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Foods containing high amounts of either phytic acid or gliadin can pose a risk for 

development of iron deficiency and celiac disease, respectively. Gluten intolerance is one of 

the food related disorders which is very common in Occidentals, but now it is also prevailing 

in Orientals. Wheat is the staple food of Pakistan and mainly consumed in form of Roti (flat 

bread) and Khamiri Roti /Nan (autochthonously fermented sourdough bread). Celiac disease 

and/or gluten sensitivity also poses irritable bowel syndrome (IBS) in human and other 

metabolic disorders and is mounting in Pakistani population. Recently, it has been reported 

that 20-30% of world is suffering from IBS, and gluten consumption is considered as the 

main triggering factor. 

In first phase, in total, sixty locally fermented sourdough samples were collected from 

various cities of Pakistan. Degree of gliadin degradation was determined by Fourier 

transform infrared spectroscopy (FT-IR), and gliadin degraded sample (D13) and non-

degraded sample (D50) were selected based on agglomerative hierarchical clustering 

(Pearson correlation coefficient) and afterwards subjected to 16S rDNA gene-based 

sequence. Proteobacteria (50.65%) and Actinobacteria (6.70%) phyla were abundant as 

compared to Firmicutes (42.53%) in D13, while Firmicutes (83.44) were abundant in D50 

than Proteobacteria (14.97 %). Lactobacillus genera was the core genera in D50 and D13, 

52.13 and 33.73%, respectively. However, second most abundant genera in D50 and D13 

was Weissella (27.15%) and Psychrobacter (21.53%), respectively. Shannon and Simpson 

indices indicated that D13 had comparatively more diversity to D50. The natural occurring 

complex bacterial community has potential to completely degrade gliadin.  

In second phase, gliadin degraded microbial strains were isolated from D13, and afterwards 

subjected to probiotic characteristics and phytic acid. Among seven gliadin-degrad ing 

bacterial strains, five were Enterococcus and two were Bacillus, while three gliad in-

degrading yeast strains were identified as Wickerhamomyces anomalus. Among all these 

strains E. mundtii QAUSD01 and W. anomalus QAUWA03 had revealed significant in vitro 

resistance, survival-ability, adhesion, and colonization in simulated gut conditions. These 

two strains had potential to synchronously degrade phytic acid and gliadin. These strains can 

be used in wheat dough fermentations. 



x 
 

Finally, E. mundtii QAUSD01 and W. anomalus QAUWA03 were used, separately and 

consortia, in the fermentation of six commonly grown wheat cultivars of Pakistan (Lasani 

2008, Seher 2006, Chakwal 97, Shafaq 2006, Bars 2009, Barani 83). Commercial baker’s 

yeast mediated fermentation and unfermented controls were also used for comparison. 

Gliadin and phytic acid degradation were determined by HPLC and GC-MS analys is, 

respectively. In addition, tight junction proteins, trans-epithelial resistance (TER) and ruffle 

formation in Caco-2 cells was evaluated. Phytic acid was completely degraded in all 

consortia fermented wheat cultivars, while maximum gliadin degradation was observed in 

consortia fermentation of Shafaq 2006. Relative to the other tested wheat cultivars, Lasani 

2006 showed minimal toxic effects on Caco-2 cells in terms of ruffle formation, tight 

junction proteins and TER values. The breakdown of phytic acid and gliadin could lead to 

additional health benefits by enhancing minerals bio-availability. 
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Wheat flour comprises of the most crucial ingredients and is an excellent exogenous source 

of amino acids, trace elements, dietary fiber, carbohydrates and vitamins (Zahedi et al., 

2010). It is present in many bakery products, such as pasta, pizza, pastries and cakes. 

Alternatively, wheat is also considered as a major cause of frequent health related and diet 

induced problems (Bourekoua et al., 2016). Celiac sprue is a disorder wherein genetically 

susceptible individual are sensitive to gluten proteins present in several renowned cereals. 

The only cure for celiac disease is a gluten-free diet (Qiao et al., 2004). This has raised a 

significant number of researches toward such food products which are not only responsible 

to fulfill satiety but also a panacea for such disorders. Patients and consumers are despondent 

with unpleasant medication in order to cure their disease which sometimes discourages them 

since these medication may have certain undesirable side effects (Arendt et al., 2007). Many 

techniques have been utilized to deal with gluten intolerance, among them sourdough is 

ultimately multifaceted procedure for celiac patients (Iravani et al., 2015; Moore, 2014). The 

convention to use LAB (Lactic acid bacteria) has been considered in order to  hydrolyze the 

allergenic proteins during the sourdough fermentation of bakery items (Carlo G. Rizzello et 

al., 2007; Zannini et al., 2012).  

Moreover, the impact of microbiota on extending shelf-life (Moura et al., 2008) and 

improving  (Day et al., 2006) volume and texture of bakery products is an additional benefit 

(Gallagher et al., 2004; Arendt et al., 2011). The use of several combinations of lactic acid 

bacteria and yeast in sourdough (Gobbetti et al., 2014), around the last decade, have shown 

an enormous ability regarding the reduction of toxic content of gluten present in food 

products (Loponen et al., 2007; M’hir et al., 2008). 

Celiac disease (CD) results from a combination of gluten exposure and genetic factors (HLA; 

Human Leucocyte Antigen) and this disorder appears to be exacerbating with increasing 

numbers of sufferers (Dowd and Jung, 2017; Green et al., 2015). It is more prevalent in 

Europe and North America than in Indonesia, South Korea, Philippines and many smaller 

Pacific islands where it is rare, which is likely due to low wheat consumption together with 

a low frequency of HLA-DQB1*02 (Jacobsson et al., 2017). In South-East Asia, HLA-

DQB1*02 has been noted to be present in more than 5 % of the population but CD is rare, 
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as staple diets are based on rice. In contrast, prevalence rates of CD in Pakistan are similar 

to those observed in Europe, which is probably due to high dependency on gluten-based 

diets as wheat is a food staple in Pakistan. To date, the only treatment for CD patients is a 

lifelong gluten-free diet (Gujral et al., 2012). Several food technological techniques have 

been attempted to lower gluten levels in wheat products including sourdough fermentat ion 

(Moore and Gainer, 2014). Sourdough is a leavening agent and is traditionally obtained via 

a back-slopping procedure (Gänzle et al., 1998; Nionelli and Rizzello, 2016). Nowadays, 

novel biotechnological procedures have been adopted industrially to shorten the sourdough 

fermentation process such as the use of lactic acid bacteria and type II sourdough 

fermentation (Corsetti et al., 1998; Rinaldi et al., 2015). The use of lactic acid bacteria in 

sourdough fermentation improves the structure of bread, enhances the nutritional and 

organoleptic qualities of the ingredients, increases uptake of essential minerals and bioactive 

compounds and can also improve the glycemic response (Minervini et al., 2015; Ventimiglia 

et al., 2015). Among the various factors that affect the fermentation process, the most 

important are the nature of the microbes, type of flour, environment, modality of sourdough 

proliferation and fermentation parameters (Minervini et al., 2016). In particular, the 

appropriate selection of starter culture is important to enhance the potential of the flour. In 

that regard, industrial starter cultures usage for fermentation have been restricted due to their 

limited capability to exploit the potential of various flour matrices (Coda et al., 2010).  

In addition to the gut health-related issues of gliadin in wheat, the presence of the anti-

nutritional factor phytic acid in wheat-based cereals is also problematic. Excessive intake of 

unleavened bread containing a high phytic acid content has been consistently related to an 

increased risk of various trace mineral deficiencies (Sarwar Gilani et al., 2012). Intake of 

wheat flour with a high phytic acid content is associated with chelation of important essential 

trace minerals such as iron, zinc and copper that decreases significantly their bioavailabi lity 

(Hwalla et al., 2017). Iron deficiency is one of the prevailing nutrient deficiencies worldwide 

with reports of 800 million people suffering from this condition, particularly pregnant 

women and infants (McLean et al., 2009). Developing economies appear to be more 

vulnerable to iron deficiency. For example, approximately 50 % of non-pregnant women in 

Pakistan have been indicated to be iron deficient (Ullah et al., 2016). High intake of phytic 
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acid in cereal-based diets is one of the major risk factors for iron deficiency in developing 

countries (Qamar et al., 2015). Whole grain cereals contain higher phytate content as 

compared to refined flours; however, whole grain products contain a significantly higher 

content of phytonutrients with health promoting benefits as compared refined cereal flours 

(Parmar et al., 2017). 

Pakistan is well known for its vast production and consumption of cereal grains (Zuberi et 

al., 2016). Wheat production (2016) in Pakistan was about 26 million tons and annual cereal 

production is increasing rapidly as an increase of 3% in production was recorded in 2015 

(FAO, 2016). Pakistan is leading country for wheat consumption with a consumption rate of 

24 million tons per year (USDA, 2016). Production of baked goods in Pakistan is increasing 

due to the improvement in national economic environment (Anjum et al., 2005). The most 

common food staple of Pakistan is wheat-based bread (Briones Alonso and Swinnen, 2016; 

Khan, 2014). Baker’s yeast is used for making bread at artisanal and industrial level as there 

is seldom production of baked goods involving sourdough fermentation in Pakistan. 

Sourdough is an important fermentation of cereals applied in the production of different 

cereal food products i.e. breads, biscuits, cakes and crackers. The composition of the 

microbial community in sourdough is determined by multitude of ecological factors, among 

which the most important are the environmental factors, characteristics of the technology, 

the type and physico-chemical composition of raw material, process parameters 

(temperature, pH, ratio of mixing flour and water), and the duration of the fermentat ion 

process (De Vuyst et al., 2009) 

Sourdoughs are grouped into three distinctive classes based on the applied manufactur ing 

technology. Type I sourdoughs are manufactured with traditional method. Type II 

sourdoughs are prepared by long fermentation times and with semi-fluid silo as starters. 

Type III sourdoughs are consist of dried starters of lactic acid bacteria (LAB) and yeast (De 

Vuyst and Vancanneyt 2007). Pakistani traditional wheat sourdoughs (Khamir) belong to 

type I, produced with traditional method and characterized by daily propagations at room 

temperature. Staple food of Pakistan is wheat which commonly used for making Chapati, 
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Khamiri roti and other bakery products. Pakistani population mainly depend on Chapati and 

Khamiri roti (Sourdough bread) which comprises 50-60% of their diet. It is produced by the 

spontaneous fermentation of wheat flour. Because of their regional depending 

manufacturing, these are vast source of diverse LAB and yeast species (Sakandar et al., 

2018). Studies on the composition of the microflora of the spontaneously fermented 

sourdough show that LAB are the dominant group of bacteria while Saccharomyces 

cerevisiae was most abundant yeast present in sourdough (Corsetti and Settanni 2007; De 

Vuyst and Neysens 2005). Some microbial analysis of sourdough revealed the abundance of 

Enterococcus species of LAB and Wickerhamomyces anomalus yeast species in Pakistani 

sourdough samples (Khamir) (Sakandar et al., 2018). W. anomalus is also most abundant 

yeast specie in Belgian sourdoughs (Daniel et al., 2011). 

As it is observed that many ecological factors i.e. ionic strength, temperature and microbia l 

products effect the yield and growth rate of microorganisms. Microorganisms from 

spontaneously fermented traditional sourdoughs cannot be thoroughly identified by 

cultivation-dependent method, which could under-characterize the diversity of micro-

organism (Nionelli et al., 2018). However, to analyze microbial diversity of sourdough, 

various molecular methods are already in use (Corsetti et al., 2003). These analyses revealed 

a huge diversity in bacterial community among various sourdough samples i.e. Chinese 

sourdough, Chinese steamed dough and Belgian sourdough.  

Wheat is staple food in many countries especially Asia and Africa but high and early age 

consumption of it causes risk of celiac disease and minerals deficiency due to high 

consumption of phytic acid (antinutritional factor). Currently it is also revealed that fifty 

percent of Irritable Bowel Syndrome (IBS) is caused by the gluten intake and prevalence of 

IBS around the world is 20-30 %. Celiac disease is prevalent in Europe but currently it is 

also exacerbating in Asia. So present study was designed to use the naturally occurring 

microbiota having adaptation in sourdough ecosystem for gliadin degradation and phytic 

acid detoxification, their application in fermentation of six highly consumed wheat cultiva rs 

in Pakistan, invitro analysis of gliadin and phytic acid degradation in wheat cultiva rs 
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fermentation, and the evaluation of reduction in gliadin toxicity on intestinal Caco-2 cell 

monolayers models. 

Objectives 

• To study the impact of microbial diversity on gliadin degradation in a autochthonous ly 

fermented sour dough (Khamir). 

• To isolate and characterize the gliadin and phytic acid degrading microbiota from 

sourdough sample (Khamir) showing gliadin degradation.  

