated that pH of sourdoughs ranged 

from 3.53 to 5.74 among the treatments during different fermentation time. The 

pH did not vary significantly among three starter cultures and significantly 

maximum reduction in pH was observed in these starter cultures as a function of 

fermentation time.  The fermentation time showed a significant impact on pH 

exhibiting  a  decreasing  trend.  Minimum  pH  was  recorded  after  24  hours  of  
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Table 4.7.  Composition of commercial wheat flour 

 

Characteristics Percent  

Moisture 12.87 

Crude protein 10.34 

Ash 0.60 

Crude fiber 0.65 

Crude fat 1.44 

NFE 74.10 
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Table 4.8.   Analysis of variance for pH of sourdoughs  

 

SOV df SS MSS F-Cal 

Cultures (A) 3 29.2353 9.745 260.776** 

Time (B) 2 1.50729 0.754 20.167** 

A x B 6 2.03018 0.338 9.055** 

Error 24 0.89687 0.037  

Total  35 33.670   

** Highly Significant (P < 0.01)      

 

Table 4.9.   Effect of starter cultures and fermentation time on pH of 
                     sourdoughs 
 

Cultures  
pH  

12 Hrs 18 Hrs 24 Hrs Mean 

Control  5.74a 5.61b 5.32c 5.56a 

St-I 4.06de 3.75efg 3.60fg 3.80b 

St-II 4.12d 3.80defg 3.53g 3.82b 

St-III 3.94def 3.77defg 3.71efg 3.81b 

Mean 4.47a 4.48a 4.04b  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum
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fermentation time while maximum was observed after 12 hours of fermentation 

time. Starter cultures and fermentation time interactively produced significant 

results. The pH decreased as a function of time in all starter cultures and 

maximum pH dropped in St-II (Lactobacillus fermentum) after 24 hours of 

fermentation time, followed by St-I (Lactobacillus brevis) at 24 hours fermentation 

while least drop in pH was recorded in the control starter culture. The results are 

in close agreement to the findings of Wehrle and Arendt (1998) and Thiele et al. 

(2002) who studied the wheat sourdoughs and found that the pH ranged from 

3.5-4.3 as observed in the present study. 

 The pH of the bread dough will vary depending on the rate of addition of 

sourdough. The acidification of the sourdough and the partial acidification of the 

bread dough will affect structure-forming components like gluten, starch and 

arabinoxylans. The swelling of gluten in acid is a well-known effect and mild 

acid hydrolysis of starch in sourdough systems has also been hypothesized 

(Barber et al., 1992). Acids strongly influence the mixing behavior of doughs 

whereby doughs with lower pH values require a slightly shorter mixing time 

and have less stability than normal doughs (Hoseney, 1994). Since all the starter 

cultures showed same behavior during fermentation, therefore these can be used 

in sourdoughs. 

 
4.6.    Total titratable acidity (TTA) of sourdoughs 

The results for the total titratable acidity (TTA) of sourdoughs prepared 

from different starters (Table 4.10) showed that the starter cultures and 

fermentation time as well as the interaction between starter cultures and 

fermentation time exhibited significant effect on this chemical constituent. 

The starter-I (Lactobacillus brevis) possessed significantly the highest      

TTA   (9.47),  followed   in  St-III  (Lactobacillus plantarum)  and  St-II  (Lactobacillus  

fermentum)   which  contained   TTA  8.83   and   8.10,   respectively.   The  control 
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Table 4.10.   Analysis of variance for TTA of sourdoughs  

 

SOV df SS MSS F cal 

Cultures (A) 3 265.108 88.369 768.201** 

Time  (B) 2 15.005 7.503 65.220** 

AB 6 2.875 0.479 4.165* 

Error 24 2.76081 0.115  

Total  35 285.748   

** Highly Significant (P < 0.01) 
* Significant (P < 0.05) 
 
 
Table 4.11.  Effect of starter cultures and fermentation time on TTA of        

sourdoughs 
 

 Cultures  
TTA  

12 Hrs 18 Hrs 24 Hrs Mean 

Control  2.40g 2.60g 2.90g 2.63d 

St-I 8.20de 9.90ab 10.30a 9.47a 

St-II 7.00f 8.50cde 8.80cd 8.10c 

St-III 7.90e 9.00c 9.60b 8.83b 

Mean 6.38c 7.50b 7.90a  
Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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 (Saccharomyces cerevisiae) samples showed significantly the lowest content of 

TTA. 

There was a significant increase in TTA as a function of fermentation time. 

The TTA was found significantly the highest at 24 hours of fermentation time in 

all starter cultures. The fermentation carried out for 12 hours and 18 hours did 

not show significant effect on TTA. The interaction between the starter cultures 

and fermentation time showed maximum TTA (10.30) produced by starter 

culture-I after 24 hours of fermentation time followed by same culture at 18 

hours fermentation time (9.90). However, the control sample yielded 

significantly the lowest TTA. The results of this study are found within the 

ranges given by Katina (2004) who studied the wheat sourdoughs produced by 

different starters, flour types and fermentation conditions and found the TTA 

values ranging from 1.4 to 19.1. The TTA depends on the flour employed: as the 

lactobacilli acidify to pH 3.6, flours with high buffering capacity (amount of acid 

required to lower the pH), e.g. whole flours, have a higher TTA than white flours 

with a low buffering capacity.  

Since in the present study straight grade flour was used, this produced 

lower TTA than wholemeal and low-grade flour. The results of the present study 

are in concordance with the Hansen and Hansen (1993) who suggested that the 

starter cultures had an effect on TTA but this effect was small as compared to the 

effect of flour type. They also reported that the TTA in sourdoughs made from 

low-grade and wholemeal flour was double than in sourdoughs made from the 

staraight-grade flour. The present study suggested that starter cultures produced 

significantly more acid as compared to the control in which S. cerevisiae was 

used. It may be conclude that the starter cultures used in the present study have 

the ability to produce more acids as compared to the control. More acidification 

of sourdough may help to produce more acids in end product.  
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4.7.    Lactic acid content of sourdoughs  

The results pertaining to the analysis of variance for lactic acid content of 

sourdoughs prepared from different starter cultures are presented in Table 4.12. 

The statistical results indicated that the lactic acid content of the sourdoughs 

differed significantly (P<0.01) among starter cultures as well as fermentation 

time. The interaction between starter cultures and fermentation time also showed 

significant effect on lactic acid. 

The lactic acid content was not produced in the control sourdough and 

among other starter cultures the lactic acid ranged between 0.25 to 0.51 g/100g 

during different fermentation times. The sourdoughs prepared from St-III (Lb. 

plantarum) yielded significantly the highest lactic acid content (0.47 g/100g) 

followed by the sourdoughs produced from St-I (Lb. brevis) and St-II (Lb. 

fermentum) but the latter two were at par with respect to lactic acid production. 

The production of lactic acid increased significantly by increasing the 

fermentation time. The lactic acid was recorded significantly the highest after 24 

hours of fermentation time. The lowest lactic acid was produced when 

sourdoughs were subjected to 12 hours of fermentation time. The control 

sourdough containing yeasted preferment failed to produce lactic acid content. 

The interaction between the starter cultures and fermentation time showed 

significantly maximum lactic acid (0.51 g/100g) production by the starter 

culture-1 after 24 hours of fermentation time followed by same culture after 18 

hours fermentation time (0.48 g/100g). The lactic acid content found in the 

sourdoughs is similar to the study reported by Robert et al. (2005) who found the 

acidification properties, metabolic activity and technological performance of the 

wheat sourdough bread produced by using the freeze dried starters and found 

that lactic acid production was in the range of 0.30-0.55 g/100g. The results of the 

present study showed the ability of the identified starter cultures to produce 

lactic acid which is very important characteristic in relation to the specific 

characteristics of the sourdough incorporated into the final product. 
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Table 4.12.  Analysis of variance for lactic acid content of sourdoughs  

 

SOV df SS MSS F cal 

Cultures (A) 3 1.05095 0.350 1748.190** 

Time  (B) 2 0.02239 0.011 55.858** 

AB 6 0.00881 0.001 7.325** 

Error 24 0.00481 0.000  

Total  35 1.087   

** Highly Significant (P < 0.01) 

 

Table 4.13.  Effect of starter cultures and fermentation time on lactic acid                     
content of sourdoughs 

 

 Cultures  
Lactic acid (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.00g 0.00g 0.00g 0.00c 

St-I 0.25f 0.32e 0.35d 0.31b 

St-II 0.27f 0.31e 0.33de 0.30b 

St-III 0.43c 0.48b 0.51a 0.47a 

Mean 0.24c 0.28b 0.30a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05)  

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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4.8.    Acetic acid content of sourdoughs 

The statistical results regarding acetic acid content of sourdoughs 

prepared from different starter cultures (Table 4.14) showed that the starter 

cultures and fermentation time showed a significant effect on the acetic acid 

content. The interaction between starter cultures and fermentation time also 

showed a significant effect on the acetic acid. 

The acetic acid content of sourdoughs (Table 4.15) showed that the St-I 

(Lb. brevis) produced significantly the highest acetic acid content (0.10 g/100g) 

followed by St-II (Lb. fermentum) (0.09 g/100g). The acetic acid was not produced 

by the control (S.  cerevisiae) and St-III (Lb.  plantarum). 

The results indicated that the production of acetic acid increased 

significantly with the increase in fermentation time. The acetic acid was 

produced significantly the highest after 24 hours of fermentation time. The 

interaction between the starter culture and fermentation time showed 

significantly maximum production of acetic acid (0.14 g/100g) by Starter culture-

I after 24 hours of fermentation time followed by the same culture after 18 hours 

of fermentation time (0.10 g/100g).  

The results of the present study are in agreement to the findings of Katina 

(2004) who reported that acetic acid content of the wheat sourdoughs lies in the 

range of 0.003-0.25 g/100g depending upon the flour type, starter and 

fermentation conditions used. The acidification and the production of acetic acid 

have very important role regarding the preservation against the spoilage 

microorganisms provided that the raw material and the pre-fermentation 

conditions are optimal (Ganzle, 1998). The present results suggest that starter 

cultures produce significant amount of acetic acid in sourdough which besides 

other roles may also act as preservative to the end product.  
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Table 4.14.   Analysis of variance for acetic acid content of sourdoughs  

 

SOV df SS MSS F cal 

Cultures (A) 3 0.08758 0.029 3011.464** 

Time  (B) 2 0.00303 0.002 156.106** 

AB 6 0.00511 0.001 87.797** 

Error 24 2.33E-04 0.000  

Total  35 0.096   

** Highly Significant (P < 0.01) 

 

Table 4.15.  Effect of starter cultures and fermentation time on acetic acid                       
content of sourdoughs 

 

 Cultures  
Acetic acid (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.00e 0.00e 0.00e 0.00c 

St-I 0.07d 0.10b 0.14a 0.10a 

St-II 0.08c 0.10b 0.10b 0.09b 

St-III 0.00e 0.00e 0.00e 0.00c 

Mean 0.04c 0.05b 0.06a  

Means carrying same letters within a column or row do not differ significantly (P < 0.01) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum
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4.9.   Maltose content of sourdoughs 

The analysis of variance regarding maltose content of sourdoughs 

prepared from different starter cultures presented in (Table 4.16) indicated that 

the starter cultures, fermentation time and interaction between the two variables 

significantly affected the maltose content of sourdoughs.  

The results for the maltose content of sourdoughs prepared from different 

starter cultures given in (Table 4.17) showed that the maltose content ranged 

from 1.60 to 2.50 g/100g among different starter cultures. The results also 

indicated that significantly the highest maltose content (2.23 g/100g) was 

exhibited by the St-I (Lb. brevis) followed by St-III (Lb. plantarum). However, the 

sourdoughs produced from St-II (Lb. fermentum) and control (S. cerevisiae) 

showed lower but statistically similar maltose content. 

The production of maltose content varied significantly among the 

fermentation times and showed a descending order for the production of maltose 

content after 24, 18 and 12 hours of fermentation, respectively. It is evident from 

the results that the maltose content increased significantly as a function of 

fermentation time and maximum maltose content of 2.50 g/100g and 2.40 g/100g 

were produced by the St-1 and III, respectively after 24 hours of fermentation 

time. However, the lowest maltose content was yielded by the St-III (1.60 

g/100g) after 12 hours of fermentation time.  

Mathewson (2000) has reported that maltose content increased slightly 

from 1.5 to 2.5 g/100g and attributed this increase to the hydrolytic activity of 

cereal amylases on the starch fraction damaged during the milling process. 

Wheat flour contains low amount of soluble carbohydrates. The total 

concentration of maltose, sucrose, glucose and fructose varies from 1.55 to 1.85% 

depending on the balance between starch hydrolysis, by the flour and microbial 

enzymes and microbial consumption (Martinez Anaya, 1996). The St-I possessed 

better  ability  to  hydrolyze  starch  into  maltose  as  compared  to  other  starter  
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Table 4.16.   Analysis of variance for maltose content of sourdoughs  

 

SOV df SS MSS F cal 

Cultures (A) 3 0.54 0.180 22.503** 

Time  (B) 2 2.015 1.008 125.953** 

AB 6 0.165 0.028 3.438* 

Error 24 0.19198 0.008  

Total  35 2.912   

** Highly Significant (P < 0.01) 
* Significant (P < 0.05) 
 

Table 4.17.  Effect of starter cultures and fermentation time on maltose content 
of sourdoughs 

 

 Cultures  
Maltose (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  1.70g 2.00ef 2.10de 1.93c 

St-I 1.90f 2.30bc 2.50a 2.23a 

St-II 1.70g 1.90f 2.20cd 1.93c 

St-III 1.60g 2.10de 2.40ab 2.03b 

Mean 1.73c 2.08b 2.30a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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cultures. The results regarding maltose content produced by various starter 

cultures are falling within the ranges reported by Mathewson (2000). 

 
4.10.   Glucose content of sourdoughs  

The statistical results for the glucose content of sourdoughs prepared from 

different starter cultures (Table 4.18) showed that the starter cultures, 

fermentation time and the interaction between starter cultures and fermentation 

time showed significant effect on the glucose content of sourdoughs. 

The results given in (Table 4.19) indicated that production of glucose 

content in sourdoughs varied from 0.15 to 0.43 g/100g among starter cultures 

during different fermentation times. It is obvious from the results that the control 

(S. cerevisiae) produced the highest content of glucose (0.43 g/100g) as compared 

to the other starter cultures followed by the sourdough prepared from St-III (Lb. 

plantarum). However, the sourdoughs produced by St-I (Lb. brevis) and St-II (Lb. 

fermentum) yielded the lowest glucose content but both cultures possessed non 

significant differences for the production of glucose content.  

The results further indicated that yield of glucose content increased 

significantly as a function of fermentation time. The glucose content was quite 

different for the control as the glucose content increased from 0.35 to 0.43 g/100g 

during different fermentation times. The yield of glucose content was found 

significantly the highest when sourdoughs were subjected to fermentation for 24 

hours while its lowest production after 12 hours of fermentation time. The 

glucose production did not show relationship with to a homo- or hetero-

fermentative metabolism as it did not vary between different LAB strains. The 

consumption of glucose by the LAB strains could explain a decrease in this sugar 

content. The results of the present study are in conformity with the studies of 

Robert (2005) who reported similar findings regarding the behavior of homo- 

and hetero-fermentative starter cultures for the wheat sourdough bread making 

process.      
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Table 4.18.   Analysis of variance for glucose content of sourdoughs  

 

SOV df SS MSS F cal 

Cultures (A) 3 0.39007 0.130 1124.382** 

Time  (B) 2 0.00179 0.001 7.740* 

AB 6 0.01048 0.002 15.110** 

Error 24 0.00278 0.000  

Total  35 0.405   

** Highly Significant (P < 0.01) 
* Significant (P < 0.05) 
 

Table 4.19.  Effect of starter cultures and fermentation time on glucose content 
of sourdoughs 

 

 Cultures  
Glucose (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.35b 0.42a 0.43a 0.40a 

St-I 0.15d 0.16cd 0.15d 0.15c 

St-II 0.16cd 0.15d 0.16cd 0.16c 

St-III 0.18c 0.17cd 0.16cd 0.17b 

Mean 0.21b 0.23a 0.23a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III     = Lactobacillus plantarum  
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4.11.    Fructose content of sourdough 
 

The results pertaining to the analysis of variance for fructose content of 

sourdoughs prepared from different starter cultures are presented in (Table 4.20). 

It is obvious from the statistical results that the production of fructose content of 

the sourdoughs differed significantly (P<0.01) by the differences in the starter 

cultures and fermentation times. The interaction between the two variables also 

showed significant effect on the production of fructose content. 

The results given in (Table 4.21) indicated that the fructose content of 

sourdoughs ranged significantly from 0.11 to 0.41 g/100g among starter cultures 

during different fermentation times. It is obvious from the results that control 

culture (S. cerevisiae) yielded significantly the lowest content of fructose (0.15 

g/100g) as compared to the other starter cultures when fermentation times were 

combined. The sourdoughs prepared from St-I (Lb. brevis) gave significantly the 

highest fructose content (0.38 g/100g) followed by the sourdoughs prepared 

from St-II (Lb. fermentum) and St-III (Lb. plantarum) which produced fructose 

content 0.31 g/100g and 0.19 g/100g, respectively. 

There was an increasing trend in the production of fructose with the 

increase in fermentation time. The highest recovery of fructose was recorded 

when the fermentation was carried out for 24 hours. There was a maximum 

production of fructose (0.41 g/100g) by the St-I after 24 hours of fermentation 

time followed by same culture after 18 hours of fermentation (0.39 g/100g). 

However, the lowest fructose content was produced by the control culture (0.11 

g/100g) after 12 hours of fermentation time. The results are in close agreement 

with the Lefebvre et al. (2002) who found that the fructose content during 

sourdough fermentation increased due to metabolism by the lactic acid bacteria 

and also observed difference in the behavior of homo- and hetero- fermentative 

starter cultures for the fructose content. The present study suggested that the 

heterofermentative starter cultures showed better ability to produce fructose 

content as compared to homofermentative starter culture. Since the control 

comprised of yeast (S. cerevisiae) which exhibited the lowest production of 

fructose during different fermentation periods. 
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Table 4.20.   Analysis of variance for fructose content of sourdoughs  

 

SOV df SS MSS F cal 

Cultures (A) 3 0.32604 0.109 702.428** 

Time  (B) 2 0.01548 0.008 50.010** 

AB 6 0.01247 0.002 13.435** 

Error 24 0.00371 0.000  

Total  35 0.358   

** Highly Significant (P < 0.01) 

 

Table 4.21.  Effect of starter cultures and fermentation time on fructose content 
of sourdoughs 

 

 Cultures  
Fructose (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.11h 0.16g 0.17fg 0.15d 

St-I 0.33c 0.39ab 0.41a 0.38a 

St-II 0.29d 0.34c 0.37b 0.33b 

St-III 0.21e 0.18fg 0.19ef 0.19c 

Mean 0.24c 0.27b 0.29a  

Means carrying same letters within a column or row do not differ significantly (P < 0.01) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   =Lactobacillus plantarum
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4.12.   Composition of essential amino acids of sourdoughs 
 
The statistical results showed that the contents of essential amino acids in 

the sourdoughs differed significantly (P<0.01) by the differences in the starter 

cultures as well as fermentation time. The interaction between starter cultures 

and fermentation time was also found significant on amino acids contents 

(Tables 4.22). 

The contents of essential amino acids of sourdoughs produced by the 

addition of different LAB starter cultures  varied significantly between 0.05 to 

0.11 g/100g for methionine, 0.20 to 0.28 g/100g for lysine, 0.36 to 0.62 g/100g for 

leucine, 0.24 to 0.36 g/100g for isoleucine, 0.10 to 0.18 g/100g for histidine, 0.20 

to 0.40 g/100g for valine, 0.21 to 0.38 g/100g for threonine content when the 

fermentation times were combined (Tables 4.23 - 4.29). 

The results revealed that higher amount of essential amino acids was 

found in sourdoughs containing LAB starter cultures (Lb. brevis, Lb. fermentum, 

Lb. plantarum)  as compared to the sourdoughs produced from the control (S. 

cerevisiae). The amino acids content of sourdoughs increased significantly by 

increasing in the fermentation time. The amino acids contents were found 

significantly the highest (0.14 g/100g for metionine, 0.33 g/100g for lysine, 0.81 

g/100g for leucine, 0.42 g/100g for isoleucine, 0.22 g/100g for histidine, 0.47 

g/100g for valine, 0.14 g/100g for methionine, 0.48g/100g for threonine) in 

sourdoughs produced from St-I (Lb. brevis) after 24 hours of fermentation time 

(Tables 4.23 - 4.29). The results further indicated that production of methionine, 

lysine and valine did not differ significantly between LAB St-II and St-III after 24 

hours of fermentation time. Similarly St-I and St-II did not show significant 

variation for the production of leucine and isoleucine contents after 24 hours of 

fermentation time. However all the LAB starter cultures yielded significantly the 

highest contents of all amino acids as compared to the starter culture containing 

yeast. 
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Table 4.22.  Analysis of variance for essential amino acid content of sourdoughs  

 

** Highly Significant (P < 0.01) 

 

SOV df Methionine Lysine Leucine Isoleucine Histidine Valine Threonine 

Cultures (A) 3 0.009** 0.009** 0.132** 0.026** 0.012** 0.063** 0.058** 

Time  (B) 2 0.003** 0.009** 0.207** 0.021** 0.008** 0.070** 0.055** 

AB 6 0.0002** 0.001** 0.023** 0.001** 0.001** 0.004** 0.003** 

Error 24 0.0001 0.0001 0.001 0.0001 0.0003 0.0005 0.0004 
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Table 4.23. Effect of starter cultures and fermentation time on methionine                      
content of sourdoughs 

 

 Cultures  
Methionine (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.04g 0.05f 0.05f 0.05b 

St-I 0.08e 0.10c 0.14a 0.11a 

St-II 0.10c 0.12b 0.12b 0.11a 

St-III 0.09d 0.12b 0.12b 0.11a 

Mean 0.08c 0.10b 0.11a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Table 4.24.  Effect of starter cultures and fermentation time on lysine content 
                      of sourdoughs 
 

Cultures 
Lysine (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.19d 0.20d 0.22c 0.20d 

St-I 0.24c 0.26b 0.33a 0.28a 

St-II 0.24c 0.27b 0.28b 0.26b 

St-III 0.22c 0.23c 0.28b 0.24c 

Mean 0.22c 0.24b 0.28a   

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III     =Lactobacillus plantarum  
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Table 4.25.  Effect of starter cultures and fermentation time on leucine content 
of sourdoughs 

 

Cultures 
Leucine (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.32g 0.35g 0.40f 0.36c 

St-I 0.46de 0.68b 0.81a 0.65a 

St-II 0.42ef 0.50d 0.77a 0.56b 

St-III 0.41f 0.62c 0.68b 0.57b 

Mean 0.40c 0.54b 0.67a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Table 4.26.  Effect of starter cultures and fermentation time on isoleucine                      
content of sourdoughs 

 