• To apply the selected microbial strains for synchronous gliadin and phytic acid in wheat 

dough fermentation. 
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Sourdough bread: a contemporary cereal fermented product 

2.1. Cereals 

Cereals are defined in various ways including as “members of gramineae family, which is 

grown for its edible purposes”. It is believed that cereals were cultivated circa 700 BC,  as 

this practice was adopted by humans for their survival, presently, more than thirty types of 

cereals such as wheat, barley, rice, rye, maize, amaranth and millet are grown and consumed 

worldwide in various forms to fulfill the energy and nutrient requirements of populations (El 

Sheikha, 2016b). Recent research has also indicated that various types of cereals can have 

functional food benefits and could also have added health properties generated via 

fermentative processes. A multitude of fermented products are produced from cereals, which 

are known by different names in different countries (El Sheikha, 2016a; Mildner-Szkud la rz 

and Bajerska, 2016). This review has comprehensive note on fermentation of wheat from 

Pakistani perspective, antinutritional factors pros and cons, allergic compounds in wheat and 

their degradation by fermentation and various other methods to improve nutritional value 

and quality. 

2.1.1. Wheat (Triticum aestivum) 

Wheat (Triticum aestivum) is one of the most consumed cereals in the world and is also an 

important cash crop for farmers and governments. It is member of the Triticum genus, which 

has plenty of species. Some countries such as China, USA and Russia produce the highest 

quantity of wheat. In Pakistan, wheat ranks first in terms of production and consumption, 

followed by rice and cotton (Anjum and Walker, 1991; Sakandar et al., 2018). According to 

the estimates by United States Department of Agriculture (USDA) worldwide wheat 

production was projected at 721.55 million tons in 2015-16. Wheat is considered as a readily 

accessible and inexpensive food staple for the provision of calories, protein and carbohydrate 

in myriad of developing countries, which lack access to animal protein sources. In order to 

produce flour, wheat grains are processed into bread via an intermediate dough making stage. 

Some common examples of foods prepared by wheat are crackers, bread, cakes, pasta, 

muffins and bagels (Kang et al., 2012). In addition, fermentation of wheat by yeast 

(Saccharomyces cerevisiae) and lactic acid-producing bacteria is an age-old 
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biotechnological procedure that dates back to ancient Egyptian history. In ancient times, 

however, spontaneous fermentation was the sole approach for fermentation to activate 

naturally-occurring microbiota (Lopez et al., 2003). Presently, almost eighty percent of the 

daily diet in many developing countries consists of wheat products in various forms such as 

chapatti, bread, pizza, biscuits, cakes and other bakery products (Rosenfelder et al., 2013). 

2.2. Nutritional importance of wheat 

Cereals provide not only basic dietary components, but some cereals could also improve 

human health via their functional food attributes. Epidemiological findings have suggested 

that cereals may help to combat various prevailing metabolic disorders, i.e. diabetes, various 

cancers, cardiovascular diseases and obesity (Rosa-Sibakov et al., 2015). Food products 

produced by the process of fermentation could impact consumer health by providing 

additional health benefits in addition to improved texture, flavor and aroma. These fermented 

food products include vinegar, alcoholic beverages, sausages, pickles, yoghurts, various 

cheeses, and sourdough breads. Nowadays, fermented dough bread is reaching at its pinnacle 

in Europe due to its astonishing attributes such as positive health effects and fascinat ing 

natural taste (Poutanen et al., 2009). 

Wheat is one of the renowned cereal which has attractive properties related to protein 

composition and its role in baking products. It also has high concentrations of minerals and 

vitamins which has positive health effects on entire flour consumers as compared to refined 

form of flour which has reduced amount of essential minerals and vitamins (Tuncel et al., 

2014). Whole grains start with 100% of the nutrients. Refining wheat flour removes the bran 

and germ, decreasing essential micronutrients to levels ranging from 8% (Vitamin E) to 59% 

(Folate) of the level naturally occurring in whole wheat. Enriching wheat flour adds back 

five of these nutrients, in amounts different from their levels in whole grain flour, as shown 

by the bars in Figure 1. All other nutrients in enriched flour stay at the levels. Different 

vitamins and minerals percentage comparison to whole wheat flour and refined flour are 

given in Figure 1. It is also depicted that how much percent of nutrients are enriched in flour. 

Wheat is found to be a rich source of phosphorous, selenium, magnesium and manganese. It 

can also possess nutritionally significant amounts of iron, zinc, copper and potassium. Based 
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on total dry mass, wheat grain can have a protein content ranging between 10-18%. 

According to their solubility properties, wheat proteins are categorized into four types: 

albumins; water soluble, globulins; salt soluble, gliadins; soluble in ethanol and glutenins ; 

soluble in acid and base solutions. Gliadins and glutenins are the two major protein 

components of gluten found in wheat and other grains such as rye, oat and barley (Šramková 

et al., 2009). The major storage form of energy in cereals is starch. Starch is a glucose 

polymer of two major distinguishable types in the form of amylose and amylopectin (Konik-

Rose et al., 2007). On dry matter basis, wheat grain contains a starch content that ranges 

from 60-75%. 

Fiber can be defined as “carbohydrates that are not hydrolyzed or absorbed in the upper part 

of the gastrointestinal tract”. As heterogeneous groups of compounds with unique and 

overlapping functions, dietary fibers optimize health and provide the best outcomes when 

they complement and augment each other it has beneficial effect on human health by 

boosting fecal weight and transit time, both are the indicators of intestinal health (Jones 

2013). Various studies suggested, consumption of fiber protects against many diseases i.e. 

cancer, cardiovascular and diverticular diseases and regulation of metabolism (Rave et al., 

2008). It is recommended for consumers in USA and Europe to fulfill their daily 

requirements of fiber to keep intestinal tract healthy from various sources. Wheat is one of 

the major and cheap source to fulfill the requirement of fiber (Anudeep et al., 2016). 

Major source of fiber in wheat is its bran which consists of two types of fiber; soluble and 

insoluble fiber. Water soluble fiber in wheat is mainly consist of hemicellulose fraction. This 

type of fiber enhances glucose tolerance and decreases plasma lipids (Yan et al., 2015). 

Vitamin B6, thiamine, riboflavin, niacin, pantothenic acid, vitamin B12 and folate are 

present in wheat. In addition to that wheat also contains small, yet significant amounts of 

vitamin K and vitamin E (Gutiérrez-Dorado et al., 2008). Hundred grams of wheat provide 

an average amount of 339 calories and hence, owing to its reasonable amount of caloric 

content, it has been accepted as a valuable diet (Šramková et al., 2009). Wheat, for a healthy 

metabolism, should be consumed as a whole, since it inhibits several diseases includ ing 

breast cancer, cardiovascular disorders, childhood asthma and gallstones. Risk of high blood 
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pressure, cholesterol and type 2 diabetes is also found to be significantly reduced. The most 

leading benefit of all is that it contains phytonutrients, which are responsible for cancer 

protection and to maintain the higher count of blood cells (Slavin, 2013). 

2.3. Wheat requirement 

Estimates for the wheat consumption throughout the world suggest that per day, an 

individual consumes about 250 grams of wheat. For a person aging 25-40 years, it satisfies 

30% and 49% of his requirements for energy and protein, respectively. 

2.3.1. Overall wheat production 

According to the estimation of USDA for June 2018-19 the wheat production was increased 

to 733.55 million tons. However, from the record 726.32 million tons in 2014-15, it was 

down 4.39 million tons. 

2.3.2. Wheat consumption worldwide 

The consumption of wheat worldwide was increased to 719.56 million tones and for the prior 

year, it was found to be 715.89 million tons. 

2.3.3. Wheat production in Pakistan 

As stated by the USDA 2018, the revised production of wheat was found lower by 374 

thousand metric tons, from the record 26674 thousand metric tons (USDA 2018). 

2.3.4. World wheat market 

The comparison of wheat production, supply, utilization, trade and ending stocks throughout 

the world from 2011 till 2016 is stated in Table 1. 

Table 1. Wheat Production and Utilization (Million tons)  

 2014-15 2015-16 2016-17 2017-18 2018-19 

Production 700.9 659.7 715.6 733.1 734.8 

Supply 897.6 857.2 891.6 921.4 937.4 

Utilization 691.4 684.0 693.9 713.1 727.0 

Trade 148.8 142.4 156.8 155.8 150.0 

Ending stocks 197.4 176.0 188.3 202.6 205.9 
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2.4. Sourdough bread 

Amongst the oldest skills, which are still acknowledged by mankind, is the bread-making 

technology. It was suggested in various findings that the bread is used as a portion of diet by 

ancient Greeks, Egyptians, and people belonging to Rome and Babylon. The techniques for 

producing bread vary widely. In order to achieve certain good qualities e.g. nutritiona l 

improvement, shelf-life, and production of digestible and palatable food, bread making 

technology is gaining much importance, high volume and shelf life, microbiologically safe 

product, and good nutritional and sensory characteristics are the principal features for the 

leavened white breads (Chavan and Jana 2008; Mildner-Szkudlarz and Bajerska 2016); these 

characteristics retard the spoilage of bread from bacteria and molds (Behera and Ray 2015; 

Gänzle et al., 2008). 

The preparation of sourdough is carried out by mixing water and flour, which is then 

fermented with homo and hetero-fermentative lactic acid bacteria (LAB) hence, in the 

mixture, increasing the lactic acid and acetic acid concentration. As a result of this 

fermentation, a sour taste product is achieved (El Sheikha and Mahmoud 2016; Vrček et al., 

2014). Sourdough can be defined as an acidic sharp tasting mixture of flour and water for 

the development of bread from cereal flour especially wheat and rye . Sourdough bread is a 

traditional product which has high nutraceutical factors due to positive interaction of yeast 

and lactic acid bacteria (LAB) and biochemical reactions (Gobbetti 1998). In other words, it 

can be defined as ‘‘such dough which has microbiota whose origin is from fermented dough 

or a sourdough starter; and which are active metabolically and when flour is added they 

continue to produce acid sourdoughs. 

Sourdough production technology was started in ancient times and is still contemporary with 

lot of improvements (Chavan and Jana 2008). Sourdough is not only produced from wheat 

flour but also from other sources i.e. rye, oat, barley, corn and many others, and various 

sources of flour imparts different characteristics to bread such as flavor, nutritional value, 

organoleptic properties and shelf life. 

Fermented doughs are very complex biological ecosystems, where LAB is the dominant 

organisms, and mostly they co-exist with yeasts, which are also present in high 
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concentrations. Owing to fascinating properties of sour dough bread such as taste, flavor and 

nutritional properties for consumers, it has many positive facets over non sourdough bread 

in current period (Corsetti et al., 2003). 

Many nutraceutical attributes are owned by sourdough such as decreasing the risk of 

colorectal cancer, cardiovascular disorders, diabetes and obesity. Most importantly, it is also 

very useful for those people who are gluten intolerant (celiac disease). Sourdough contains 

wide range of probiotics which bestows positive effects on health (Slavin, 2004). 

2.6. Types of sourdough bread 

Bread making technology is probably one of the oldest technologies. There are evidences 

that in various civilizations such as Egypt, Babylon, Rome and Greek, they utilized bread as 

part of their diet. Huge quantity of bread is consumed in various forms around the globe 

depending on traditions of the local people. One of the oldest, diverse, and most popular 

product in the world are flat breads. It is estimated that over two thousand million people eat 

various kinds of wheat flour breads all over the globe. Various types of technologies over 

the world are adopted by the technologists to make various bread products. These 

technologies are improved to provide the consumers fascinatingly palatable, nutritious and 

digestible food. The most fascinating parameters of bread is the quality of being soft, raised 

volume, elastic structure of crumb, high nutritious, better shelf life, and microbiologica l 

nontoxic food product (Cauvain, 2007). 

2.7. Microbial diversity in sourdough bread  

Microbiota of sourdough is quite complex especially of spontaneously fermented sourdough.  

The microbial population of dough ultimately confers queer attractive technological and 

nutraceutical attributes to the final cereal product (Gobbetti et al., 2007). Almost two-

hundreds of different wheat fermented breads are produced in Italy, and all depends on type 

of substrate, microbiota and technology used for bread production. Research from microbia l 

perspective of sourdough was started hundred years ago (Nistal et al., 2012). It is revealed 

by studies that sourdough has community of lactic acid bacteria which has more than fifty 

species i.e. Lactobacillus and more than twenty species of yeast (Leroy and De Vuyst 2004). 
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In various studies 100:1 ratio of lactic acid bacteria and yeast were observed in fermented 

wheat flour dough (Gobbetti 1998). It is reported that whole grains intake pose positive 

health effects on consumer health such as improved regulation of blood sugars lower chances 

of diabetes, heart disorders and various cancers (Jacobs et al., 1998). Many attracting 

attributes are linked to sourdough bread such as fascinating flavor, aroma and its enhanced 

shelf life (Katina et al., 2006). Lactic acid bacteria is considered GRAS (generally regarded 

as safe) and has long history to be used in food industries all around the world (Magnusson 

et al., 2003). 