Cultures 
Isoleucine (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.22g 0.25f 0.26f 0.24c 

St-I 0.31e 0.34cd 0.42a 0.36a 

St-II 0.33cde 0.35bc 0.40a 0.36a 

St-III 0.26f 0.32de 0.37b 0.32b 

Mean 0.28c 0.32b 0.36a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III     =Lactobacillus plantarum  
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Table 4.27. Effect of starter cultures and fermentation time on histidine                       
content of  sourdoughs 

 

Cultures 

Histidine (g/100g) 

Mean 12 Hrs 18 Hrs 24 Hrs 

Control  0.09h 0.10gh 0.10gh 0.10d 

St-I 0.14d 0.19b 0.22a 0.18a 

St-II 0.12ef 0.16c 0.18b 0.15b 

St-III 0.11fg 0.13de 0.16c 0.13c 

Mean 0.12c 0.15b 0.17a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Table 4.28.  Effect of starter cultures and fermentation time on valine content 
of sourdoughs 

 

Cultures 
Valine (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.16g 0.21f 0.24e 0.20d 

St-I 0.25e 0.35c 0.47a 0.36b 

St-II 0.26e 0.31d 0.43b 0.33c 

St-III 0.31d 0.43b 0.45ab 0.40a 

Mean 0.25c 0.33b 0.40a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum  
St-III     =Lactobacillus plantarum   
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Table 4.29.  Effect of starter cultures and fermentation time on threonine                      
content of sourdoughs 

 

Cultures 
Threonine (g/100g) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  0.18g 0.20g 0.25f 0.21c 

St-I 0.31e 0.36d 0.48a 0.38a 

St-II 0.26f 0.40c 0.43b 0.36b 

St-III 0.29e 0.37d 0.42bc 0.36b 

Mean 0.26c 0.33b 0.40a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   =Lactobacillus plantarum 
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The results regarding amino acids are in agreement with the previous studies 

reported by Spicher and Nierle (1984) and Barber et al. (1989) who substantiated 

that LAB sourdoughs possessed higher proteolytic activity as compared to yeast 

preferments and effective amino acid formation was found most prominent with 

sourdoughs fermented with lactic acid bacteria. Accumulation of amino acids in 

sourdoughs is only possible when degradation of amino acids for microbial 

growth is less than production of amino acids. The acidity has shown positive 

effects on protein degradation as reported by Loponen et al. (2004) and Thiele et 

al. (2004). Collar and Martinez (1993) also reported that the content of essential 

amino acids increased due to the fermentation by lactic acid bacteria. In yeast 

fermentation, the observed depletion of amino acid concentration during 

fermentation with white flour has also been confirmed by some other studies 

conducted by Damiani et al. (1996) and Thiele et al. (2004). 

A proteolytic system that allows the degradation of proteins is crucial for 

growth and the conversion of larger peptides to small peptides and free amino 

acids and the subsequent utilization of these amino acids is a central metabolic 

activity in fermenting microorganisms such as LAB. Among the LAB, lactobacilli 

have been reported with particularly high cell-bound proteinase activities 

(Christensen et al., 1999). Very few types of yeast are proteolytic and some strains 

of Candida and Saccharomyces spp. have been reported to produce extra cellular 

proteinases (Ogrydziak, 1993) as the yeast culture produced the same results. It is 

known that cereals are deficient in certain amino acids. Lysine is one of the most 

limiting amino acid in wheat. The LAB starter culture in the present study 

produced significant amount of essential amino acids especially lysine which can 

help to improve the level of amino acids in the end product. The present study 

suggested LAB starter cultures possessed substantial quantity of essential amino 

acids particularly the highest contents of these amino acids were produced by St-

I (Lb. brevis). 
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4.13.   Major volatile compounds of sourdoughs 

The flavor, a combined sensation of taste and smell, is undoubtedly the 

most important sensory attributes determining the quality of bread or baked 

cereals in general. Besides the baking process, which mainly influences the 

typical aroma of the bread crust, the most important step in the development of 

crumb flavor is dough fermentation.  

 
4.13.1. 1-Propanol content of sourdoughs 

The results for the 1-propanol content of sourdoughs prepared from 

different starter cultures illustrated in Fig. 1 revealed that 1-propanol content in 

the sourdoughs prepared from different starter cultures and fermentation times 

varied from 4.6 to 7.2%.  

The results also showed that maximum 1-propanol content was produced 

by the control yeast culture, while no production of 1-propanol content was 

observed in the sourdoughs prepared from LAB starter cultures. There was an 

increasing trend for the production of 1-propanol in control yeast culture with 

the increase of fermentation time as 1-propanol was found the highest at 24 

hours while lowest at 12 hours of fermentation time.  

Damiani et al. (1996) found that 1-propanol content was only produced by 

the yeast in the range of 0-7.9% and no production of 1-propanol content was 

observed in sourdoughs containing LAB which supports the results of this study  

which showed production of 1-propanol only by the control containing yeast 

culture and no production by LAB culture. 

 
4.13.2.   2-methyl-1-propanol content of sourdoughs 

 
The results presented in Fig. 2 indicated that 2-methyl-1-propanol content 

in the sourdoughs varied from 10.3 to 15.7% among the starter cultures during 

different fermentation times. 
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   Fig. 4.1.  Content of 1-propanol in sourdoughs fermented with different LAB starter cultures during different 

fermentation times 
 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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    Fig. 4.2.  Content of 2-methyl-1-propanol in sourdoughs fermented with different LAB starter cultures during 
different fermentation times 

 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 



 88

The results regarding the 2-methyl-1-propanol content of sourdoughs 

illustrated in Fig. 2 indicated that 2-methyl-1-propanol content was only 

produced by sourdough prepared from control yeast culture and no 1-propanol 

content was recorded in the sourdoughs containing different LAB starter 

cultures. In the control yeast culture an increase in the production of 2-methyl-1-

propanol was recorded as a function of fermentation time. The highest content of 

2-methyl-1-propanol was recorded at 24 hours while the lowest production of 2-

methyl-1-propanol was found at 12 hours of fermentation time.  

The results regarding the 2-methyl-1-propanol content in the present 

investigation are closely associated with the early findings of Hansen and 

Hansen (1993) who reported that 2-methyl-1-propanol was the characteristic 

volatile compound of fermentative yeast as is observed only in the control yeast 

culture and not in case of LAB starter cultures. 

 

4.13.3.   2/3-methyl-1-butanol content of sourdoughs 

The results pertaining to the 2/3-methyl-1-butanol contents are presented 

in Fig. 3 and 4 showed that the contents of 2/3-methyl-1-butanol in the 

sourdoughs prepared from different starter cultures during different 

fermentation times varied from 5.1 to 6.7% and 12.0 to 15.3% for 2-methyl-1-

butanol and 3-methyl-1-butanol, respectively.  

It is evident from the results shown in Fig 3 and 4 that the highest contents 

of 2/3-methyl-1-butanol were recorded in the sourdoughs produced from the 

control yeast culture while the sourdoughs containing LAB used as starter 

cultures produced no 2/3-methyl-1-butanol. The progress in fermentation time 

showed an increasing trend for the production of these compounds and 

maximum 2/3-methyl-1-butanol contents were recorded at 24 hours of 

fermentation time and minimum were found at 12 hours of fermentation time for 

the control yeast culture.  
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 Fig. 4.3.    Content of 2-methyl-1-butanol in sourdoughs fermented with different LAB starter cultures during 
different fermentation times 

 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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Fig. 4.4.    Content of 3-methyl-1-butanol in sourdoughs fermented with different LAB starter cultures during 
different fermentation times 

 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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4.13.4.   1-hexanol content of sourdoughs 

   The results regarding 1-hexanol content of sourdoughs prepared from 

different starters are presented in Fig. 5. The results indicated that the 1-hexanol 

varied from 2.9 to 9.4% among different starter cultures as well as varying 

fermentation times.  

The results illustrated in the Fig. 5 revealed that 1-hexanol content was 

maximum in the sourdoughs produced by the addition of St-III followed by St-I 

while the lowest production of 1-hexanol content was observed in the sourdough 

prepared from St-II. The sourdough containing control yeast culture did not 

produce 1-hexanol. The results for the 1-hexanol content of sourdoughs are in 

line with the Hansen and Hansen (1994) who reported the production of volatile 

compounds in wheat sourdoughs produced by lactic acid bacteria and 

sourdough yeasts and observed that the 1-hexanol was the dominating alcohol in 

all the sourdoughs without the addition of yeasts. In the present study the 

sourdough made from yeast culture did not produce 1-hexanol but sourdoughs 

prepared from LAB cultures yielded the maximum production of 1-hexanol. 

 
4.13.5.   Hexanal content of sourdoughs 

The results presented in Fig. 6 showed that the hexanal content of 

sourdoughs prepared from different starters was affected by different starter 

cultures as well as by the fermentation time.  

It is evident from fig 6 that the sourdoughs produced by the addition of 

St-III yielded maximum production of hexanal content followed by St-1. 

However the lowest hexanal content was produced by the sourdoughs prepared 

from St-II (2.7%). The control sourdoughs made from yeast culture did not 

produce any hexanal content. The results for the hexanal content of sourdoughs 

are in agreement to the study of Lund et al. (1989) who reported that the content 

of hexanal was very high in sourdoughs fermented with a non commercial 

homofermentative culture. In the present study   LAB   St-III  (homofermentative)  



 92

 

1-Hexanol

0.00
2.00
4.00
6.00
8.00

10.00

12 Hrs 18 Hrs 24 Hrs

Time

R
el

at
iv

e 
pe

ak
 a

re
a

Control 
St-I
St-II
St-III

 
Fig. 4.5.    Content of 1-hexanol in sourdoughs fermented with different LAB  starter cultures during different 

fermentation times 
 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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 Fig. 4.6.    Content of hexanal in sourdoughs fermented with different LAB starter cultures during different 

fermentation times 
 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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produced the highest content of hexanal which is in conformity to the above 

findings of Lund et al. (1989). 

 
4.13.6.   Octanal content of sourdoughs 

The results pertaining to the octanal content presented in the Fig. 7 

indicated that the sourdoughs prepared from different starter cultures showed 

variation in octanal content due to different starter cultures and fermentation 

times.  

It is obvious from the results (Fig. 7) that the sourdoughs produced by the 

addition of St-III showed maximum yield of octanal content followed by St-1 

while the lowest content of octanal was found in the sourdoughs produced from 

control yeast culture. Damiani et al. (1996) have reported that the content of 

octanal was mainly produced in sourdoughs fermented with lactic acid bacteria 

especially homofermentative starter culture L. plantarum as in the present study. 

LAB starter culture St-III (homofermentative) gave the highest content of octanal 

as compared to other LAB starter cultures. 

 
4.13.7.   Ethyl acetate content of sourdoughs 

The results for the ethyl acetate content of sourdoughs prepared from 

different starter cultures given in Fig. 8 revealed that different starter cultures 

and fermentation times showed variation in the production of ethyl acetate 

content.  

The results illustrated in Fig. 8 showed that the sourdoughs produced 

from St-II showed maximum production of ethyl acetate content followed by 

starter culture-1. The sourdough produced from St-III yielded the lowest content 

of ethyl acetate. The results for the ethyl acetate content in the present 

investigation are closely in agreement with the earlier findings of Damiani et al. 