The GRAS organisms added in wheat flour such as LAB and yeast provides various deficient 

amino acids and minerals in final sourdough product as cereal grains are deficient of these 

amino acids. Positive impact of LAB and yeast improve the bioavailability of sourdough 

bread made from whole cereal meal (Lopez et al., 2003). 

2.8. Fungus in sourdough 

Fungus plays a major role in sourdough fermentation because it is present in 1:100 ratio with 

LAB. Various types of yeasts are present in it, and the concentration of each fungus specie 

depends on environment, region and processing techniques (Saranraj and Sivasakthive lan 

2015). Saccharomyces cerevisiae is one of the known yeast specie which is widely present 

in sourdough (Olstorpe et al., 2011), but in Asian counties especially Pakistan, Pichia 

anomala (Wickerhamomyces anomalus) is present in large quantity as compared to S. 

cerevisiae (Sakandar et al., 2018). It is different from bakers’ yeast because its Crabtree is 

negative (insensitivity to glucose). W. anomalus has various positive impacts on product as 

antifungal properties which improves shelf life of product. It produces more volatile 

compounds than S. cerevisiae which improves organoleptic properties of product (Jijakli, 

2010). 

Six types of yeast are mainly present in sourdough i.e. S. cerevisiae, Kazachstania exigua, 

Candida humilis, Pichia kudriavzevii, Torulaspora delbrueckii, and W. anomalus and 

overall twenty fungal species are present. Among yeasts S. cerevisiae is more sensitive as 

compared to S. exiguous and Torlupsis holmii. Acidity, water content and sugars effect the 
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growth and abundance of yeast population. In Belgian sourdoughs W. anomalus is 

abundantly found (De Vuyst et al., 2014). 

2.9. Lactic acid bacteria in sourdough 

Most dominating microbiota in sourdough is lactic acid bacteria especially lactobacillus 

species. Other bacterial species are also present in sourdough bread such Leuconostoc, 

Enterococcus Weissella, Lactococcus, Pediococcus and Streptococcus and many other Gram 

negative bacterial species which ultimately determines robustness of final product. Ganzel 

and his coworkers in his studies revealed that almost more than fifty species of lactic acid 

bacteria have been isolated from sourdough bread (Gänzle et al., 2008). According to study 

thirty LAB species are mostly found in sourdough among them, Lactobacillus 

sanfranciscensis is one of the most common lactic acid bacteria which are mostly present in 

sourdough bread. Some lactic acid producing bacterial species belong to human 

gastrointestinal origin (Lactobacillus reuteri and Lactobacillus acidophilus) which may be 

present due to contamination. Primarily, two types of lactic acid bacteria are present in cereal 

fermented products which are categorized into homofermentative; which produces only 

lactic acid as fermentation final product by glycolytic cycle (>85%) and heterofermentat ive ; 

produces lactic acid, acetic acid and carbon dioxide by 6-phosphogluconate metabolic cycle. 

Homo fermentative lactic acid bacteria is most common as compared to hetero-fermentat ive 

but later produces more variety of flavor compounds and bestows unique characteristics to 

final product (De Angelis et al., 2006). Detailed LAB population of sourdough is illustra ted 

in Table 2. 

Hetero fermentative LAB also slightly contributes in leavening of dough as does yeast by 

producing slight amounts of carbon dioxide. So, cereal fermentation with heterofermentat ive 

lactic acid bacteria produces more complex and unique products. Dominance of bacterial 

species also depends on the composition of substrate due to which one specie antagonize or 

synergize other bacterial species by producing various types of bacteriocins and antibacteria l 

compounds. 
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Table 2. Lactobacillus species generally associated with sourdough fermentation are 

found in fermented sourdough 

Obligately 

Homofermentative 

Obligately 

Heterofermentative 

Facultatively 

Heterofermentative 

Lactobacillus amylovorus Lactobacillus acidifarinae Lactobacillus plantarum 

Lactobacillus acidophilus Lactobacillus brevis Lactobacillus pentosus 

Lactobacillus delbrueckii  Lactobacillus buchneri Lactobacillus alimentarius 

Lactobacillus farciminis Lactobacillus fermentum Lactobacillus 

paralimentarius 

Lactobacillus mindensis Lactobacillus fructivorans Lactobacillus casei 

Lactobacillus amylolyticus Lactobacillus frumenti  

Lactobacillus johnsonii Lactobacillus hilgardii  

Lactobacillus crispatus Lactobacillus panis  

 Lactobacillus pontis  

 Lactobacillus reuteri  

 Lactobacillus rossiae  

 Lactobacillus 

sanfranciscensis 

 

 Lactobacillus siliginis  

 Lactobacillus spicheri  

 Lactobacillus zymae  

2.10. Interaction between fungus and bacteria 

Elucidation of synergistic or antagonistic effect on quality and nutrition value is of serious 

concern for sourdough baking industries which at the end fascinates consumers and increase 

product demand. Sometimes complex food matrix is not metabolized so co-metabolism 

helps to beef up product attributes and fulfills consumers demand. Lactobacillus 

sanfranciscensis happily utilizes maltose present in flour and convert it into glucose by 6-

phosphoglunolate pathway and ultimately glucose is metabolized by S. exigus; maltose 
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negative yeast. So this association reduces competition and enhances growth of both 

microorganisms (Nistal et al., 2012). S. cerevisiae growth is hindered when L. brevis is 

present in high log which utilizes maltose and this yeast is maltose positive, as result baker’s 

yeast diminishes after subsequent propagation due to maltose dependent repression of genes. 

It was demonstrated that yeast can better associates with homofermentative lactic acid 

bacteria as compared to heterofermentative LAB. Baker’s yeast growth was enhanced with 

the interaction of L. plantarum both synergistically improved the production of carbon 

dioxide and had positive impact on the final leavened product with improved palatability 

(Schieberle and Engel 2002). 

2.11. Types I sourdough fermentation 

It is one of the oldest techniques adapted to process fermentation. In this type of fermentat ion 

continuous inoculation of fresh mixture of flour and water is done with the previous 

fermented dough at normal temperature almost 20-30 ºC (Katina et al., 2006). L. 

sanfranciscensis and L. Pontis are most dominating bacteria in this type of fermentation. It 

is three step fermentation process, so it consumes longer time and unlike Type II and type 

III sourdough it does not have S. cerevisiae as leavening agent. 

2.12. Type II sourdough fermentation 

It is one step fermentation process, so it requires less time for execution of process. It is 

carried out above 30 ºC so it has different quality and flavoring compounds as compared to 

type I sourdough. It has L. brevis, L. acidophilus and L. lactis are dominating bacteria in 

type II sourdough. S. cerevisiae is used as yeast culture for leavening in this type of 

sourdough (Hansen and Schieberle 2005). 

2.13. Type III sourdough fermentation 

It is the most convenient technique of wheat fermentation which takes very little time and is 

most advanced procedure for wheat fermentation. In this process sourdough is dried by 

various techniques and stored, which contains culture for fermentation these are directly 

used for wheat fermentation. It provides most fascinating flavor and texture to the final 
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product with less quality variation. This process is adopted in technologically advanced 

countries. 

2.14. Fascinating flavoring compounds by cereal fermentation 

Among sensory attributes flavor is a perception of taste, odors that triggers nerve response 

(Lawless and Heymann 2010). After flavor, aroma of the bread has most crucial impact on 

acceptance of product by the consumers. One of the most attractive organoleptic properties 

of food products which fascinate the consumers is his flavor. Filthy flavored product will 

not be accepted by consumer although it has high nutritional value. So bread with conjuring 

smell and taste will drag the consumer to consume it (Schieberle, 1996). Desired flavor is 

not only produced by the ingredients added but also fermentation and baking process plays 

significant role in it (Hansen and Schieberle 2005). Fermentation of cereals is done to 

improve flavor of wheat breads. Sweet bread does not has as much good taste and flavor as 

lactic acid bacteria fermented dough bread. Some other attributes are also improved by the 

process of fermentation i.e. various volatile and nonvolatile compounds are produced. The 

most astonishing property of sourdough is that it is panacea for celiac patients who are 

allergic to gluten protein. It is also used for the patients who encounter intermittent 

claudication (Gobbetti, 1998). 

Lactic acid bacteria confer flavors to sourdough bread although baking and raw material has 

major impact on flavor production. Fermentation with lactic acid bacteria produces flavors 

in crumb while baking imparts flavors to crust portion of bread. Several studies disclosed 

that chemically acidified bread has no competitive fascinating flavors as has LAB fermented 

bread. Fermentation quotient (FQ) can be defined as the ratio between acetic acid and lactic 

acid, this ratio imparts wide range of sensory quality to final product. It is also revealed that 

FQ also has effect on gluten network as acetic acid make gluten more hard network while 

lactic acid generates more elastic gluten network (Hansen and Schieberle 2005). 

2.15. Enhanced shelf life and economy boost up 

Various types of antimicrobial compounds i.e. lactic acid, benzoic acid, hydrogen peroxide 

and acetic acid are produced, and these inhibit growth of food borne pathogens. Most 
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common factor to deteriorate bread quality and shelf life is mold, these are inhibited by 

antifungal agents i.e. organic acids which are produced by lactic acid bacteria and yeast. 

Lactic acid bacteria are utilized as source of bio-preservation, it means that these inhib it 

growth of other organisms which have worse effects on food product (Magnusson et al., 

2003). It is that reported good effects of sourdough on wheat bread which is mold free. 

Utilization of sourdough has reduced the use of chemical preservatives which ultimate ly 

reduced such treatments that may affect healthy attributes of bread product (Lavermicocca 

et al., 2000). Type and amount of acids present in sourdough actually has relationship with 

bread quality and shelf life rather than pH of level of bread. Magnusson and his coworkers 

employed an agar well diffusion assay and revealed that organic acid is produced by L. 

sanfrancisco inhibits Fusarium graminearum. Some other chemical compounds such as 

hydroxyl fatty acids, returein, cyclic dipeptides, proteinaceous compounds, caproic acid, 3-

phenyllactic acid, and diacetyl hydrogen peroxide also contribute in this activity. 

Antibacterial and antifungal activities might change greatly among the strains of lactic acid 

bacteria but rate of control of various fungal species is mostly depends on LAB strains 

(Magnusson et al., 2003). 

There are number of antifungal chemicals which are used in bread industry such as 

propionates which affect the cost of product and ultimately affects the industry and a lot of 

revenue is invested on these chemicals which are not only unacceptable by consumers but 

also quite expensive. Secondly, bread is spoiled in large quantity as it has shorter shelf life 

and staling which negatively effects the baking industries especially in developed countries. 

Sourdough bread has longer shelf life as compared to sweet bread which ultimately boosts 

up economy of baking industries by avoiding investment on chemical preservatives and anti-

staling agents. 
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2.16. Nutritional benefits of wheat fermentation 

Fermentation of wheat does not only result into product with conjuring organoleptic 

properties, but it also has nutraceutical functionalities. Such as it is ultimate solution for 

celiac patients. It also plays a major role in phytic acid degradation which is notorious for 

its antinutritional properties. It also ameliorates intermittent claudication; persons of older 

age suffer from this disorder in which cramps in calf muscles occasionally occur. This is 

dominating in developing countries due to lack of balanced and sufficient diet (Collar, 2016). 

2.17. Wheat fermentation and mitigation of anti-nutritional components 

There are number of antinutritional factors in foods i.e. among them phytic acid is most well-

known compound which is present in cereals. Whole cereals have phytates in larger quantity 

as compared to refined flours but refined product has little amount of minerals and vitamins 

which is a drawback of refined cereal flours (Mandala and Rosell 2016). The presence of 

ANF in several legume species is one of the major limiting factor for their dietary 

exploitation (Marco Gobbetti et al., 2018). Some of these ANF are heat-labile (e.g., protease 

inhibitors and lectins) and thus thermal treatments would remove the negative effect during 

consumption. On the other hand, others (e.g., phytic acid, raffinose, tannins, saponins) are 

heat stable. This is the case of fava bean, which contains vicine and convicine, trypsin 

inhibitor activity, condensed tannins and phytic acid. In particular, divicine and isouramil, 

active aglycone derivatives of vicine and convicine, are toxic to human carriers of a genetic 

deficiency of the erythrocyte located glucose-6-phosphate dehydrogenase, causing the 

hemolytic anemia disease known as fauvism (Crépon et al., 2010). De-hulling, soaking, 

germination, and heat or enzyme treatments have been used to reduce or eliminate ANF, but 

fermentation gave the most promising perspectives. Sourdough fermentation of fava bean 

decreased the content of vicine and convicine by >91% and significantly reduced trypsin 

inhibitor activity and condensed tannins (Coda et al., 2017). The degradation of the 

pyrimidine glycosides was complete after 48 h of fermentation and the aglycone derivatives 

were not detectable. Therefore, sourdough fermentation could be the indispensable factor to 

degrade ANF in legumes. Sourdough fermentation has also a significant role in acrylamide 

reduction in composite flours fermentation (Bartkiene et al., 2017). Fermentable 
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oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) are 

heterogeneous group of compounds that can be poorly digested and may have a range of 

effects on gastrointestinal processes (Betts & Gonzalez, 2016). FODMAPs are found in a 

wide variety of foods, including bread. FODMAPs’ intake is associated with the onset of 

symptoms of irritable bowel syndrome (IBS). On the other hand, some FODMAPs 

contribute to the healthy maintenance of intestinal microbiota (de Toro-Martin et al., 2017). 