(1996) and Lund et al. (1989) who found that ethyl acetate was higher in wheat 

sourdoughs fermented with heterofermentative LAB. Similarly, Hansen and 
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 Fig. 4.7.  Content of octanal in sourdoughs fermented with different LAB starter cultures during different 

fermentation times 
 
Relative peak area = (peak area of each compound/total area) × 100 
 
Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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 Fig. 4.8.  Content of ethyl acetate in sourdoughs fermented with different LAB starter cultures during different 
fermentation times 

 
Relative peak area = (peak area of each compound/total area) × 100 
 

Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
St-III       = Lactobacillus plantarum 
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4.13.8. Diacetyl content of sourdoughs 

The results presented in Fig. 9 revealed that the diacetyl content in the 

sourdoughs produced with different starter cultures varied from 3.4 to 20.3% 

among starter cultures during different fermentation times.  

The results indicated that the sourdoughs produced from St-III yielded 

maximum diacetyl content followed by the control yeast culture. The St-I and St-

II failed to produce any diacetyl content. The present findings regarding diccetyl 

content of sourdoughs are in conformity to the results reported in the previous 

studies of El-Gendy et al. (1983) and Torner et al. (1992) who observed that the 

diacetyl (2,3-butanedione) is generated by both LAB and yeast. Similarly, 

Damiani et al. (1996) and Lund et al. (1989) reported that the content of diacetyl 

was higher in sourdoughs manufactured with homofermentative compared to 

heterofermentative cultures. In the present study the sourdough prepared from 

the St-I and St-II failed to produce the diacetyl content as both the starter cultures 

were heterofermentative in nature while the sourdough from St-III 

(homofermentative starter culture) produced the highest content of diacetyl. The 

sourdoughs from yeast culture also produced substantial amount of diacetyl.  

Hansen (1993) also found that the sourdoughs produced from L. brevis 

and L. fermentum strains mainly contained ethyl acetate with smaller amounts of 

octanal and nonanal. They also showed that ethyl acetate is the major flavor 

compound in heterofermentative metabolism. Thus it may be inferred from the 

present study that the sourdoughs made from LAB starter cultures St-I and St-II 

which are heterofermentative gave higher ethyl acetate as compared to 

homofermentative starter culture St-III and control yeast culture. 

 

4.14.    pH of sourdough breads 

The results pertaining to the analysis of variance for pH of breads 

prepared from different starter cultures are presented in Table 4.30. The 
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 Fig. 4.9.  Content of diacetyl in sourdoughs fermented with different LAB   starter cultures during different 
fermentation times 

 

Relative peak area = (peak area of each compound/total area) × 100 
 

Control = Saccharomyces cerevisiae 
St-I       = Lactobacillus brevis 
St-II       = Lactobacillus fermentum 
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St-III       = Lactobacillus plantarum 
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statistical results indicated that the pH differed significantly (P<0.01) by the 

differences in the starter cultures and fermentation time. However, the 

interaction between the starter cultures and fermentation time was found to 

be non significant for the pH of different breads. 

 The results given in Table 4.31 indicated that pH ranged from 3.88 to 

6.10 among the breads prepared from starter cultures during different 

fermentation periods. It is obvious that pH varied significantly among the 

breads prepared from different starter cultures and maximum pH was found 

in the breads produced from the control yeast culture (5.88) followed by St-III 

(4.31). There was a significant decrease in pH in the breads produced from St-

I (4.01) as compared to control yeast culture bread. The fermentation time 

showed a significant effect on pH exhibiting a decreasing trend as 

fermentation time progressed. Minimum pH was recorded after 24 hours of 

fermentation time while maximum pH was observed after 12 hours of 

fermentation. The pH in breads decreased as a function of fermentation time 

in all starter cultures and the lowest pH (3.88) was observed in bread 

prepared from St-I tested after 24 hours of fermentation time followed by the 

bread produced from the same culture after 18 hours of fermentation time 

(3.95).  

The findings of the present study are in conformity with the findings 

of earlier workers Spiros et al. (2005) who reported that pH of the sourdough 

breads  

follows the same pattern as has been observed in the corresponding 

sourdoughs. The homofermentative LAB are able to convert hexoses almost 

completely into lactic acid whereas heterofermentative LAB degrade hexoses 

into lactic acid, acetic acid/ethanol and CO2.  These acids are responsible for 

the drop in pH of the sourdoughs (Hammes and Vogel, 1995). Thus the 

maximum decrease in pH in breads made from St-I and St-II is due to the 

presence of heterofermentative LAB. This indicates that the St-I and St-II can 
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convert more readily hexoses to organic acids which help to decrease the pH 

of the media and the corresponding sourdoughs.   

Table 4.30.   Analysis of variance for pH of breads 

SOV df SS MSS F cal 

Cultures (A) 3 20.147 6.716 324.404** 

Time  (B) 2 1.352 0.676 32.644** 

AB 6 0.141 0.024 1.138NS 

Error 48 0.994 0.021  

Total  59 22.633   

** Highly Significant (P < 0.01) 

NS Non Significant 

 

Table 4.31.  Effect of starter cultures and fermentation time on pH of breads 

 Cultures  
pH 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  6.10 5.90 5.65 5.88a 

St-I 4.20 3.95 3.88 4.01c 

St-II 4.43 4.16 4.02 4.20bc 

St-III 4.67 4.29 3.96 4.31b 

Mean 4.91a 4.67b 4.52c  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum  

 



 v

4.15.   Total titratable acidity (TTA) of sourdough breads 
 
The statistical results for the total titratable acidity of breads prepared 

from different starter cultures showed that the variation in starter cultures 

and fermentation time significantly affected the TTA of breads (Table 4.32). 

The interaction between starter cultures and fermentation time also showed 

significant effect on TTA of sourdough breads. 

It is evident from the results given in (Table 4.33) that total titratable 

acidity ranged from 2.20 to 8.90 among the breads prepared from different 

starter cultures when fermentation time was pooled. It is obvious from the 

results that the breads prepared from the control yeast culture (Saccharomyces 

cerevisiae) showed the lowest content of TTA (2.63) as compared to the breads 

prepared from other LAB starter cultures. The breads prepared from St-I 

(Lactobacillus brevis) yielded significantly the highest content of TTA (8.10) 

followed by St-II (Lactobacillus fermentum) and starter-III (Lactobacillus 

plantarum) which contained TTA 7.0 and 6.53, respectively. There was a 

significant increase in the total titratable acidity with the increase in 

fermentation time. The TTA was found significantly the highest after 24 hours 

of fermentation time in breads prepared from all starter cultures. The 

interaction between starter cultures and fermentation time showed maximum 

TTA (8.90) when breads prepared from St-I were fermented for 24 hours of 

fermentation time followed by breads prepared from the same culture 

subjected to 18 hours fermentation (8.40). The breads from control yeast 

culture exhibited significantly the lowest TTA. Clarke et al. (2003) found that 

TTA values increased by increasing sourdough fermentation time which is in 

concordance with the results obtained in the present study.   

Gianotti et al. (1997) suggested that the rapid acid production by LAB 

is a desired property for the selection of starter cultures to be used for the 

sourdough processes.  The acidity in the sourdoughs is represented by pH 
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and TTA values. In  the  present  study  the  acidity  increased  and  the  pH  

decreased  during the  
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Table 4.32.   Analysis of variance for TTA of breads 

 

SOV df SS MSS F cal 

Cultures (A) 3 174.105 58.035 1487.954** 

Time  (B) 2 8.124 4.062 104.148** 

AB 6 2.649 0.441 11.318** 

Error 48 1.872 0.039  

Total  59 186.750   

** Highly Significant (P < 0.01) 

 

Table 4.33.   Effect of starter cultures and fermentation time on TTA of 

breads 

 

 Cultures  
TTA 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  2.20g 2.60g 3.10g 2.63d 

St-I 7.00d 8.40b 8.90a 8.10a 

St-II 6.20ef 7.10d 7.70c 7.00b 

St-III 6.10f 6.60de 6.90d 6.53c 

Mean 5.13c 6.03b 6.57a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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process of fermentation. Nchle et al. (1994) reported an increase in acidity and 

a decrease in pH to be associated with an increase in LAB counts. It may be 

concluded from the present study that the breads from different starter 

cultures showed higher acidity and more decline in pH as compared to 

control yeast culture bread. It is evident that the starter cultures especially St-I 

is more desirable for the production of sourdough as per criterion suggested 

by Gianotti et al. (1997) because it caused rapid acid production as compared 

to the other LAB starter cultures.  

 
4.16.   Sensory evaluation of sourdough breads 

           External characteristics of sourdough breads 

4.16.1. Volume  

The analysis of variance regarding volume of breads given in (Table 

4.34) revealed that starter cultures showed highly significant effect on the 

scores assigned to loaf volume of the breads. The interaction of starter 

cultures and fermentation time did not show significant effect on the scores 

assigned to the volume of breads. 

The results presented in Table 4.35 indicated that the scores assigned to 

loaf volume of breads ranged from 6.46 to 8.20 for different fermentation time 

periods. The judges assigned maximum scores to the volume of control 

breads (8.12) followed by the breads prepared from the St-I (Lb. brevis). 

However, the breads prepared from St-III (Lb. plantarum) got minimum scores 

with respect to volume. The results also showed that the scores assigned to 

volume of breads increased with the increase in fermentation time upto 18 

hours. The breads prepared from St-I got scores for volume statistically at par 

to the breads prepared from control starter culture. 

These results in the present study are in line with the findings of 

Corsetti et al. (2000) who confirmed the effectiveness of LAB-containing 

starters in improving bread volume as compared with pure yeasted 

preferments. There are 
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Table 4.34.    Analysis of variance for volume of breads 

 

SOV df SS MSS F cal 

Cultures (A) 3 14.139 4.713 8.743** 

Time  (B) 2 0.831 0.416 0.771NS 

AB 6 0.464 0.077 0.143NS 

Error 48 25.876 0.539  

Total  59 41.310   

** Highly Significant (P < 0.01) 
NS Non Significant 
 

Table 4.35.  Effect of starter cultures and fermentation time on volume of 
breads 

 

 Cultures  
Volume (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  8.00 8.20 8.16 8.12a 

St-I 7.52 7.82 7.52 7.62ab 

St-II 7.20 7.30 7.30 7.27bc 

St-III 6.46 7.00 6.92 6.79c 

Mean 7.30a 7.58a 7.48a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III      = Lactobacillus plantarum 
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contrary reports as the use of sourdough has been reported either to decrease 

(Armero and Collar, 1996) or to increase (Corsetti et al., 2000; Crowley et al., 

2002) the bread volume. Improved volume of the sourdough breads has been 

suggested to be dependent on the nature and intensity of the acidification 

process (Clarke et al., 2003).  

In the present study the breads prepared from starter cultures showed 

variable trends as breads from St-I and control got statistically similar scores 

for volume where as breads from St-II and St-III got significantly lower but 

non significant scores for volume of breads. 

 
4.16.2. Crust Color 

Crust color is an important sensory parameter concerning the 

consumer’s acceptability of bread. The statistical results in Table 4.36 

indicated that the starter cultures showed significant effect on the scores 

given by judges to crust color of the breads. However, the fermentation 

time and interaction between the two variables were found non significant 

with respect to scores assigned to crust color of breads. 

The results indicated that there was an increase in scores assigned to 

crust color of breads prepared from different starter cultures as compared to 

control bread. The breads prepared from St-I got significantly the highest 

scores for crust color followed by the breads produced from St-II. The results 

also indicated that breads produced after 18 hours and 24 hours of 

fermentation time got significantly the highest scores but both fermentation 

times possessed non-significant differences with each other with respect to 

scores assigned to color of crust.  

The results of the present study are comparable with those of Robert et 

al. (2005) who studied the behavior of different starter cultures during wheat 

sourdough bread making process and found that the addition of sourdough 

has a positive effect for the crust color of sourdough breads. The scores 

assigned to 
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Table 4.36.   Analysis of variance for crust color of breads 

 

SOV df SS MSS F cal 

Cultures (A) 3 4.206 1.402 2.903* 

Time  (B) 2 0.052 0.026 0.054NS 

AB 6 0.364 0.061 0.126NS 

Error 48 23.180 0.483  

Total  59 27.802   
* Significant 

NS Non Significant 
 

Table 4.37.    Effect of starter cultures and fermentation time on crust color 
of 

                       breads 
 

Cultures 
Crust color (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  6.30 6.56 6.46 6.44b 

St-I 7.00 6.90 7.10 7.00a 

St-II 6.90 6.90 7.10 6.97a 

St-III 6.58 6.56 6.48 6.54ab 

Mean 6.70a 6.73a 6.79a  
Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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color in the present study are in conformity to the findings of Qamar (1994) 

and Tarar (1999) who concluded that acidulants affected the color of the 

bread significantly. In the present study the breads prepared from St-I, St-II 

and St-III got better scores for color and also showed lower pH and higher 

acidity as the results discussed above. 

 

4.16.3.  Symmetry of form 

 Symmetry of form is an important bread parameter in deciding the 

characteristics like uneven top, low ends and shrunken sides of the bread. 

The scores assigned to the symmetry of form of sourdoughs in the present 

study did not significantly differ among the breads prepared from 

different starter cultures as well as the fermentation time and a non 

significant effect of these two variables on the scores of symmetry of form 

is evident from the results given in Table 4.38. 

The scores for the symmetry of form of sourdough breads (Table 4.39) 

varied from 2.04 to 2.28 for the breads prepared from different starter cultures 

when scores of fermentation times were combined. The results showed that 

the symmetry of form of breads containing St-II got relatively higher scores. 

The breads produced from St-III and control were ranked at the bottom with 

respect to this sensory parameter. 

The results described that symmetry of form of breads prepared from 

different starter cultures increased non significantly with the increase of 

fermentation time. The scores for the symmetry of form were higher for the 

breads prepared after 24 hours of fermentation time and the scores declined 

when there was a decrease in fermentation time.  
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Table 4.38.    Analysis of variance for symmetry of breads   

 

SOV df SS MSS F cal 

Cultures (A) 3 0.182 0.061 1.299NS 

Time  (B) 2 0.030 0.015 0.325NS 

AB 6 0.198 0.033 0.706NS 

Error 48 2.240 0.047  

Total  59 2.650   
NS Non significant 
 

Table 4.39:   Effect of starter cultures and fermentation time on symmetry 
of breads 

 

Cultures 
Symmetry (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  2.16 2.26 2.28 2.23a 

St-I 2.18 2.26 2.28 2.24a 

St-II 2.18 2.26 2.38 2.27a 

St-III 2.04 2.18 2.16 2.13a 

Mean 2.19a 2.22a 2.25a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum  
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4.16.4. Evenness of bake 

The evenness of bake reflects that all sides including top and the 

bottom are uniformly baked and it also reflects the intensity of baking 

whether the sides having lighter or darker shade. The analysis of variance, 

regarding the effect of different starter cultures indicated that scores 

assigned to evenness of bake did not differ significantly due to variation in 

starter cultures and fermentation time (Table 4.40). The interaction between 

these two variables also did not show significant effect on the scores 

assigned to evenness of bake of breads.  

The mean values for the evenness of bake of breads given in Table 4.41 

indicated that evenness of bake among breads varied from 2.04 to 2.28 

prepared from different starter cultures. The scores assigned to evenness of 

bake did not increase significantly as a function of fermentation time and 

almost same scores for the evenness of bake were assigned to the breads 

prepared from different starter cultures.  

 The loaf should be evenly baked on all sides, including the bottom. 

Pan breads should be evenly colored with no light or burned spots. The shade 

of the sides and bottom should conform to that of the crust. 

 
4.16.5. Crust character 

The statistical results regarding scores given by judges to crust 

character of sourdough breads made from different starter cultures at 

different fermentation time have been presented in Table 4.42. The results 

showed that starter cultures exhibited highly significant effect on scores given 

to crust character of the breads. However, the fermentation time and the 

interaction between the starter cultures and fermentation time did not 

significantly affect the scores assigned to crust character of breads. 

The mean scores assigned by the panelists to the crust character of 

breads prepared  from different  starter cultures  with the  variation in 

fermentation time 
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Table 4.40.   Analysis of variance for evenness of bake of breads   

 

SOV df SS MSS F cal 

Cultures (A) 3 0.126 0.042 0.877 Ns 

Time  (B) 2 0.004 0.002 0.045 Ns 

AB 6 0.080 0.013 0.028 Ns 

Error 48 2.296 0.048  

Total 59 2.506   
NS Non Significant 
 

Table 4.41.  Effect of starter cultures and fermentation time on evenness of 
bake of breads 

 

Cultures 
Evenness of bake (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control 2.04 2.18 2.16 2.13 

St-I 2.26 2.18 2.22 2.22 

St-II 2.24 2.28 2.22 2.25 

St-III 2.18 2.16 2.18 2.17 

Mean 2.18a 2.20a 2.20a  
Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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Table 4.42.  Analysis of variance for crust character of breads   

 

SOV df SS MSS F cal 

Cultures (A) 3 1.270 0.423 8.803** 

Time  (B) 2 0.134 0.067 1.397NS 

AB 6 0.070 0.012 0.241NS 

Error 48 2.308 0.048  

Total 59 3.782   

** Highly Significant (P < 0.01) 
NS Non Significant 
 

Table 4.43.  Effect of starter cultures and fermentation time on crust 
character of breads 

 

Cultures 
Crust character (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control 6.30 6.56 6.46 6.44b 

St-I 7.00 6.90 7.10 7.00a 

St-II 6.90 6.90 7.10 6.97a 

St-III 6.58 6.56 6.48 6.54b 

Mean 6.70a 6.73a 6.79a  
Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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have been presented in Table 4.43. The sourdough breads prepared from St-I and St-

II got the highest but non significantly different scores 7.0 and 6.97, respectively for 

crust character. The breads prepared from St-III and control behaved 

statistically alike for the scores given to this sensory character. The results 

described that crust character of breads prepared from different starter 

cultures increased non significantly with the increase in fermentation time. 

The scores for the crust character were higher for the breads prepared after 24 

hours of fermentation time and the scores declined with lower fermentation 

time. 

 
Internal characteristics of bread 

4.16.6. Grain  

The grain of bread is the exposed cell structure of crumb when a loaf of 

bread is sliced, the organized structure of cell gives the information about the 

volume of the breads (Hoseney, 1994). The statistical results given in Table 

4.44 showed that starter cultures exhibited highly significant effect on scores 

given to grain of the breads. However, the fermentation time and the 

interaction between these two variables did not significantly differ with 

respect to scores assigned to grain of breads. 

The scores assigned by the panelists to the grain of breads prepared 

from different starter cultures with the variation in fermentation time have 

been presented in Table 4.45. The scores given to grain of breads ranged from 

5.50 to 8.00 among the breads when results of fermentation time were 

combined. The breads from St-III (5.64) got significantly lower scores while 

maximum scores were given to the control breads (7.75). The breads from St-I 

and St-II got statistically similar scores for grain. The scores given to the 

sourdough breads increased non significantly with the increase in 

fermentation time and the maximum scores for grain were given to breads 

prepared after 18 hours of fermentation time and scores declined with further 

increase in fermentation time. 
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Table 4.44.  Analysis of variance for grain of bread   

 

SOV df SS MSS F cal 

Cultures (A) 3 34.475 11.492 26.352** 

Time  (B) 2 0.229 0.115 0.263NS 

AB 6 1.471 0.245 0.562NS 

Error 48 20.932 0.436  

Total  59 57.107   

** Highly Significant (P < 0.01) 

NS Non Significant 
 

Table 4.45.  Effect of starter cultures and fermentation time on grain of 

breads 

 

Cultures 
Grain (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  7.34 8.00 7.92 7.75a 

St-I 6.66 6.50 6.56 6.57b 

St-II 7.02 6.98 6.78 6.93b 

St-III 5.66 5.76 5.50 5.64c 

Mean 6.67a 6.81a 6.69a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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The results obtained in this study are in line with the findings of 

Shah et al. (1999) who found that the incorporation of sourdough imparted 

most prominent effect on the overall quality of the wheat breads. Controlled 

sourdough process with moderate acidity has been developed by utilizing the 

yeast and LAB with special technological properties. 

 

4.16.7.   Crumb color  

  A soft creamy white crumb color is preferred in white breads. 

However, in some geographic areas, a bright white color is also preferred for 

the bread crumb. The statistical results for the effect of different starter 

cultures on crumb color of breads are given in Table 4.46 which indicated that 

starter cultures showed significant effect on crumb color of the breads while 

fermentation time and interaction between these two variables showed non 

significant effect on the crumb color of breads.  

The crumb color got significantly the highest scores for breads 

prepared from the St-I (7.17) followed by the control breads (6.63). The scores 

given to the sourdough breads increased with the increase in fermentation 

time and the maximum scores for crumb color were given to breads prepared 

after 24 hours of fermentation time. 

The findings of the present study are in line with those of Clarke et al. 

(2001) who studied the effect of lactic acid bacteria on the shelf life of breads 

and concluded that the addition of lactic acid bacteria in sourdough had a 

positive effect on crumb color of bread. The results of the present study are in 

agreement with the findings of Goncharvo and Sokolvo (1977) who reported 

that the crumb color may be improved by the use of amylolytic lactic acid 

bacteria. In the present study the sourdough breads containing LAB St-I got 

the highest scores which is in conformity to the findings of Clarke et al. (2001) 

and Goncharvo and Sokolvo (1977).  
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Table 4.46.  Analysis of variance for crumb color of breads 

 

SOV df SS MSS F cal 

Cultures (A) 3 9.557 3.186 7.664** 

Time  (B) 2 0.758 0.379 0.912NS 

AB 6 0.743 0.124 0.298NS 

Error 48 19.952 0.416  

Total  59 31.010   

** Highly Significant (P < 0.01) 

NS Non Significant 
 

Table 4.47.  Effect of starter cultures and fermentation time on crumb color 
of breads 

 

Cultures 
Crumb color (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  6.28 6.84 6.76 6.63b 

St-I 7.00 7.20 7.30 7.17a 

St-II 6.00 6.20 6.00 6.07c 

St-III 6.36 6.30 6.58 6.41bc 

Mean 6.41a 6.64a 6.66a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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 4.16.8.   Taste 

The statistical results showed that the scores assigned to taste differed 

significantly among the breads prepared from different starter cultures (Table 

4.48). The fermentation time as well as interaction between two variables 

showed non-significant differences for scores given to taste of different 

breads.  

The scores were assigned significantly the highest to taste of breads 

prepared from St-I followed by control (Table 4.49). Significantly the lowest 

scores were given to breads produced from St-III which is a 

homofermentative organism. The results also indicated that the scores 

assigned to taste of breads increased by the time of fermentation upto 18 

hours and beyond this the breads produced after 24 hours of fermentation 

time got lower scores from the judges.  

The findings of the present study are in concordance with the Clarke et 

al. (2003) who reported that the sourdough incorporation affects the overall 

bread quality including taste and smell. However, the starter culture type 

must be selected in order to achieve the desired quality. The mild sour taste 

of the sourdough breads is liked in some countries of the world. This 

particular taste of breads is due to the metabolic activities of the lactic acid 

bacteria which consume the sugars and produce acids in the food matrix. The 

present study suggested that use of St-I improved the taste which was liked 

more by the judges as compared to the taste of control and other starter 

culture breads. 