Volume increase of bread dough commonly relies on the use of two biological leavening 

agents, sourdough and baker’s yeast and, in some cases, a combination of both. Given that 

yeasts and lactic acid bacteria, the dominant microorganisms in sourdough, may degrade 

FODMAPs, it would be possible to modulate the FODMAPs concentration in bread, thus 

positively ameliorate irritable bowel syndrome and improve consumers health (Menezes et 

al., 2018). 

2.18. Phytic acid friend or foe: a paradox 

The storage form of phosphorous is known as phytic acid. Grains and seeds for example 

nuts, legumes and beans contain phytic acid. However, because of its capability to bind with 

the minerals probably calcium, manganese, potassium, iron,  zinc, magnesium, selenium and 

copper in the digestive tract, and thus it makes them insoluble and hence unavailable for 

absorption, it is therefore believed to be an anti-nutrient (Gibson et al., 2010; Gómez and 

Oliete 2016). Phytic acid is omnipresent compound in cereals in various concentrations. It 

is mostly present in bran portion of cereals almost 1-5 percent of cereals dry mass consist of 

phytic acid. Sesame seeds have very high concentration of phytates, wheat flour with bran 

has also significant amount phytates as compare to in absence of bran. If it is in salt form it 

is called phytate of that salt. Review of literature suggests that almost 60-90 percent 

phosphorus in cereals is present in phytates form . It is also storage house of phosphorus and 

potential energy. 

http://www.amazon.com/gp/product/B00014D9JY/ref=as_li_tl?ie=UTF8&camp=1789&creative=390957&creativeASIN=B00014D9JY&linkCode=as2&tag=selfhacked-20&linkId=26RKBXCEMDGN4ZUS
http://www.amazon.com/gp/product/B0015C2ZI2/ref=as_li_tl?ie=UTF8&amp;camp=1789&amp;creative=390957&amp;creativeASIN=B0015C2ZI2&amp;linkCode=as2&amp;tag=selfhacked-20&amp;linkId=OAW2CAWUPH36GXPC
http://www.amazon.com/gp/product/B00185TJQW/ref=as_li_ss_tl?ie=UTF8&amp;camp=1789&amp;creative=390957&amp;creativeASIN=B00185TJQW&amp;linkCode=as2&amp;tag=selfhacked-20
http://www.amazon.com/gp/product/B009EA6FZG/ref=as_li_ss_tl?ie=UTF8&amp;camp=1789&amp;creative=390957&amp;creativeASIN=B009EA6FZG&amp;linkCode=as2&amp;tag=selfhacked-20
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Figure 1. Nutrients in Wheat Flour: Whole, Refined and Enriched flours  

Dry cereals can remain potentially viable for many hundred years. Lot of research has been 

conducted to unearth the secret. According to research many beneficial compounds present 

in cereals bestow this long life to cereals by hindering oxidative injury to seed. One of the 

major reasons of increased shelf life of cereals is dehydration. This factor decreases mobility 

of reactants and catalysts in dry seeds. Secondly alpha tocopherol a natural antioxidant 

present in cereals plays its role to enhance seeds longevity (Cavuoto and Fenech 2012). One 

of the notorious features of phytic acid is to bind with the essential minerals from the food 

in the digestive tract, prevents their absorption by the body and thus causes minera l 

deficiency.  

Chemically it is called myo-inositol hexaphosphate (IP6). It has six phosphorus molecules 

attached with six carbon atoms as illustrated in figure 2.  This makes it very stable compound 

and hinders its degradation even at 100 ºC for 5 hours in 5M HCl solution. Phytase degrades 

it in acidic conditions and dephosphorylates it by releasing inorganic phosphorus and myo-

inositol during germination. 

Some digestive enzymes’ inhibition has been revealed by phytate. The inhibited enzymes 

include pepsin, trypsin, ß-glucosidase and α-amylase. Certain gastrointestinal issues have 
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also been considered to be caused by phytic acid when it is used in excess (Schlemmer et 

al., 2009). 

The phytic acid structure is unique in its properties, possesses an incredible chelation 

potential. High affinity for the polyvalent cations is indeed, exhibited by phytic acid. The 

increasing stability order for the polyvalent ions is: 

Ca+<Fe+3<Mn+2<Co+2<Ni+2<Zn+2<Cu+2.  

A strong adsorption to the complex crystalline structure of calcium phosphate also known 

as hydroxyapatite (Cas[POa]3OH), is also observed due to its high affinity towards calcium. 

This complex constitutes the structure of vertebrate tooth and bone. Owing to its complicated 

electrostatic interactions, dissociation constants are not acknowledged so far. For Instance, 

one molecule of phytate have the capability for 6 divalent cations to bind with them. 

Furthermore, depending on the state of redox reaction, at least 2 phytate molecules could 

perhaps associate with the metal ions. Concomitant existence and difference in Ka values is 

observed for all these complexes. In addition, the chelates of metals which possess increased 

metal-phytate proportion, are insoluble and therefore, can easily be precipitated. At pH 7.2, 

and 20°C temperature, the estimated value of Ka for the phytate molecules bridged with the 

first two calcium ions is found to be 44 x 106 M. whereas, at 8.4 pH, the observed value was 

<1 x 10r M. Metal phytates, since the ancient times are known for their insolubility at a broad 

range of pH, and this is the reason for our prominent concerns about dietary phytate. Phytase 

Figure 2. Phytic acid structure 
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activity has also been revealed in some of the intestinal mucosa and the bacteria inhabit ing 

the gastro intestinal tract (GIT) as well. The ingested phytate, while passing through the GIT, 

most of its portion remain un-degraded and hence, the bioavailability of minerals is assumed 

to be interfered due to this un-digested phytate. Consequently, it turned out to be the subject 

of discussion of various research papers, review papers and many symposia since the past 

30 years. However, this topic is highly debatable as numerous studies on the cations have 

not shown any improvement in their uptake. The experimental factors explained beforehand 

determine the phytic acid effect on bioavailability of minerals. Among those factors, the 

major one to be considered is the metal-phytate ratio. Even though majority of the cation-

phytate solutions are insoluble, some complexes at any pH, are very soluble as they contain 

single (or probably 2) cations per phytate molecule. In order to achieve this ratio, we require 

to add phytic acid in excess. The solubility of phytate with single cation could therefore be 

the reason of explanation for the debates regarding these nutritional studies. 

2.19. Protein interactions 

Degradation of phytates; anti-nutritional agents are degraded by lower pH which is resulted 

due to chemically or microbial acidification of wheat flours thus mineral availability is 

enhanced. Nutritional properties of flour fermented sourdough breads are bucked up by 

Exopolysaccharides which are produced by L. sanfranciscensis and other LAB (Kariluoto et 

al., 2004). Phytic acid-Despite being a bit demonized regarding its capability for reducing 

mineral absorption, phytic acid do have some potentially valuable properties such as it helps 

in the prevention of diabetes by adsorbing starch and sugars from food, assists in the 

modulation of blood sugar level. Cholesterol formation and fat digestion are also shown to 

be affected by the activity of phytic acid and therefore, the risk of cardiovascular diseases 

could also be prevented. Kidney stone formation is not rare condition and various salts of 

phytates binds to calcium and therefore reduces the possibility of kidney stones formation 

(Grases et al., 2007). Inositol phosphate also attach to lead and other toxic minerals and 

escort them safely out of the human body and reduces its negative impacts on health (Gibson 

et al., 2010).  



Chapter 2                                                                             Literature Review  

Synchronous Degradation of Gliadin and Phytic Acid by Potential Probiotic Microbiota 

of Indigenous Fermented Sourdough and its Application in Wheat Dough Fermentation 

  

25 

Salts of phytic acid has the ability to elevate anti-oxidant potentials and block the free 

radicals thereby provide protection against the Liver injuries related to alcohol usage (Lee 

et al., 2012). The reduction in inflammatory effect of IL-6 and IL-8 cytokines was also 

revealed specifically in colon cells (Wawszczyk et al., 2011a; Wawszczyk et al., 2011b). 

Cancer is one of the hot issues in health sciences and lot of research is being done on its 

prevention and remedies. Various types of cancers are reported and various types of 

medicines are also recommended for cancer patients (Bajerska and Mildner-Szkud la rz 

2015). Several studies have been proposed to demonstrate the potential progressive effects 

of phytic acid to combat with the tumor cells. It has been established that phytic acid could 

be protective against the cancers of bone, skin, liver, leukemia and sarcoma through the 

telomerase and matrix metalloproteinase (MMP) expressions and suppression mechanisms 

(Norhaizan et al., 2011; Vucenik and Shamsuddin 2006; Wang et al., 2012). 

Mechanism of action of inositol hexaphosphate (IP6): biological and physiological activit ies 

of IP6 are utilized for cancer prevention and treatment. IP6 satisfies all the mechanist ic 

categories of cancer prevention action. After rapid intake and dephosphorylating, IP6 enters 

the pool of inositol phosphate and acts as strong antioxidant, enhances immune function, 

elicits anti-inflammatory activity, modifies phase I and phase II metabolizing enzymes, 

modulates oncogene expression, normalizes abnormal cell proliferation, induces cell 

differentiation induces apoptosis and inhibition angiogenesis. In addition, IP6 prevents 

tumor metastasis formation as depicted in figure 3. 
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Figure 3. Phytic acid interaction with other biological malfunctions ((+), increase; (-), 

decrease) 

It also plays role in autophagy induction. Autophagy is defined as a recycling and 

degradation process for junk proteins. Phytic acid, according to recent studies, found to 

possess certain positive response against the cellular stress and it regulates the function of 

neurons as well. Destruction and elimination of pathogens is proved to be encouraged by the 

activity of phytic acid (Anekonda et al., 2011). 

Phytic acid is found to be quite effective against the apoptosis of dopaminergic neurons 

induced by 6-hydroxydopamine which are the cause of Parkinson’s disease. Some 

neurodegenerative disorders e.g. Alzheimer’s disease could also be safeguarded due to the 

autophagy induction of phytic acid (Anekonda et al., 2011; Xu et al., 2011). 

Studies suggests that phytates have been responsible for increasing good cholesterol (HDL) 

and reduces the level of triglycerides. Certain findings have established that phytic acid can 

move into the cells and hence, assisting in the repairing of strand breaks in DNA structure 
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and this mechanism proves to be a potential cause of cancer prevention (Hanakahi et al., 

2000). 

According to recent studies, another role of phytic acid has been revealed i.e. the inhibit ion 

of HIV-1 replication in cell lines. However, phytic acid is only responsible combat against 

HIV during early stages of replication. All this discussion and features of inosito l 

hexaphosphate (IP6) makes it hard to denote it as friend or foe. It has more benefits than 

negative impacts, but notorious impacts are more common as compare to its astonishing rare 

positive health impacts.   

2.20. Wheat fermentation a panacea for celiac 

Over many decades celiac disease is debated, and it is exacerbating over time with increasing 

number of sufferers. Now the world is inclining toward such food products which not fulfill 

satiety but also panacea for serious disorders. Patients and consumers are fed up with bitter 

medicines to cure disease which sometimes have negative affect on health (Arendt et al., 

2007). Many techniques have been utilized to deal with gluten intolerance, among them 

sourdough is ultimately multifaceted procedure for celiac patients (Moore, 2014). Celiac 

sprue is disorder in which genetically susceptible persons are sensitive to gluten proteins, 

present in various renowned cereals i.e. wheat, barley and rye which ultimately results into 

inflammation of villi in small intestine (Amrani et al., 2015). Gluten intolerance is 

autoimmune disorder; immune system itself produces antibodies against human 

gastrointestinal tissues which causes inflammation of small intestinal villi tissues and causes 

various symptoms i.e. chronic diarrhea, abdominal pain, malabsorption of essential 

micronutrients (Battista et al., 2012). This disease ultimately disturbs other organs as well 

as causes gastrointestinal cancer and decreases absorption of iron and results iron deficiency 

anemia. It was known in ancient times but (Arendt et al., 2007) rediscovered by Samuel Gee 

in 1888 (Guandalini et al., 2015). 

The only solution for celiac patients is lifelong use of gluten free food products. It can be 

sprout at any age due to over threshold consumption gluten although it is genetic disease 

(Reguła and Kędzior 2015). Some people have silent celiac sprue; it has no apparent signs 
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of gluten intolerance, but antibodies related to it are present in those patients which are not 

as such active to initiate gluten intolerance. Almost 2-3% of world population is affected by 

celiac sprue and this value is slightly high in underdeveloped countries due to high 

consumption of cereals as these are only cheap source of proteins, carbohydrates and 

vitamins (Lebwohl et al., 2012). 