 
4.16.9. Aroma 

  
The scores given to the aroma of breads prepared from the sourdoughs 

with the addition of different starter cultures have been presented in Table 

4.50. The statistical results indicated that starter cultures showed significant 

effect on crumb color of the breads while fermentation time and interaction 

between these two variables showed non significant effect on scores given to 
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aroma of different breads. 
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Table 4.48.  Analysis of variance for taste of breads 

SOV df SS MSS F cal 

Cultures (A) 3 170.798 56.933 75.532** 

Time  (B) 2 1.202 0.601 0.798NS 

AB 6 1.150 0.192 0.254NS 

Error 48 36.180 0.754  

Total  59 209.330   

** Highly Significant (P < 0.01) 

NS Non Significant 
 

Table 4.49.  Effect of starter cultures and fermentation time on taste of 

breads 

Cultures 
Taste (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  9.66 10.50 10.36 10.17a 

St-I 10.26 10.50 10.32 10.36a 

St-II 7.20 7.38 7.24 7.27b 

St-III 6.50 6.58 6.68 6.59c 

Mean 8.41a 8.74a 8.65a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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Table 4.50.  Analysis of variance for aroma of breads 
 

SOV df SS MSS F cal 

Cultures (A) 3 9.302 3.101 6.827** 

Time  (B) 2 1.122 0.561 1.236NS 

AB 6 1.886 0.314 0.692NS 

Error 48 21.800 0.454  

Total  59 34.110   

** Highly Significant (P < 0.01) 

NS Non Significant 
 

Table 4.51.  Effect of starter cultures and fermentation time on aroma of 

breads 

 

Cultures 
Aroma (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  6.66 7.20 7.12 6.99a 

St-I 7.38 7.48 7.28 7.38a 

St-II 6.68 6.78 6.00 6.49b 

St-III 6.26 6.58 6.40 6.41b 

Mean 6.75a 7.01a 6.70a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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The results given in Table 4.51 indicated that the scores assigned to 

aroma of breads ranged from 6.26 to 7.48 among the breads prepared from 

different starter cultures with varying fermentation time. The breads 

prepared from St-I got significantly higher scores. However, the lowest scores 

for the aroma were given to breads produced from St-II and St-III which were 

statistically similar. The results indicated that the scores assigned to aroma of 

breads did not differ significantly as a function of fermentation time. 

The results of present study are in conformity with the findings of 

Martinez Anaya (1996) who reported that LAB in cereal fermentations can 

also metabolize substarates such as citrate and pyruvate, producing flavor 

related compounds. The results are also in line with the Onyango et al. (2000) 

who suggested that the lactate and acetate are the important flavor 

compounds in fermented cereals and the later acts as a flavor enhancer, 

sensitizing consumers towards other aromatic compounds in products such 

as sourdough. It is evident that St-I produced breads with aroma comparable 

to control and better from breads prepared from St-II and St-III. The 

improvement in aroma in breads in St-I might be due to the ability of LAB 

starter cultures for production of more flavor compounds as reported by 

Martinez Anaya (1996) and Onyango et al. (2000). 

 
4.16.10.   Texture 

    Texture and appearance are two major sensory characteristics of the 

cereal products. The textural properties of a food has been described as that 

group of physical characteristics that are sensed by the feeling of touch, 

disintegration and flow of the food under the application of a force, time and 

distance. The statistical results given in Table 4.52 indicated that the scores 

assigned to texture of breads varied significantly due to the differences in 

starter cultures. However the interaction between starter cultures and 

fermentation time did not differ significantly for texture of breads.  
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Table 4.52.    Analysis of variance for texture of breads 

 

SOV df SS MSS F cal 

Cultures (A) 3 30.927 10.309 9.810** 

Time  (B) 2 0.386 0.193 0.184NS 

AB 6 2.884 0.481 0.457NS 

Error 48 50.440 1.051  

Total 59 84.637   

** Highly Significant (P < 0.01) 

NS Non Significant 
 

Table 4.53.  Effect of starter cultures and fermentation time on texture of 
breads 

 

Cultures 
Texture (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control 10.10 11.00 10.88 10.66b 

St-I 11.28 11.18 10.94 11.13a 

St-II 10.76 10.50 10.60 10.62b 

St-III 9.24 9.40 9.00 9.21c 

Mean 10.35a 10.52a 10.36a  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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It is evident from the results given in Table 4.53 that the texture of 

breads containing starter culture-I got significantly higher scores (11.13) by 

the judges. The results demonstrated that the breads produced from control 

and St-II were statistically at par with respect to texture scores. The breads 

prepared from St-III got significantly the lowest scores for texture. The results 

indicated that the scores assigned to texture of breads increased non 

significantly with increase in fermentation time upto 18 hours and the breads 

produced after 24 hours of fermentation time got lower scores for taste. 

The results of the present study are in concordance with the findings of 

Crowley et al. (2002) who found that the breads containing 20% sourdough 

addition maintained superior textural properties. The results are also in 

agreement with the Sanni et al. (2002) who suggested that the amylolytic 

activity is expected to increase the availability of available energy sources for 

the other associated non-amylolytic LAB and yeasts to contribute to a rapid 

pH decrease and to impart favorable rheological properties. 

 
4.17.   Overall acceptability of sourdough breads 

The total scores given to the overall acceptability of sourdough breads 

prepared from starter cultures during different fermentation times have been 

presented in Table 4.54. The statistical results indicated that starter cultures 

showed significant effect on total scores assigned to the sourdough breads 

while fermentation time and interaction between these two variables showed 

non significant effect on overall acceptability of different breads.  

The results indicated that the scores assigned to overall acceptability of 

breads ranged from 63.72 to 74.44 among the breads prepared from different 

starter cultures during varying fermentation time. The maximum scores were 

assigned to the breads prepared from St-I (Lb. brevis) followed by the control 

yeast culture (S. cerevisiae) breads. However, the lowest scores for the overall  
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Table 4.54.   Analysis of variance for overall acceptability of sourdough 

breads 

 

SOV df SS MSS F cal 

Cultures (A) 3 775.090 258.363 5.648** 

Time  (B) 2 47.649 23.825 0.521 NS 

AB 6 63.039 10.506 0.230 NS 

Error 48 2195.812 45.746  

Total  59 3081.590   

** Highly significant (P < 0.01) 

NS Non significant  

 

Table 4.55. Effect of starter cultures and fermentation time on overall 
acceptability of sourdough breads 

 

 Cultures  
Overall acceptability (scores) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control  66.78 72.56 71.70 70.35b 

St-I 73.34 74.44 73.44 73.74a 

St-II 65.52 66.86 66.56 66.31c 

St-III 64.62 65.08 63.72 64.47c 

Mean 67.57 69.74 68.86  

Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum  
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acceptability were assigned to the breads prepsred from St-II (Lb. fermentum) 

and St-III (Lb. plantarum) with statistically similar results. The results 

indicated that the scores assigned to overall acceptability of breads did not 

differ significantly as a function of fermentation time. 

The results obtained in the present study are in agreement with the 

findings of Shah et al., (1999) who found that the incorporation of sourdough 

starter cultures imparted most prominent effect on the overall quality of the 

wheat breads. The present study suggested that the heterofermentative 

starter cultures (St-I and St-II) showed ability to produce breads with better 

quality as compared to homofermentative starter cultures. Moreover, the St-I 

(Lb. brevis) got the highest scores for the overall acceptability of sourdough 

breads prepared from different starter cultures and scores assigned to the 

breads were comparable to control yeast culture breads. 

 
4.18.   Loaf volume measured by rape seed displacement method 

The analysis of variance regarding the effect of different starter 

cultures on loaf volume of bread is given in Table 4.56 and their mean values 

are presented in Table 4.57. It is obvious from the statistical results that starter 

cultures and fermentation time showed highly significant effect on the loaf 

volume of the breads. The interaction of starter cultures and fermentation 

time was found to be non-significant for the volume of breads. 

It is evident from the results that the loaf volume of control breads 

containing Saccharomyces cerevisiae got significantly the highest loaf volume 

(498.24cc) followed by the St-I and St-II with the loaf volume of 478.66cc and 

471.89cc respectively. However, the breads prepared from St-III got 

significantly the lowest values for loaf volume. The results indicated that the 

loaf volume of breads increased with the increase in fermentation time from 

12 hours to 18 hours and 24 hours. 

 

Table 4.56.   Analysis of variance for loaf volume of breads 
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SOV df SS MSS F cal 

Cultures (A) 3 9806.613 3268.871 9.207** 

Time  (B) 2 2497.584 1248.792 3.517* 

AB 6 2864.817 477.470 1.345NS 

Error 48 17041.308 355.027  

Total  59 32210.322   

*   Significant  
** Highly Significant 
NS Non Significant 

 

Table 4.57.  Effect of starter cultures and fermentation time on loaf volume 
of breads 

 

 Cultures  
Loaf volume (cc) 

Mean 
12 Hrs 18 Hrs 24 Hrs 

Control 472.88 514.00 507.84 498.24a 

St-I 476.66 480.66 478.66 478.66b 

St-II 470.00 472.66 473.00 471.89bc 

St-III 456.66 466.66 467.66 463.66c 

Mean 469.05b 483.50a 481.79a  
Means carrying same letters within a column or row do not differ significantly (P < 0.05) 
 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 

 

The positive effect of sourdough in bread volume has been linked to 

better gas holding capacity of gluten in acidic dough containing sourdough 
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(Gobbetti et al., 1995), solubilization of pentosans during the sourdough 

process (Corsetti et al., 2000), altered activities of endogenous enzymes due to 

utilization of sourdough and subsequent low pH (Clarke et al., 2003), and 

faster yeast fermentation in the presence of LAB (Corsetti et al., 1995). It is 

evident that St-I and St-II produced breads with better loaf volume as 

compared to St-III.  The improvement in loaf volume in breads in St-I and St-

II might be due to the ability of heterofermentative LAB for production of 

more CO2 as reported by Gobbetti et al. (1995). 

4.19.   Moisture of sourdough breads 
The statistical results for moisture content of breads prepared from 

different starter cultures given in Table 4.58 indicated that moisture content 

was differed significantly by the difference in cultures, fermentation hours 

and storage intervals. All the interactions among these three variables were 

found to be non significant for moisture content of sourdough breads. 