Since many decades extensive studies are done pertinent to celiac disease as result of 

advanced diagnostic techniques such as markers and it is getting more attention inasmuch it 

is revealed that CD is increasing over last many years. It is observed in many masses over 

the world and its prevalence varies according to patch of globe (Lionetti and Catassi 2014). 

According to some reports it is revealed that its occurrence is doubling after every twenty 

years and it is reported that almost 10-15% patient with Cd are diagnosed. Novel approaches 

have been adopted to diagnose CD by serological markers, serum tissue transglutaminase 

IgA levels denotes the positive results of aforesaid disease (Reilly et al., 2015). 

Multiple factors are involved in celiac disease such environmental and genetics. Among 

environmental factors amount and timing of gluten exposure, microbiota, feeding style and 

infections are mostly involved. Two important human leucocytes antigens (HLA) DQ2 and 

DQ8 respective are predisposing genetic factors (Lionetti et al., 2012). Close blood relatives 

are more susceptible for celiac disease almost 20% more chances, patients with homologous 

alleles have 15% chances while 85% chances in heterologous allelic patients was observed. 

Best categorized susceptible genetic factors are HLA DQ2 and HLA DQ8 as shown in figure 

4. These are the key role molecules in celiac patients. These have positively charged pockets 

which readily interact with negative charged moieties which are formed by tissue 

transglutaminase deamination of proline and glutamine, present in gluten protein. Then these 

molecules are presented to CD4+ T cells and triggers villi inflammation (Briani et al., 2008). 
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Figure 4. Schematic diagram of celiac disease triggering in celiac patients  

Prolamins which pose problems in celiac patients are degraded by whole cereal fermented 

lactic acid bacteria which ultimately have positive impact on them (Di Cagno et al., 2003). 

Several studies address the possibility of sourdough fermentation as a means to reduce the 

level of gluten proteins in bread. However, to accomplish this, stringent methods are often 

used that are sometimes impractical or unrealistic to be able to yield products that are of 

comparable characteristics, quality and price as their gluten-containing counterparts. Full 

degradation of gluten requires long fermentations with a combination of several strains of 

different lactic acid bacteria and/or with the addition of a suitable peptidase (Rizzello et al., 

2007). By fully degrading wheat gluten, the viscoelastic properties are lost, which reduces 

the benefit of the process. Incomplete degradation may lead to the retention of part of the 

beneficial properties, but we are concerned that the protein breakdown may lead to more 

available TG2-binding sites on gluten peptides and thus increase deamidation reactions by 

TG2, which would increase the intra-tissue accumulation of antigen and thus potentiate the 

immune response in celiacs (Di Cagno et al., 2010). 
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Future gaps 

Some of the starter strains used could not persist over the propagation steps and they were 

not detected among the dominant pool of microorganisms in the stable sourdoughs. 

Unfortunately, due to the high number of different substrates used, the researchers could not 

identify the reasons of such variability (Reale et al., 2019). 

When gluten is degraded in sourdough fermentation it effects the quality such consortia must 

be selected which only degrades the specific allergy causing fragments of gluten to sustain 

the bread quality (Sieuwerts et al., 2017). How the tTG, which normally is intracellular and 

in its inactive form, is activated and able to cause the deamidation reaction of the gluten 

peptides, is still unknown. 

Currently, there is interest in the role of the gut microbiome as an additional trigger factor 

contributing to the onset of disease. Perhaps of more importance is the need to better 

understand the interplay between the innate and adaptive immune system responses and how 

this leads to the villous atrophy that is characteristic of CD. Other autoimmune disorders 

could be unraveled by fully revealing celiac disease.  

Conclusion 

Cereals have major portion in diet of human but among them wheat has pivotal position. It 

is consumed in every part of the world and is staple food of many countries because it has 

high concentrations of minerals and vitamins. Seventy to eighty percent of wheat is 

consumed in the form of bread. There are various types of bread which are consumed in 

different parts of the world in plenty of forms. Among them sourdough bread is 

contemporary bread, which was being made before Christ and is still consumed. 

Sourdough bread is made by fermentation process by the inoculation of various types of 

microbiota i.e. lactic acid bacteria and fungus. Which imparts nutraceutical and organoleptic 

properties to bread and attracts the consumers. It is the ultimate solution for celiac patients 

who entirely depend on gluten free cereal product. Various types of cereals are also used for 

fermentation process in different parts of the world. Iron deficiency anemia, is a major 

malnutrition problem in third world and developing countries. Various factors pose this 

menacing problem, among them high level of phytic acid containing foods also cause iron 
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deficiency by making this essential mineral unavailable in small intestine. Fermentation of 

wheat has solution to this acerbating situation which degrades antinutritional factor and 

improves the minerals bioavailability. 

Antifungal and antibacterial properties of sourdough bread make it beneficial for industry. 

Sourdough also has industrial benefits as well, such as high shelf life owing to antifunga l 

and antibacterial properties. Sourdough is a potential tool to improve bread quality without 

the use of additives. This process also improves the revenue of baking industries by lowering 

investment on chemicals such as anti-staling, anti-fungal and various preservatives. 
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• n 

Research Work Plan 

Phase-I 

Evaluation of the impact of microbial 

diversity on gliadin degradation in a 

autochthonously fermented sour dough 

(Khamir) 

➢ FTIR analysis of sourdough samples (Gliadin 

isolated). 

➢ 16S rDNA based Metagenomic analysis of 

gliadin degraded and non-degraded samples by 

using Illumina Miseq platform. 

Phase-II 

Isolation and characterized the gliadin 

and phytic acid degrading microbiota 

from sourdough (Khamir). 

 

➢ Isolation of gliadin and phytic acid degrading 

strains, morphological and biochemical 

characterization of isolates. 

➢ Probiotic screening 

• Acid Tolerance  

• Hydrophobicity 

• Bile Tolerance 

• Antimicrobial Activity 

• Antibiotic Susceptibility 

• Cholesterol Assimilation 

Phase-III 

Application of the selected microbial 

strains for synchronous gliadin and 

phytic acid in wheat dough fermentation  

➢ Selection of wheat varieties (Genetic based)  

➢ Wheat dough fermentation 

➢ Gliadin degradation (monitored by HPLC) 

➢ Phytic acid degradation (GCMS analysis) 

➢ Evaluation of gliadin toxicity on CaCo-2 

monolayers 
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Chapter 3: Evaluation of the Impact of Microbial Diversity on Gliadin Degradation 

in Autochthonously Fermented Sourdough (Khamir) 

3.1. Introduction 

Sourdough is an important fermentation of cereals applied in the production of different 

cereal food products i.e. breads, biscuits, cakes and crackers. The composition of the 

microbial community in sourdough is determined by multitude of ecological factors, among 

which the most important are the environmental factors, characteristics of the technology, 

the type and physico-chemical composition of raw material, process parameters 

(temperature, pH, ratio of mixing flour and water), and the duration of the fermentat ion 

process (De Vuyst et al., 2009). 

Sourdoughs are grouped into three distinctive classes based on the applied manufactur ing 

technology. Type I sourdoughs are manufactured with traditional method. Type II 

sourdoughs are prepared by long fermentation times and with semi-fluid silo as starters. 

Type III sourdoughs are consist of dried starters of lactic acid bacteria (LAB) and yeast (De 

Vuyst and Vancanneyt 2007). Pakistani traditional wheat sourdoughs (Khamir) belong to 

type I, produced with traditional method and characterized by daily propagations at room 

temperature. Staple food of Pakistan is wheat which commonly used for making Chapati, 

Khamiri roti and other bakery products. Pakistani population mainly depend on Chapati and 

Khamiri roti (Sourdough bread) which comprises 50-60% of their diet. It is produced by the 

spontaneous fermentation of wheat flour. Because of their regional depending 

manufacturing, these are vast source of diverse LAB and yeast species (Sakandar et al., 

2018). Studies on the composition of the microflora of the spontaneously fermented 

sourdough show that LAB are the dominant group of bacteria while Saccharomyces 

cerevisiae was most abundant yeast present in sourdough (Corsetti and Settanni, 2007; De 

Vuyst and Neysens, 2005). Some microbial analysis of sourdough revealed the abundance 

of Enterococcus species of LAB and Wicherhamomyces anomalus yeast species in Pakistani 

sourdough samples (Khamir) (Sakandar et al., 2018). W. anomalus is also most abundant 

yeast specie in Belgian sourdoughs (Daniel et al., 2011). 
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As it is observed that many ecological factors i.e. ionic strength, temperature and microbia l 

products effect the yield and growth rate of micro-organisms. Micro-organisms from 

spontaneously fermented traditional sourdoughs cannot be thoroughly identified by 

cultivation-dependent method, which could under-characterize the diversity of micro-

organism (Nionelli et al., 2018). However, to analyze microbial diversity of sourdough, 

various molecular methods are already in use (Corsetti et al., 2003). These analyses revealed 

a huge diversity in bacterial community among various sourdough samples i.e. Chinese 

sourdough, Chinese steamed dough and Belgian Sourdough.  

However, as best to our knowledge, no such study has been conducted to evaluate the 

bacterial diversity of spontaneously fermented artisanal Pakistani sourdough (Khamir). 

Therefore, the present study was conducted to compare the bacterial communities diversity 

in gliadin degraded and non-degraded sourdough (Khamir). 

3.2. Materials and Methods 

3.2.1. Sourdough sampling 

Sixty sourdough samples (Khamir) were collected aseptically from different cottage scale 

retail shops (bakeries) of Rawalpindi and Islamabad (Pakistan). These samples involved 

autochthonous wheat dough fermentation for production of highly consumed indigenous 

bread locally called Naan or Khamiri roti. The samples were immediately packed and 

transported at 4 °C to laboratory for further analysis.  

3.2.2. Biochemical analysis of sourdough samples 

Total titratable acidity (TTA), pH and moisture content of sourdough samples were analyzed 

by (AOAC 2006) method.  

3.2.3. Determination of gliadin degraded samples by FTIR 

The gliadin was extracted from the sourdough samples, lyophilized and blended with 

potassium bromide (1% w/w) for the preparation of thin discs and the spectra were obtained 

by using Spectrum One FTIR spectrometer (PerkinElmer, Waltham, MA, USA). We used 

second derivative function to analyze the amide III regions (1350-1200 cm-1) and Omnic 

software 8.2 (Thermo Fisher Scientific Inc., Waltham, MA, USA) was used for the 
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interpretation of FTIR spectra. The derivative spectra were obtained from the eleven points, 

two-degree polynomial function and then inverted by multiplying with 1. Finally, the 

hierarchical clustering was done with XLSTAT 2016. 

3.2.4. Sourdough DNA extraction 

Extraction of DNA from sourdough samples was done according to the method of Randazzo  

and coworkers (2005). 

3.2.5. Metagenomics and data analysis 

The16S rDNA gene fragments of V4 for bacteria was generated by PCR, using 515F 

(GTGCCAGCMGCCGCGGTAA)/806R (GGACTACHVGGGTWTCTAAT) which were 

adjusted by adding ligation barcode. PCR was operated in three replicates with 20 µl reaction 

mixture using the Hot Star Taq Plus Master Mix Kit (Qiagen, USA) under the following 

conditions: initial denaturation, for 4 min at 96°C, followed by 34 cycles, denaturation for 

40 s at 96 °C, annealing at 56 °C for 50 s and extension was done for 1 min at 75 °C. Success 

of amplification and corresponding bands intensity was analyzed by using  agarose gel (2%), 

afterwards same proportion of all samples was pooled together and purified by using 

calibrated Ampure XP beads. Then the PCR product which was purified and pooled was 

used to prepare Illumina DNA library. Sequencing was performed at MR DNA 

(www.mrdnalab.com, Shallowater, TX, USA) by using Illumina Miseq plate-form according 

to manufacturer’s protocol. Sequenced data was analyzed statistical ly and bioinformatica lly 

according to the method of DeSantis et al., (2006). 

3.2.6. Statistical analysis 

Principle component analysis of bacterial genera of D50 and D13 were checked by Pearson’s 

correlation using XLSTAT. Alpha diversity was applied to analyze the complexity of genera 

diversity between samples by using OTUs to produce Simpson and Shannon indices. The 

hierarchically clustered heatmap figures were generated by using HemI version 1.0 software. 