The results indicated that breads prepared from sour dough culture of 

St-I showed the lowest moisture content (37.13%). The breads prepared from 

St-II possessed the highest moisture content (37.98%) followed by breads 

prepared from St-III (37.98%) and control breads (37.89%). It is also evident 

from the results that non significant differences were observed for moisture 

content among breads of St-II, St-III and control yeast culture. The 

fermentation time improved the retention of moisture content of breads 

prepared from different starter cultures. It is obvious from the results that 

breads prepared by the 24 hours of fermentation time yielded the highest 

moisture content (38.32%) as compared to lower fermentation times. The 

breads prepared from 12 and 18 hours of fermentation time revealed non 

significant variations between the breads for moisture content. 
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Table 4.58.  Effect of storage on the moisture content of sourdough breads  
 
A: Means squares from Analysis of variance   
Source of variation  df SS MSS F Cal.  
Starter cultures (A) 3 35.118830 11.706277 4.307078** 
Fermentation time (B) 2 34.464444 17.232222 6.340234** 
Storage (C) 6 240.491718 48.098344 17.696774** 
A x B 6 11.589189 1.931531 0.710666NS 
A x C 18 0.027392 0.001826 0.000672NS 
B x C 12 0.026918 0.002692 0.000990NS 
A x B x C 36 0.008995 0.000300 0.000110NS 
Error 168 391.379899 2.717916  
Total 251 713.10739   
** Highly significant  
NS Non Significant 
 
B: Table of means for effect of storage on the moisture content of sourdough 
breads    
Cultures Time scale 0 Days 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs  
Control 12 Hrs 39.38 38.59 37.61 37.21 36.62 36.43 

18 Hrs 39.58 38.79 37.80 37.40 36.81 36.61 
24 Hrs 39.97 39.17 38.17 37.77 37.17 36.97 

St-I 12 Hrs 38.05 37.29 36.34 35.96 35.39 35.20 
18 Hrs 38.59 37.82 36.85 36.47 35.89 35.70 
24 Hrs 39.90 39.10 38.10 37.71 37.11 36.91 

St-II 12 Hrs 39.45 38.66 37.67 37.28 36.69 36.49 
18 Hrs 40.22 39.42 38.41 38.01 37.40 37.20 
24 Hrs 40.23 39.43 38.42 38.02 37.41 37.21 

St-III 12 Hrs 39.40 38.61 37.63 37.23 36.64 36.45 
18 Hrs 39.56 38.77 37.78 37.38 36.79 36.59 
24 Hrs 40.25 39.45 38.44 38.04 37.43 37.23 

 
C: Pooled means showing effect of starter culture   
Starter Culture Control St-I St-II St-III 
 37.89a 37.13b 38.20a 37.98a 
 
D: Pooled means showing effect of fermentation time  
Fermentation time 12 Hours 18 Hours 24 Hours 
 37.34b 37.74b 38.32a 
 
E: Pooled means showing effect of storage   
Storage 0 Days 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
 39.55a 38.76b 37.77c 37.37cd 36.78d 36.58d 
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 The breads prepared from different cultures indicated that moisture 

content of breads decreased significantly as a function of storage. The breads 

prepared fresh possessed the highest moisture content (39.55%) which 

reduced to 37.77% after 48 hours and 36.58% at the expiry of storage (120 

hours). It is also obvious from the results that moisture content decreased 

significantly upto 72 hours but beyond this storage interval the decrease in 

moisture content of breads was found to be non significant upto 120 hours of 

storage period. The results of the present study are in conformity with the 

findings of Corsetti et al. (2001) who reported that the sourdough 

fermentation influenced the moisture redistribution throughout the loaf 

during storage. 
 

4.20.   Microbiological studies of sourdough bread samples 
 

The bread samples were subjected to microbial studies for total plate 

count (TPC) and fungal growth during the storage period according to 

Cappuccino and Sherman (1996). 
 

4.20.1. Total plate count at different storage intervals in bread samples 
 

Total plate count for sourdough breads at different storage intervals is 

given in the Table 4.59. It is evident that the total plate count was the highest 

(7.1 x 107) in breads prepared from control yeast culture. However, the total 

plate count was the lowest in breads prepared from St-I (4.1 x 103) followed 

by the breads prepared from St-II (3.1 x 104) after 120 hours of storage. 

 The microbiological analysis of breads at different storage intervals 

showed that the microbial loads increased with the increase of time in all the 

starter cultures on overall basis ranging from 1.8 x 101 CFU/g to 7.1 x 107 

CFU/g. The total plate count ranged from 2.7×102 to 7.1×107 for the control, 

1.8×101 to 8.1×103 for the St-I, 4.0×101 to 4.3×104 for the St-II, 5.4×101 to 9.0×105 

for the breads produced from St-III. The breads produced with the addition of 

heterofermentative starter cultures (St-I and St-II) showed resistance against 

the growth of the contaminating   microorganisms.  The results of the present 

study are in agreement with the findings 
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Table. 4.59.  Total colony count (CFU/g) at different storage intervals in 

breads  

Cultures Time scale 0 Days 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs  

Control 

12 Hrs 3.2×10
2 

5.2×10
3 

3.4×10
4 

3.7×10
5 

4.6×10
7 

4.9×107

18 Hrs 2.7×10
2 

8.0×10
3 

2.7×10
4 

2.9×10
6 

3.3×10
6 

3.2×107

24 Hrs 4.0×10
2 

2.6×10
4 

6.7×10
5 

6.4×10
6 

7.0×10
7 

7.1×107

St-I 

12 Hrs - 6.2×10
2 

4.0×10
2 

7.5×10
3 

8.1×10
3 

8.0×103

18 Hrs - 1.8×10
1 

2.3×10
2 

5.1×10
3 

5.6×10
3 

5.7×103

24 Hrs - 5.4×10
1 

1.1×10
2 

3.4×10
3 

3.9×10
3 

4.1×103

St-II 

12 Hrs - 6.2×10
2 

4.8×10
3 

7.2×10
3 

3.9×10
4 

4.3×104

18 Hrs - 5.3×10
2 

3.7×10
2 

6.4×10
3 

2.5×10
4 

3.1×104

24 Hrs - 4.0×10
1 

2.6×10
2 

5.5×10
3 

2.1×10
4 

2.8×104

St-III 

12 Hrs 6.9×10
1 

4.2×10
2 

6.3×10
3 

8.6×10
4 

8.9×10
5 

9.0×105

18 Hrs 5.5×10
1 

7.7×10
2 

3.6×10
3 

5.4×10
4 

6.1×10
4 

6.0×105

24 Hrs 5.4×10
1 

3.8×10
2 

1.4×10
3 

3.9×10
4 

4.4×10
4 

5.0×105

 

 

Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 
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of Al-Mohizea et al. (1987) who stated that the initial microbial loads, 

immediately after baking were found to be low, mainly because of the higher 

oven temperature and thin layer of dough. The microbial load of the air and 

relative humidity inside the package played a major role in bread spoilage. 

The results of present study are in line with the study of Latif et al. (1996) who 

reported that during the storage of bread, microbial load increases with the 

passage of time. However the present study suggested that the use of 

heterofermentative LAB cultures St-I and St-II exhibited lower TPC indicating 

resistance against the growth of microorganisms. 

 
4.20.2. Fungus colony count at different storage intervals in bread samples 

Fungal count for sourdough breads at different storage intervals is 

given in the Table 4.60. The results indicated that the fungal count was the 

highest (7.9 x 107) in breads prepared from control (yeasted preferment). 

However, the fungal count was the lowest in breads prepared with the 

addition of St-I (4.1 x 103) followed by breads prepared by the addition of St-II 

(3.1 x 104) even after 120 hours of storage. 

 The microbiological analysis of breads at different storage intervals 

showed that the microbial load increased by the increase in storage period in 

the breads produced with the addition of all starter cultures ranging from 2.8 

×101 CFU/g to 7.9×107 CFU/g. The fungal count ranged from 4.1×102 to 

7.9×107 for the control, 3.3×102 to 5.7×103 for the St-I, 2.8×101 to 6.2×103 for the 

St-II, 4.5×101 to 3.1×105 for the breads produced from the addition of St-III. 

The breads produced by the addition of heterofermentative starter cultures 

(St-I and St-II) showed more resistance against the growth of molds than 
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homofermentative starter culture (St- III). The antifungal phenomenon might 

be due to the production of organic acids by lactic acid starter culture during 

sourdough fermentation (Rocken , 1996). 
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Table 4.60. Total fungal count (CFU/g) at different storage intervals in 

breads  

 
 
 
Control = Saccharomyces cerevisiae 
St-I   = Lactobacillus brevis 
St-II   = Lactobacillus fermentum 
St-III   = Lactobacillus plantarum 

 

 

 

 

Cultures Time scale 0 Days 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs  

Control 

12 Hrs 4.1×10
2 

1.6×10
3 

8.8×10
4 

3.1×10
5 

4.6×10
6 

5.5×107

18 Hrs 9.6×10
2 

2.9×10
3 

2.7×10
4 

5.7×10
5 

3.8×10
6 

4.3×107

24 Hrs 5.5×10
2 

4.4×10
3 

5.6×10
4 

3.9×10
5 

7.7×10
6 

7.9×107

St-I 

12 Hrs - - - - 6.4×10
2 

5.7×103

18 Hrs - - - - 4.1×10
2 

4.2×103

24 Hrs - - - - 3.3×10
2 

3.2×103

St-II 

12 Hrs - - - 7.3×10
1 

5.0×10
2 

6.2×103

18 Hrs - - - 4.4×10
1 

3.5×10
2 

4.5×103

24 Hrs - - - 2.8×10
1 

2.1×10
2 

4.2×103

St-III 

12 Hrs - - 8.1×10
1 

6.6×10
3 

5.2×10
4 

3.1×105

18 Hrs - - 6.4×10
1 

4.5×10
3 

3.4×10
4 

2.7×105

24 Hrs - - 4.5×10
1 

2.9×10
3 

2.9×10
4 

1.6×105
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CHAPTER-V 

SUMMARY 

 
 

The cereals are grown over 73% of the total world harvested area and 

contribute over 60% of the world food production providing dietary fiber, 

proteins, energy, minerals and vitamins required for human health. Wheat is 

the most important cereal grains used in bread making. The lactic acid 

fermentation of cereals is known since long and is being used in Asia and 

Africa for the production of different foods. The fermented foods have been 

described as palatable and wholesome foods. The fermentation depends on 

the oxidation of carbohydrates and related derivatives to generate end-

products such as acids, alcohol and carbon dioxide which contribute towards 

aroma and preservation of the product. The microorganisms, by virtue of 

potential for their metabolic activities, contribute to the development of 

characteristic properties like taste, aroma, appearance, texture, shelf life and 

to the product safety.  

Keeping in view all benefits of the sourdough technology this study 

was planned to isolate the starter cultures and optimize the processing 

conditions like temperature and time for the production of sourdough bread. 

The starter cultures (Lactobacillus brevis, Lactobacillus fermentum and 

Lactobacillus plantarum) were isolated from the laboratory fermented 

sourdoughs and further characterized on the basis of their morphological, 

physiological and biochemical characteristics. The characterized strains were 

used for the production of sourdough and ultimately for the sourdough 

bread. The breads prepared from different starter cultures with varying 

fermentation time were analyzed for the acidification, sensoric characteristics, 

microbiological and shelf life to explore the potential of sourdough 

technology.  
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The microbiological analysis of the laboratory fermented sourdoughs 

showed the presence of a variety of microorganisms including lactic acid 

bacteria (LAB), yeast and the coliform ranging from 6.24×104 to 6.92×107, 

6.35×103 to 7.95×107 and 3.47×101 to 1.67×104, respectively. The isolates were 

identified as Lb. brevis (46%), Lb. plantarum (24%) and Lb. fermentum (8 %) with 

an overall 54% of the heterofermentative isolates. The S. cerevisiae was the 

only yeast species isolated from the laboratory fermented sourdoughs. 

The acidification in the sourdough is exhibited by the pH and total 

titratable acidity (TTA). The pH of the sourdoughs prepared from different 

starter cultures varied significantly due to variation in fermentation time. The 

pH ranged from 3.80 to 5.56 among different starter cultures. The pH of 

sourdoughs increased significantly from 6.1 to 3.53 with increasing the 

fermentation time upto 24 hours.  The starter cultures efficiently decreased 

pH of the sourdoughs. The maximum decrease in pH was exhibited in 

sourdough prepared from Lb. brevis (St-I). The TTA value varied significantly 

due to differences in starter cultures and fermentation time. The TTA value 

ranged from 2.40 to 10.30 among the starter cultures during different 

fermentation times. The TTA increased significantly from 6.38 to 7.90 during 

different fermentation periods. The highest TTA was recorded in the 

sourdough made from the Lb. brevis (St-I) after 24 hours of fermentation time. 