Total titratable acidity, pH and moisture results were presented as means ±SD (standard 

deviation). 
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3.3. RESULTS 

3.3.1. Biochemical analysis of sourdough samples  

Results of acidity and microbial enumeration of the sourdough samples are given in Figure 

1. The studied sourdough samples have pH values ranging from 4.32 to 5.75 with TTA 

values in a narrow range from 0.94 to 1.73/ml. Moisture content of the samples was 47.69 

to 57.12%. The median values of pH, total titratable acidity and moisture were 5.14, 1.38 

and 51.60, respectively. Maximum moisture content was observed D8 while minimum 

moisture content was shown in D27. In case of acidity, it was observed that D11 has 

minimum value and D25 had maximum value. Acidity and pH are the crucial factors in the 

succession of microbial communities. While analyzing the pH values of sourdough samples 

it was observed that D26 had unraveled minimum value although there was not a substantia l 

difference among these values. 

 

Figure 1. Total titratable acidity, pH and moisture content of sourdough samples 

 

3.3.2. FTIR analysis of sourdough samples 

Sixty sourdough samples were analyzed for the determination of gliadin degradation by 

FTIR analysis. Among all these samples, D13, D18, D41 and D58 revealed significant 
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gliadin degradation. While, among these four samples, D13 had complete degradation of 

gliadin and remaining 56 samples had non significant gliadin degaradation as shown in Fig. 

2. These were compared to the standard gliadin as control. This maximum degradation in 

these samples could be due to the diversity of microbiota present in sough samples. 

 

 

Figure 2. Hierarchical analysis of sourdough samples to evaluate gliadin degraded 

sample 

3.3.3. Distinct bacterial diversity between D13 and D50 

After the trimming of PCR primers and removal of the low quality, chimera reads, 70,833 

reads were corresponded to high quality partial 16S rDNA gene sequences longer than 150 

bp. The bacterial diversity (Shannon and Simpson) of D13 was bit higher than that of D50 

sample (Table 1). 
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Table 1. Shannon and Simpson diversity indices of genera in gliadin degraded samples 

and non-degraded samples 

 

3.3.4. Bacterial community structures between Degraded (D13) and non-degraded 

(D50) sample 

Altogether 6 bacterial phyla were observed in D50 and D13 samples. Five of these phyla 

were shared by both samples while 6 were present in D50 and 5 in D13, accounting for 

99.91%-100% of the total abundance of bacterial communities in each sample. It was 

observed that Proteobacteria (50.65%) was the most dominating bacterial phylum in D13 

while, Firmicutes (83.44%) were most abundant in D50. The second most abundant phylum 

in D50 and D13 were Proteobacteria (14.97%) and Firmicutes (42.53%), respectively (Fig. 

3). 
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Figure 3. Relative abundance of phyla in gliadin degrading and non-degrading 

sourdough samples 

At the genus level, only the genus that appeared more than twice in one sample type was 

considered as a valid genus. Thus, totally, 65 genera were detected in both samples, and 35 

of these genera were clearly classified. Among them, twenty-four genera were with an 

average relative abundance over 0.01% in at least one type of sample. These genera held 

99.11-99.47% of the total bacterial community. Only ten genera were with an average 

relative abundance over 1% in D50, including Lactobacillus (52.13%), Weissella (27.15%), 

Proteus (4.08%), Serratia (2.70%), Leuconostoc (2.26%), Psychrobacter (1.97%), 

Providencia (1.73%), Alcaligenes (1.58%), Brevibacteriam (1.36%) and Acinetobacter 

(1.10%). While, eleven genera were observed in D13 with an average relative abundance 

more than 1%, including Lactobacillus (33.73%), Psychrobacter (21.53%), Providencia 

(13.62%), Proteus (8.30%), Brevibacteriam (6.09%), Alcaligenes (3.80%), Bavariicoccus 

(2.96%), Carnobacterium (1.76%), Oceanobacillus (1.69%), Brevundimonas (1.57%) and 

Weissella (1.10%), These genera accounted for 96.12% and 96.21% in D50 and D13, 

respectively. Moreover, Bavariicoccus, Carnobacterium, Oceanobacillus and 

Brevundimonas were only present in D13 and Serratia and Acinetobacter were only 

observed in D50 (Fig. 4).  
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Figure 4. Relative abundance of genera in gliadin degrading and non-degrading 

sourdough samples 

3.3.5. Correlation of bacterial communities between D13 and D50  

As shown in Fig. 5, 52 genera were shared by D50 and D13, which accounted for 99.76%-

99.88% of the total abundance. Fifteen different genera were found in D13 and nine were 

observed in D50. 
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Figure 5. Venn-diagram for genera in gliadin degraded samples and non-degraded 

samples 

Principal component analysis (PCA) was performed to comparatively analyze the 

relationships of the bacterial communities in D50 and D13 sourdough samples. PCA (Fig. 

6) revealed that the bacterial community in D13 was distinct from that in the D50.  
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Figure 6. Principle component analysis of bacterial genera in gliadin degraded samples 

and non-degraded samples 

The bacterial community in the D13 was grouped to the left of the graph along F1. However, 

the bacterial community in the D50 varied considerably. It could be seen from the PCA that 

Proteus are in substantial abundance in gliadin degraded sample along with Weissella and 

Lactobacillus genera. The abundance of Lactobacillus in these samples could be due to low 

pH and high acidity, which is favorable parameter for LAB.   

3.4. Discussion 

The median values of pH, total titratable acidity and moisture were 5.14, 1.38 and 51.60, 

respectively. The results were comparable with findings of previous researches, (Zhang et 

al., 2011) they worked on Chinese sourdough but pH value of samples investigated in current 

study was higher and acidity was lower as compared to the findings of  Liu and coworkers 

(Luangsakul et al., 2009). The rationale for this may be the different acid producing 

microbiota present in the samples as well as the variable buffering capacity of the flour used 

in the production of sourdough (De Vuyst et al., 2002). Gliadin degradation in sourdough 
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was simply analyzed by FTIR analysis, and hierarchical clustering of obtained data reveale d 

considerable gliadin degradation in four samples (D13, D18, D41, D58) and complete 

gliadin degradation in D13 when compared with gliadin as control. Remaining 56 samples 

showed non-significant or zero gliadin degradation. The differences in microbial profile of 

sourdough samples might be responsible for the gliadin degradation. When FTIR data was 

clustered hierarchically with gliadin standard, two samples D13 and D50 were selected to 

evalute metagenomical comparison between these two sourdough samples. D50 sample was 

more closely clustered and found to have higher similarity (0.66) with gliadin standard, while 

D13 was clustred separately and have very low (-0.36) similarity with gliadin standard. 

These results helped to choose the possible gliadin degraded and non degraded samples. 

These findings act as a baseline and developed the interest to explore the responsible 

bacterial community for gliadin degradation in sourdough. 

Metagenomic analysis revealed that D13 sample with complete gliadin degradation showed 

higher diversity than D50 at specie level when calculated as Shannon and Simpson diversity 

indices. This is likely due to the production of diverse compounds in degraded sample which 

caused succession of more diverse bacterial community (De Vuyst and Neysens 2005). At 

phylum level Proteobacteria phylum was dominated in D13 while Firmicutes in D50. It was 

revealed that the diversity effects were more prominent with lower taxonomic levels, 

indicating probable functional redundancy of the sourdough samples. Diversity and richness 

at genus level was also different in D13 as compared to the D50. It was also observed that 

less genera were observed in D13 compared with D50 which might be due to the depletion 

of nutrients. Both samples have some shared as well as some unique genera but their relative 

abundance was varied among gliadin degraded and non-degraded sample. Bacterial 

community in D50 was in agreement with the findings of (Luangsakul et al., 2009; Zhang 

et al., 2011) but the bacterial community in D13 was insistent with their findings. This 

inconsistency in our findings might be due to the ecological factors (De Vuyst and Neysens 

2005). 

Key bacterial genera present in gliadin degraded sample was Proteus and Psychrobacter. 

These were found in high concentration in D13 while Lactobacillus abundance was 
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significantly decreased. It could be hypothesized that Proteus could be the responsible 

genera for gliadin degradation in D13. Variation in microbial profile of D13 and D50 was 

also authenticated statistically by plotting Heatmaps and PCA. Similar pattern of grouping 

as in the case of PCA was also observed in the heatmaps. These results were in corroboration 

with the findings of Zhang et al and Liu and his coworkers (Liu et al., 2016; Zhang et al., 

2011). They worked on the microbial communities of Chinese sourdough bread. They 

observed that Lactic Acid bacteria (Firmicutes) were in abundance in fermented sourdough 

samples. While the abundance of Proteobacteria in gliadin degraded sample was due to 

succession and drift of proteolytic bacteria. The difference in bacterial composition and 

abundance agrees with the comment “every sourdough can be considered as unique”, which 

usually due to the variation ecological factors, i.e. type of flour, nutrient composition, dough 

yield, temperature involved in different sourdough processes (Ganzel et al., 2008). In 

Pakistan the environmental conditions and handling techniques are rather different from 

other countries, absence of controlled processing conditions, which result into different 

microbial community. It could also be due to high concentration of gluten in Pakistani wheat 

varieties which is potential reason of high protein degrading microbial communities. 

CONCLUSION 

In conclusion, this research clarified the bacterial community in Pakistani sourdough 

samples and responsible bacterial community in gliadin degraded sample. Additionally, an 

unprecedented study on Pakistani sourdough samples was conducted to characterize the 

bacterial community. Firmicutes were dominating phyla in sourdough samples and 

Proteobacteria was the most abundant phyla in later. This study could help track the bacterial 

communities responsible for gliadin degradation for gliadin free fermented product 

development.
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Chapter 4. Isolation and characterization of the gliadin and phytic acid degrading 

microbiota from sourdough 

4.1. Introduction 

Wheat flour comprises of the most crucial ingredients and is an excellent exogenous source 

of amino acids, trace elements, dietary fiber, carbohydrates and vitamins (Zahedi et al., 

2010). It is a basic ingredient of many bakery products, such as pizza, pastries and cakes. 

Alternatively, wheat is also considered as a major cause of frequent health related and diet 

induced problems (Bourekoua et al., 2016). Gluten is the main protein in wheat which is 

formed after hydration of gliadin, alcohol soluble protein, and glutenin, saline solution 

soluble proteins. Celiac sprue is a disorder wherein genetically susceptible individual are 

sensitive to gluten proteins present in several renowned cereals. The only cure for celiac 

disease is a gluten-free diet (Qiao et al., 2004). This has raised a significant number of 

research towards such food products which are not only responsible to fulfill satiety but also 

a panacea for such disorders. Patients and consumers are despondent with unpleasant 

medication in order to cure disease which sometimes discourages them since these 

medication may have certain undesirable side effects (Arendt et al., 2007). Many techniques 

have been utilized to deal with gluten intolerance, among them sourdough is ultimate ly 

multifaceted procedure for celiac patients (Iravani et al., 2015; Moore, 2014). The 

convention to use lactic acid bacteria (LAB) has been considered in order to  hydrolyze the 

allergenic proteins during the sourdough fermentation of bakery items (Carlo G. Rizzello et 

al., 2007; Zannini et al., 2012). 

Moreover, the impact of microbiota on extending shelf-life (Moura et al., 2008) and 

improving volume (Day et al., 2006), and texture of bakery products is an additional benefit 

(Gallagher et al., 2004; Arendt et al., 2011). The use of several combinations of lactic acid 

bacteria and yeast in sourdough (Gobbetti et al., 2014), around the last decade, have shown 

an enormous ability regarding the reduction of gluten contents during fermentat ion 

(Loponen et al., 2007; M’hir et al., 2008). 

The present study was undertaken with the aim to isolate and characterize the gluten 

hydrolyzing microbiota from locally fermented sourdough (Khamir) in Pakistan. So far, no 
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such study has been conducted in Pakistan to isolate gliadin degrading microbiota with 

probiotic characteristics. These isolates can be used in baking industry in future for the sake 

of celiac patients. 

4.2. Materials and methods 

4.2.1. Sourdough sampling 

A total of sixty sourdough samples were previously collected from different local shops 

(bakeries), in Rawalpindi and Islamabad, major twin cities of Pakistan. These samples 

involved autochthonous wheat dough fermentation for production of naan or bread. Gliadin 

degraded sample (D13) was used to isolate microbiota with ability to degrade gliadin by 

culture dependent method. This sample was previously selected based on the FTIR analys is.  

4.2.2. Isolation of indigenous gliadin degrading microbiota  

4.2.2.1. Gliadin specific media preparation 

Gliadin degrading microbiota were isolated from sourdough sample by using a specific 

gluten limited agar (GA) described by Zamakhchari et al., (2011) was prepared. One gram 

of sourdough was diluted with 10 ml of sterilized distilled water. Aliquots of 100 µl of 

sourdough suspensions were plated on gluten limited agar. The plates were incubated at 37 

°C for 48 h. High incubation time was adjusted due to the complexity of gluten protein and 

using this protein as sole protein source for microbial growth. 

4.2.2.2. Sub-culturing gliadin-degrading microbiota on different media 

Microbial colonies showing clear zone on gliadin agar plates were selected. The selected 

colonies were further propagated for purification on the de Man Rogosa Sharpe (MRS, 

Oxoid, UK) agar (pH 5.4, for Lactobacillus sp), M17 (Oxoid, UK) media (for Lactococcus 

sp) and Oxytetracycline Glucose Agar (OGA, for Yeast) (Zamudio et al., 2001). 

4.2.3. Identification of LAB and yeast strains isolated from sourdough 

4.2.3.1. Sub-culturing of isolates 

De Mann Rogosa Sharpe (MRS) agar medium with pH 5.4 was used for sub culturing the 

lactic acid bacteria. While Oxytetracyclin Glucose Agar (OGA) medium was used for sub-
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culturing yeast strains. These isolated colonies were further streaked on freshly prepared 

MRS agar and OGA plates followed by incubation at 37 °C for 24 h and 48 h, respectively 

4.2.3.2. DNA extraction of isolates 

DNA extraction was done via phenol chloroform method described by Umesha et al., (2016).  

The16S rDNA gene fragments of V4 for bacteria was generated by PCR, using 515F 

(GTGCCAGCMGCCGCGGTAA)/806R (GGACTACHVGGGTWTCTAAT) which were adjusted 

by adding ligation barcode. PCR was operated in three replicates with 20 µl reaction mixture using 

the Hot Star Taq Plus Master Mix Kit (Qiagen, USA) under the following conditions: initial 

denaturation, for 4 min at 96°C, followed by 34 cycles, denaturation for 40 s at 96 °C, annealing at 

56 °C for 50 s and extension was done for 1 min at 75 °C. Sequencing was done by using 

commercial service of Macrogen Inc. Korea (www.dna.macrogen.com). The analysis of The 

DNA sequences was carried out with the help of Internet BLAST Gene database 

(http://www. ncbi.nlm.nih.gov) and the sequences were submitted to the Gen Bank. 

4.2.4. Gliadin degradation determination of isolates by UV-Visible spectrophotometry 

Gliadin-degrading ability of the selected microbial isolates was determined by using UV–

Visible spectrophotometry. The Lactobacillus plantarum ATCC 14917 was used as positive 

control. These isolates were grown in GB (gluten limited broth) at 37 °C for 24 h, the 

suspension was centrifuged at 12000 g for 10 min. The supernatant was taken and reacted 

with ninhydrin solution (1:1 in ethanol) at 85 °C for 30 min. The samples were analyzed by 

spectrophotometer at 570 nm and values were recorded.  

4.2.5. Auto-aggregation assay  

A modified method of auto-aggregation experiment was performed based on the method 

described by Del Re et al., (2000). The bacterial isolates with ability to degrade gluten were 

cultured for 18 h on MRS agar and yeast for 36 h on OGA at 37 °C, the cells were centrifuged 

for 15 min at 4 °C (5000 g) and subsequently washed three times with phosphate saline 

buffer (PBS) of neutral pH. Further, cells were suspended in sterile PBS to obtain a 108 

cfu/ml. A suspension of 4 ml was vortexed for 10 s and incubated at room temperature for 

24 h. After 24 h interval, the auto-aggregation was measured at 600 nm. The percentage of 

auto-aggregation was expressed as follows:  

http://www/
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% 𝐚𝐮𝐭𝐨𝐚𝐠𝐠𝐫𝐞𝐠𝐚𝐭𝐢𝐨𝐧 = [(𝑶𝑫𝟏 − 𝑶𝑫𝟐)/𝑶𝑫𝟏] × 𝟏𝟎𝟎 

Where OD1 represents the optical density at 0 h and OD2 the data after 24 h. All experiments 

were performed in triplicate. 

4.2.6. Presence of β-galactosidase activity 

The β-galactosidase activity of the selected gluten degrading isolates was determined as 

described by (Chen et al., 2008). 

4.2.7. Antibiograms of isolated gliadin-degrading bacteria 

Selected gliadin-degrading bacterial strains and L. plantrum ATCC 14917 were tested for 

antibiotic susceptibility (Silva et al., 2017). In this study, antibiotic susceptibility of bacterial 

isolates was determined against ceftriaxone (CRO), ciprofloxacin (CIP), gentamicin (CN), 

novobiocin (NV), and vancomycin. 

4.2.8. Inhibition of pathogens by gliadin-degrading microbiota 

The antagonistic activity of isolates was carried out by using well diffusion assay with minor 

modifications (Tagg et al., 1971). Gliadin-degrading microorganisms were grown in MRS 

broth (pH 6.5) and OG. These inoculated broths were incubated at 37°C for 18–24 h after 

that cells were harvested by centrifugation (8000 g for 20 min at 4°C). The cell free 

supernatant was sterilized by filtration through a 0.22 μm filter (Millipore). The 

antipathogenic activity was determined against Staphylococcus aureus ATCC33862, 

Escherichia coli CIP103982, and Candida albicans ATCC1023. These pathogens were 

grown on Muller Hinton agar and were kept at 40°C for 4 h. Afterwards 100 μL of the filtered 

neutralized supernatants from all isolated strains were added to filter paper discs (6mm 

diameter) placed on the Muller Hinton agar plate surface, previously inoculated with 

indicator pathogens. The plates were incubated for 24 h at 37°C, and finally the plates were 

inspected for clear zones around the discs. 

4.2.9. In-vitro screening of the selected microbiota as candidate for probiotic 

4.2.9.1. Tolerance to low pH 

To determine the tolerance of strains to low pH, a suspension was prepared in OGB (Yeast) 

and MRS broth (Bacteria) and absorption was adjusted to 0.6 at 600 nm wavelength. It was 

concentrated by centrifugation at 5000 g for 10 min. It was suspended in 3 ml of phosphate 
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buffer solution (10 mmol/L phosphate pH 7.4) after washing with the same buffer. Different 

pH of suspensions was adjusted i.e. 2, 2.5, 3 and 7.4 with 2 mol/L NaOH and HCl. These 

suspensions were incubated for 3 h and then aliquots inoculated in OGB and MRS broth. 

After 24 h, samples were serially diluted and inoculated on OGA and MRS agar to determine 

cfu/ml and percentage survival was calculated by the following equation. 

𝑆 (%) =
(

𝑐𝑓𝑢
𝑚𝑙

) 𝑐𝑢𝑙𝑡𝑢𝑟𝑖𝑛𝑔 𝑚𝑒𝑑𝑖𝑎 + inoculum 𝑝𝐻  ×  100

𝑐𝑓𝑢
𝑚𝑙  𝑐𝑢𝑙𝑡𝑢𝑟𝑖𝑛𝑔 𝑚𝑒𝑑𝑖𝑎 + inoculum 𝑝𝐻 7.4

 

Where S describes the survival percentage and culturing media is different for bacteria and 

yeast 

4.9.2. Bile salt tolerance, cell surface hydrophobicity and cholesterol assimilation 

To determine bile salt tolerance and cell surface hydrophobicity, method of (Del Re et al., 

2000) was adopted. Cholesterol assimilation was determined by the method adopted by 

(Zlatkis et al., 1953). 

4.2.10. Statistical analysis  

 All results are expressed as mean ± SD (standard deviation) and were statistically compared 

and analyzed by the help of Statistix Version 8.1.1 software. Differences between means 

were assessed using Tukey’s test. Significant differences were defined as p < .05. 
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4.3. Results and discussion 

4.3.1 Isolation of gliadin-degrading microbiota from sourdough  

In this study, forty-five different colonies were appeared on gliadin agar plates. Fig. 1 shows 

the growth of gliadin-degrading microorganisms on gliadin specific agar plates. Isolates 

grown on gliadin agar were further sub-cultured on four different media i.e. McConky, OGA, 

MRS agar M17 plates and growth was monitored on these media. Only 22 isolates out of 45 

appeared on McConky, MRS agar, M17 and OGA. Microbial profiling was done in terms of 

morphological characterization. The growth of colonies on MRS agar and M17 plates were 

quite diverse. All the 22 isolates (3 yeast and 19 LAB) were again cultured on gliadin agar 

media for confirmation. 

     

Figure 1. Gliadin specific agar plates showing growth of sourdough microbiota arrow 

indicates the bacteria and yeast colonies growth on media. Only the gliadin-degrading 

microbes were grown as gliadin was the sole source of protein. 

4.3.2. Identification of isolated lactic acid bacteria (LAB) and yeast strains  

MRS agar plates supported the growth of lactic acid bacteria while OGA plates favored the 

growth of yeast strains. From all the sourdough samples, seven gliadin-degrad ing 

microorganisms were isolated including two bacilli, 5 cocci and 3 were yeast (Table 1). 

These isolates were further characterized by biochemical and molecular methods. 
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4.3.3. Identification of Isolates by biochemical and DNA sequence 

Seven bacterial and three yeast isolates which revealed good gliadin degradation results were 

morphologically and biochemically analyzed prior to sequencing them. Among 7 bacterial 

isolates all were gram positive; among them 5 were cocci (catalase negative, oxidase 

negative, proteolytic positive and positive amylolytic) and two were rod; (catalase positive, 

oxidase negative, proteolytic negative and positive amylolytic). All three yeast strains had 

ability to grow on high osmotic concentration and were lactose positive. These analyses were 

done prior 16S and 28S rDNA gene sequence and strains were determined by BLAST and 

submitted to NCBI to get accession numbers as shown in Table 1. 

Table 1. Molecular identification of isolates. 

 

Strain Code Species Accession number 

QAUWA02 Wickerhamomyces anomalus KU949595.1 

QAUWA03 Wickerhamomyces anomalus KU949596.1 

QAUWA04 Wickerhamomyces anomalus KU949597.1 

QAUSD07 Bacillus cereus KY785327.1 

QAUSD06 Enterococcus faecalis KY785326.1 

QAUSD02 Enterococcus faecalis KY785322.1 

QAUSD05 Enterococcus faecalis KY785325.1 

QAUSD03 Bacillus megaterium KY785323.1 

QAUSD01 Enterococcus mundtii KY785321.1 

QAUSD04 Enterococcus faecalis KY785324.1 

4.3.4. Determination of efficient gliadin-degrading microbiota 

Ninhydrin biochemical assay was used to quantify the gliadin degradation efficiency of 

microbial isolates. This assay is based on the detection of the amount of amino acids 

produced because of degradation of gliadin by microbial fermentation. Seven bacterial and 

three yeast isolates were assayed, and it was found that E. mundtii QAUSD01 had the highest 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1062421706
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_345447048
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(p < .05) gliadin degradation ability among bacterial strains followed by B. cereus 

QAUSD07 as 39.30 and 29.58 μg/ml, respectively. While gliadin degradation between E. 

faecalis QAUSD02, E. faecalis QAUSD04, E. faecalis QAUSD05 and E. faecalis 

QAUSD06 were not significantly different (p < .05). B. megaterium QAUSD03 and the 

control (L. plantarum ATCC 14917) exhibited significantly low gliadin degradation as 

shown in Fig. 2. Among yeasts strains W. anomalus QAUWA03 exhibited maximum 

degradation (63.73 ± 0.75 μg/ml) followed by W. anomalus QAUWA02 and W. anomalus 

QAUWA04 having 59.66 ± 0.87 and 51.52 ± 0.78 μg/ml of gliadin degradation respectively. 

Gluten degradation ability of tested strains was higher might be due to gliadin as only protein 

source in which they were autochthonously grown. Moreover, in general Enterococcus sp 

have more extracellular proteolytic activity than Lactobcillus sp. 

 

Figure 2. Quantitative determination of gliadin degradation efficiency by spectroscopy. 

The error bars indicate the SD from three replicates. The results are significantly 

different among different strains at the level of p < 0.05. 
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4.3.5. Auto-aggregation assay and presence of β-galactosidase activity 

Auto-aggregation analysis were done for both bacterial strains and yeast strains. It was found 

that yeast strains had maximum auto-aggregation, W. anomalus QAUWA04 had highest 

auto-aggregation (p < .05) while W. anomalus QAUWA02 and W. anomalus QAUWA03 

had no significant difference between them. The bacterial strains had varying results, the 

control strain L. plantarum ATCC14917 had maximum auto-aggregation. However, in 

tested isolates E. faecalis QAUSD06 had highest auto-aggregation (p < .05) followed by E. 

faecalis QAUSD04, B. cereus QAUSD07 and E. mundtii QAUSD01 while E. faecalis 

QAUSD02 and B. megaterium QAUSD03 shown no significantly difference (p < .05) (Table 

2). These results concurred with study of Al-Atya et al., (2015), who evaluated auto-

aggregation ability of the potential probiotic E. faecalis strains isolated from meconium. 

Strains isolated in this study were naturally grown in uncontrolled environmental conditions 

so that they had good auto-aggregation potential. This characteristic might have developed 

by these strains as protective mechanism in nature complex ecosystem. 

Table 2. Auto-aggregation and β-galactosidase activity of isolates (n=3). 