The lactic and acetic acid of the sourdoughs was affected significantly 

by the starter cultures as well as fermentation time. However, the control 

culture (S. cerevisiae) failed to produce these acids. The lactic acid increased 

significantly from 0.25 to 0.51 g/100g among sourdoughs prepared from 

different starter cultures with the increase in fermentation time. The Lb. brevis 

(St-III) yielded the highest content of lactic acid as compared to other starter 

cultures. The content of acetic acid in the sourdoughs prepared from different 

starter cultures ranged from 0.07 to 0.14 g/100g during different fermentation 

times. The sourdoughs prepared from control culture (S. cerevisiae) and St-III 

(Lb. plantarum) did not produce the acetic acid. 
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The yield of sugars i.e. maltose, glucose and fructose in sourdoughs 

varied significantly due to differences in starter cultures as well as 

fermentation time. The maltose content ranged from 1.60 g/100g to 2.50 

g/100g among sourdough of different starter cultures during different 

fermentation times. The highest maltose content (2.23 g/100g) was exhibited 

by the St-I (Lb. brevis) followed by St-III (Lb. plantarum). However, the 

sourdoughs prepared from St-II (Lb. fermentum) and control (S. cerevisiae) 

showed lower but statistically similar maltose contents. The glucose content 

in sourdoughs ranged from 0.15 g/100g to 0.43 g/100g among different 

starter culture sourdoughs during different fermentation times. The control 

starter culture (S. cerevisiae) produced the highest content of glucose (0.43 

g/100g) as compared to other LAB starter cultures. The fructose content 

ranged significantly from 0.11 g/100g to 0.41 g/100g among sourdough 

starter cultures during different fermentation times. Significantly the lowest 

content of fructose was yielded by control culture (S. cerevisiae) as compared 

to other LAB starter cultures. The sourdoughs prepared from St-I (Lb. brevis) 

yielded significantly the highest fructose content followed by the sourdoughs 

prepared from St-II (Lb. fermentum) and St-III (Lb. plantarum). 

The essential amino acids content in the sourdoughs differed 

significantly by the differences in the starter cultures as well as fermentation 

times. The essential amino acids were found significantly higher in 

sourdoughs containing LAB starter cultures (Lb. brevis, Lb. fermentum, Lb. 

plantarum)  as compared to the sourdough prepared from control starter 

culture (S. cerevisiae). The content of essential amino acids in sourdoughs 

increased significantly by increasing the fermentation time. The essential 

amino acids content was found significantly the highest in sourdoughs 

produced from St-I (Lb. brevis) after 24 hours of fermentation time. The 

production of methionine, lysine and valine did not differ significantly 

between sourdoughs prepared from St-II (Lb. fermentum) and St-III (Lb. 

plantarum) after 24 hours of fermentation time. Similarly sourdoughs from St-



 xlii

I and St-II did not show significant variation for the production of leucine and 

isoleucine contents after 24 hours of fermentation time. LAB starter cultures 

yielded significantly the highest contents of all amino acids as compared to 

the starter culture containing yeast. 

The major volatile compounds (1-propanol, 2-methyl-1-propanol, 2/3-

methyl-1-butanol, 1-hexanol, hexanal, octanal, ethyl acetate and diacetyl) in 

the sourdoughs prepared from different starter cultures varied significantly 

during different fermentation times. The compounds (1-propanol, 2-methyl-1-

propanol and 2/3-methyl-1-butanol) were only produced by the sourdoughs 

prepared from control yeast culture and the LAB starter cultures failed to 

produce these volatile compounds. The content of 1-hexanol was found the 

highest in sourdoughs prepared from St-III (Lb. plantarum) followed by St-I 

(Lb. brevis) while the lowest production of 1-hexanol content was observed in 

the sourdough prepared from St-II (Lb. fermentum). The sourdough containing 

control yeast culture (S. cerevisiae) did not produce 1-hexanol. The sourdough 

produced from St-III yielded maximum production of hexanal content 

followed by St-I. The lowest hexanal content was produced by the sourdough 

prepared from St-II. The control sourdough made from yeast culture failed to 

produce hexanal. The sourdoughs prepared from St-III showed maximum 

yield of octanal content followed by St-I while the lowest content of octanal 

was found in the sourdough produced from control yeast culture. The 

sourdough produced from St-II showed maximum production of ethyl 

acetate content followed by St-I. The sourdough produced from St-III yielded 

the lowest content of ethyl acetate as compared to other LAB starter cultures. 

The sourdoughs produced from St-III yielded maximum diacetyl content 

followed by the control yeast culture. The St-I and St-II failed to produce any 

diacetyl content. 

The pH and TTA varied significantly among the breads prepared from 

different starter cultures during different fermentation periods and pH 

ranged from 3.80 to 6.10 and TTA from 2.20 to 8.90, respectively. The highest 

pH was found in the breads produced from the control yeast culture followed 

by St-III (Lb. plantarum). There was a significant decrease in pH in the bread 
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produced from St-I (Lb. brevis) as compared to control yeast culture (S. 

cerevisiae) bread. The bread prepared from the control yeast culture (S. 

cerevisiae) showed the lowest content of TTA as compared to the breads 

prepared from other LAB starter cultures. The bread prepared from St-I (Lb. 

brevis) yielded significantly the highest content of TTA followed by St-II (Lb. 

fermentum) and starter-III (Lb. plantarum).  

The breads prepared from different starter cultures during different 

fermentation times were judged by a panel of judges for various external and 

internal parameters. The scores assigned to loaf volume, crust color, crust 

character varied significantly due to addition of different starter cultures, 

whereas scores given to symmetry of form, and evenness of bake did not 

differ significantly due to different starter cultures. The scores assigned to 

internal characteristics of bread such as grain, crumb color, aroma, 

mastication, texture and taste also differed significantly by the incorporation 

of different starter cultures. The fermentation periods did not show a 

significant effect on the scores assigned to the external and internal 

characteristics of different sourdough breads. The scores assigned to overall 

acceptability of breads ranged from 63.72 to 74.44 among the breads prepared 

from different starter cultures during varying fermentation time. The 

maximum scores were assigned to the breads prepared from St-I (Lb. brevis) 

followed by the control yeast culture (S. cerevisiae) breads. However, the 

lowest scores for the overall acceptability were assigned to the breads 

prepared from St-II (Lb. fermentum) and St-III (Lb. plantarum) with statistically 

similar scores. 

The moisture content in breads varied significantly by the difference in 

starter cultures, fermentation times and storage intervals. The breads 

prepared form St-I contained the lowest moisture content. However, there 

were non significant differences for moisture content among the breads 

prepared from St-II, St-III and control yeast culture. The fermentation time 

improved the retention of moisture content of breads prepared from different 

starter cultures. The breads prepared after 24 hours fermentation time yielded 

the highest moisture content as compared to other fermentation times. The 
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moisture content of breads decreased significantly as a function of storage 

upto 72 hours but beyond this storage interval upto 120 hours, the decrease in 

moisture content of breads was found to be non significant.  

The highest total plate count (TPC) and fungal count were recorded in 

breads prepared from control yeast culture. The lowest level of these were 

found in breads prepared from St-I (Lb. brevis) followed by breads prepared 

from St-II (Lb. fermentum) after 120 hours of storage period. The 

microbiological analysis of breads at different storage intervals showed that 

the microbial loads increased with the increase of storage time of all the 

starter culture breads ranging from 1.8 x 101 to 7.1 x 107 CFU/g and 2.8 ×101 

CFU/g to 7.9×107 CFU/g for TPC and fungal count, respectively. The breads 

prepared from heterofermentative starter cultures (St-I and St-II) showed 

resistance against the growth of the contaminating microorganisms. 

The results of this study indicated that different species of genus 

Lactobacillus could be isolated from the spontaneously fermentated wheat 

sourdough. The individual LAB strains isolated in the present study were 

capable to produce a characteristic fermentation to be used as starter culture 

in the leavend bread making process. The acidification and organic acid 

production during sourdough fermentation were dependent on the 

individual strains resulting in the acidity of the final breads. The observed 

variation in the contents of different compounds (organic acids, amino acids, 

volatile compounds) was the result of the balance between enzymatic 

activities of the flour and microflora and the consumption by these 

microorganisms. The sourdough addition at the rate of 20% in bread dough 

improved the taste, texture and shelf life of the resulting breads on overall 

basis. The sourdough produced from St-I (Lb. brevis) yielded breads with 

superior quality. 

 

 

 

CONCLUSIONS 
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The following conclusions are drawn from the present study as given 

below: 

• The spontaneously fermented sourdough could be used for the 

isolation of Starter cultures (Lb. brevis, Lb. fermentum, Lb. plantarum) 

which can be used for cereal fermentations. The sourdoughs contained 

both homo and heterofermentative lactobacilli in coexistence to impart 

the particular characteristics during fermentation.  

• The individual LAB strains (homo and heterofermentative) isolated in 

the present study produced a characteristic fermentation during bread 

making process yielding bread with suitable qualities. 

• The pH and TTA were significantly affected by the addition of 

sourdough prepared from isolated starters as compared to control 

yeast culture. 

• The sourdoughs produced by the incorporation of lactobacilli were 

found acceptable with respect to the production of different end 

products i.e. production of organic acids, amino acids and volatile 

compounds which were higher than control yeast culture sourdough.  

• The incorporation of sourdough prepared from the isolated lactobacilli 

was found acceptable with respect to physical, chemical and sensoric 

attributes of the breads as compared to control bread. 

• The breads produced with the addition of the isolated lactobacilli (Lb. 

brevis, Lb. fermentum, Lb. plantarum) were found to be superior with 

respect to the bread produced from control starter culture (S. cerevisiae) 

characteristics with special reference to taste, texture and shelf life. The 

sourdough produced from St-I (Lb. brevis) yielded superior bread. 

 

 

RECOMMENDATIONS 
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• The benefits of sourdough incorporation in the bread production 

demand that sourdough technology should be used on commercial 

scale production of bakery products to improve the quality of bread in 

Pakistan.  

• The use of indigenously isolated strains should be promoted for the 

production of value added products. It will result in the superior 

quality final product as well as contribute to the economy of the 

country. 

• The breads prepared from sourdough should be included in the 

dietary plan to reduce the possibility of deficiency diseases through the 

improvement of essential amino acids profile.  

Further research is needed to isolate and characterize various genera of 

LAB to explore the different biotechnological products of cereal for the 

improved and their efficient utilization. 
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APPENDIX I 
 

G +ve bacteria
Bacilli

Corynbacterium spp.
Lactobacillus spp.

Spore formation

( + )                                                   ( - ) 
Bacillus spp.                                                 Corynbacterium spp.

Lactobacillus spp.

Catalase

( + )                            ( - )
Corynbacterium spp.                             Lactobacillus spp.

( A/G ) glucose ( A )

L. brevis                            L.plantarum
L. fermentum

 
 
 

Scheme of isolation of lactobacilli (Cappuccino and Sherman, 1996) 
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APPENDIX II 

Flour

Sourdough

Bread dough

Final dough

Bread

Water, starter

Flour, water, salt

Baker’s yeast

Fermentation

Baking

 
 

Scheme of sourdough bread production (Hansen, A. and P. Schieberle 2005) 
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APPENDIX III 
 

 
 
Potential of sourdough to modify cereal bioactivity (Katina et al., 2005) 
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APPENDIX IV 
 
PERFORMA FOR SENSORY EVALUATION OF BREAD 

 
 

 
 

Name of judge _____________________  Date ______________ 
 

Signature  _____________________ 
 

Bread characteristics Max. 
score T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

A. external characteristics 

Volume 10           

Color of crust  8           

Symmetry of form  3           

Evenness of bake  3          

Character of crust 3           

Break and shread 3           

Sub-total A 30           

B. Internal Characteristics 

Grain 10           

Crumb color 10           

Aroma 10           

Taste 15           

Mastication  10           

Texture  15           

Sub-total B 70           

Grand Total (A+B) 100           