Strain %  Auto-aggregation β-galactosidase activity (MU) 

Wickerhamomyces anomalus QAUWA02 61.24±0.27b 735±23a 

Wickerhamomyces anomalus QAUWA03 60.85±0.14ab 688±18c 

Wickerhamomyces anomalus QAUWA04 64.34±0.29a 706±31b 

Lactobacillus plantrum ATCC 14917 43.89±0.24c 347±47h 

Enterococcus mundtii QAUSD01 40.57±0.17de 513±14d 

Enterococcus faecalis QAUSD02 33.43±0.11f 421±25g 

Bacillus megaterium QAUSD03 32.54±0.31f 456±29f 

Enterococcus faecalis QAUSD04 42.37±0.31cd - 

Enterococcus faecalis QAUSD05 39.87±0.31e 496±27e 

Enterococcus faecalis QAUSD06 44.00±0.51e - 

Bacillus cereus QAUSD07 41.12±0.22cd - 
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All the results were obtained after 24 h and the values are represented as mean SD of three 

independent replicates. The auto-aggregation ability and β-galactosidase activity were 

significantly different between different isolates at the level of p < .05 as measured by 

Tukey's test. 

Lactose intolerance is term described to denote the uneasiness that results due to the 

ingestion of milk or lactose composed products. This can be caused due to inappropriate 

amount of β-galactosidase to digest it in intestine. That's why patients suffering from this 

need to avoid lactose-based products such as milk or dairy products (Raghavendra & Halami, 

2009). In this study, yeast strains had highest β-galactosidase (p < .05) activity compared to 

bacterial strains. All three yeast strains had ability to hydrolyze β-galactoside, W. anomalus 

QAUWA02 had revealed the significantly high hydrolysis while W. anomalus QAUWA04 

and W. anomalus QAUWA03 had no significant difference (p < .05).  

Bacterial strains had significantly low activity and not all isolated strains had ability to 

degrade β-galactoside. Among these strains B. cereus QAUSD07, E. faecalis QAUSD04 and 

E. faecalis QAUSD06 had revealed no activity while E. mundtii QAUSD01 had 

comparatively higher (p < .05) activity followed by E. faecalis QAUSD05, B. megaterium 

QAUSD03 and E. faecalis QAUSD02 (Table 2). Cebrian et al., (2012) also found similar 

results when they conducted an experiment on the characterization of functional, safety and 

probiotic potential of E. faecalis UGRA10. This study was in corroboration with the earlier 

findings (Riaz Rajoka et al., 2017), regarding probiotic potential of Lactobacillus 

rhamnosus, isolated from human milk.  

4.3.6. Antibiograms of isolated gluten-degrading bacteria 

The results revealed that B. megaterium QAUSD03, E. faecalis QAUSD04 and E. faecalis 

QAUSD05 had no significant susceptibility against Ceftriaxone. While no significant 

difference (p < .05) was observed among all remaining strains and these strains had partial 

susceptibility. All bacterial strains were not susceptible to Ciprofloxin, Gentamic in, 

Novobiocin and Vancomycin. Highest susceptibility of all strains was observed against 

vancomycin and among all strains E. mundtii QAUSD01 had revealed maximum 
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susceptibility (p < .05) against it. Novobiocin exhibited partial susceptibility among all 

antibiotics used in this experiment after Ceftriaxone (Table 3). In this experiment L. 

plantarum ATCC 14197 had significantly high susceptibility against all antibiotics. These 

results were in accordance with the findings of Cebrián et al., (2012). They evaluated the 

susceptibility of E. faecalis strains against various antibiotics and disclosed that these strains 

were susceptible to applied antibiotics. This study also concurred with the results of Riaz 

Rajoka et al., (2017), worked on the probiotic properties of Weissella and Leuconostoc 

strains.  

 

Table 3. In-vitro screening of selected microbiota as candidate for probiotic, it is 

expressed as clearance zone (mm) (n=3). 

S: Susceptible, IR: Intermediate Susceptible, R: Resistant   

The antibiotic susceptibility is indicated as the diameter of the inhibiting zone around the 

isolate colonies. The values are the expressed as mean SD (n = 3). The data less than 20 mm 

indicate resistant (R); 20 mm–30 mm indicate intermediate susceptibility (IS), 30mm–

45 mm indicate antibiotic susceptibility (S). Significant difference was observed between 

strains and antibiotics by the Tukey’s test (p<0.05). 

Strain Ciprofloxin Ceftriaxone Gentamicin Novobiocin Vancomycin 

Lactobacillus plantrum ATCC 14917 S 

S S S S 

Enterococcus mundtii QAUSD01 S 

IS S S S 

Enterococcus faecalis QAUSD02 S S S S S 

Bacillus megaterium Q AUSD03 S R S S S 

Enterococcus faecalis QAUSD04 S R IS S S 

Enterococcus faecalis QAUSD05 S R S S S 

Enterococcus faecalis QAUSD06 S IS S S S 

Bacillus cereus Q AUSD07 IS R IS IS S 
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4.3.7. Inhibition of pathogens microorganisms by gliadin-degrading microbiota 

Antagonistic activity of gliadin-degrading microbiota was evaluated against S. aureus 

ATCC33862, E. coli CIP103982 and C. albicans ATCC10231 (Results not shown). W. 

anomalus WAQAU03 exhibited clear zone of 12mm against C. albicans that was 

significantly high among all yeast strains, followed by W. anomalus WAQAU02 and W. 

anomalus WAQAU04 which had 8 and 7mm inhibition zones, respectively. 

While two yeast strains W. anomalus WAQAU03 and W. anomalus WAQAU04 had no 

inhibition against bacterial pathogens. These results were in corroboration with the studies 

reported the possible antagonistic interactions between yeasts (Golubev, 2006) who studied 

the effect of volatile thermolabile toxic amine on S. aureus and E. coli. Among all bacterial 

strains only E. mundtii QAUSD01, E. faecalis QAUSD06 and L. plantarum ATCC 14917 

showed antagonistic effect against C. albicans ATCC10231. While E. faecalis QAUSD04 

(8 mm) had revealed significantly high (p < .05) inhibition against S. aureus ATCC33862 

followed by E. mundtii QAUSD01 and L. plantarum ATCC 14917 which had 6 and 5mm 

zone of inhibition, respectively. However, all other strains had significantly (p < .05) lower 

inhibition against it. The control positive strain; L. plantarum ATCC 14917 showed 

significantly high antagonistic effect against E. coli CIP103982 (9 mm) followed by E. 

mundtii QAUSD01, E. faecalis QAUSD04, E. faecalis QAUSD06 and E. faecalis 

QAUSD05 had 6, 4 and 2mm zone of inhibition respectively. While B. cereus QAUSD07 

and B. megaterium QAUSD06 had shown no inhibition against E. coli CIP103982. These 

results were concurred the vaginal origin lactic acid bacteria (Al Kassa et al., 2014). The 

antimicrobial activity of lactic acid bacteria and bacillus sp. is well known due to variety of 

inhibitory metabolites production, especially bacteriocins. 

4.3.8. In-vitro screening of selected microbiota as candidate for probiotic  

Survival in human gut conditions is one of the crucial aspects of probiotic strains based on 

tolerance to low pH, Bile salt tolerance, attachment to intestinal mucosa (hydrophobic ity) 

and cholesterol assimilation. The tested bacterial strains exhibited variable survival level in 

MRS broth (pH 2.5) while no significant change (p < .05) in survival of yeast strains was 

observed in OGB (2.5 pH). The E. mundtii QAUSD01 showed significantly higher surviva l 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3525881/#B68
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among all bacterial strains followed by E. faecalis QAUSD04 strains and B. megaterium 

QAUSD03, while E. faecalis QAUSD05 had lowest survival-ability. The strains E. faecalis 

QAUSD02, B. cereus QAUSD07 and E. faecalis QAUSD06 had no significant difference, 

as they could not survive at low pH (Table 4.). The viable counts of all bacterial and yeast 

strains after 3 h incubation in pH adjusted to 2.5 in OGB medium were in accordance with 

earlier findings (García- Hernández et al., 2012). The isolated yeast from broilers excreta to 

evaluate in-vitro potential of yeast as probiotic candidate. (Al-Atya et al., 2015) also 

concurred same results as isolated E. faecalis strains from meconium and evaluated them for 

their probiotic potential. Similarly, the results of this study were in corroboration with the 

studies of Riaz Rajoka et al., (2017).  

Table 4 shows the ability of microbial strains to survive in bile salt media. It was revealed 

that yeast strains had significantly high ability to survive among all strains while there was 

no significant difference found among yeast strains. There was lot of variability found in 

bacterial strains. The E. mundtii QAUSD01 exhibited the highest ability to survive at 0.4% 

bile salt concentration while E. faecalis QAUSD04 had no significant difference to the afore 

mentioned strain. Similarly, there was no growth of B. cereus in media at 0.4% bile salt 

concentration while E. faecalis QAUSD02, B. megaterium QAUSD03, E. faecalis QAU05, 

E. faecalis QAUSD06 exhibited no significant difference growth (Nueno-Palop and Narbad, 

2011). Riaz Rajoka et al., (2017) had worked on probiotic assessment of E. faecalis strains 

which were isolated from human gut and their results are in accordance with our findings.  

Bile salt tolerance is the major criteria for the evaluation of probiotic strains as this will 

denote the survivability of strains in adverse environment of human intestine.  

Bile salts play an important role in physiology function with respect to the survival of LAB 

in intestine. It is reported that 0.3% bile salt concentration is crucial concentration to evaluate 

the probiotic potential of strains and this study used 0.4%. This resulted in significantly 

(p < .05) low survivability of most bacterial strains but significant (p < .05) survivability of 

all yeast strains. These samples were collected from local bakery shops which had 

unhygienic conditions. So, this could be due to the contamination of sourdough samples with 
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human stool. Which consisted of high level of bile salts and attributed to the bile salt 

tolerance of these strains.  

Microbial cell Surface hydrophobicity could be estimated by determining the level of 

bacterial attachment with interface of numerous organic substances in liquid culture media 

(Aswathy, et al., 2008). In this study xylene was used to evaluate the hydrophobicity of the 

microbial strains. These values can determine the ability of microbiota to colonize in GIT of 

human. The results showed that the yeast strains had significantly high hydrophobicity (p < 

.05) among all microbial strains (Table 4). A significantly high value of hydrophobicity was 

observed in W. anomalus QAUWA04 while W. anomalus QAUWA02 and W. anomalus 

QAUWA03 had no significant difference (p < .05). The tested bacterial strains had moderate 

hydrophobicity among all these strains E. faecalis QAUSD05 had the maximum value 

followed by E. faecalis QAUSD02 and no significant difference was recorded among E. 

mundtii QAUSD01, E. faecalis QAUSD06, B. cereus QAUSD07, B. megaterium QAUSD03 

and E. faecalis QAUSD04.  

Hydrophobicity can vary among genetically close related species and even among strains of 

the same species (Schär-Zammaretti and Ubbink, 2003). It was observed in some studies 

that strains with high values of hydrophobicity do not always attach to HT-29 cells at a high 

level. It was demonstrated by various studies that L. pentosus ST712BZ strain, characterized 

by a relatively low hydrophobicity value (38%) revealed attachment to HT-29 cells at 63%. 

Cebrián et al., (2012) worked on the attachment of E. faecalis strains with Caco 2 and HeLa 

299 cell lines and found similar results. Thus, it can be concluded that hydrophobicity may 

help in attachment but is not a compulsory prerequisite for colonization (Silva et al., 2017; 

Todorov et al., 2008). 

Microorganisms require lipid derivatives during their growth because various types of fatty 

acids play an important role in the synthesis of eukaryotic cell membranes and its protection 

(Luparia et al., 2004). Cholesterol assimilation by isolated strains is shown in Table 4. 

Cholesterol assimilation assay showed significant variation among the microbial strains. 
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Among yeast strains W. anomalus QAUWA04 revealed highest (74.55 ± 2.12) cholesterol 

assimilation (p < .05) while remaining strains had low values. Significant variation was 

observed in bacterial strains. However, E. faecalis QAUSD02 had significantly high value 

followed by E. mundtii QAUSD01 and lowest value was observed in E. faecalis QAUSD05 

while E. megaterium QAUSD03 and B. cereus QAUSD07 had no significant difference 

(Table 4). It has been reported for years that LAB can assimilate cholesterol from bile salts 

and cholesterol supplemented growth media (Kimoto et al., 2002; Riaz Rajoka et al., 2017). 

The bacterial ability to assimilate the cholesterol greatly varies between strains due to genetic 

variations and adaptation (Psomas et al., 2003). It was revealed that yeasts removed 

cholesterol during their growth in media supplemented with cholesterol micelle. In this 

experiment L. plantarum ATCC 14917 (control probiotic strain) had significantly high 

values for pH tolerance, bile salt tolerance, hydrophobicity and cholesterol assimilation and 

these values were close to the values for E. mundtii QAUSD01.
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Table 4. In-vitro screening of selected microbiota as candidate for probiotic (n=3) 

All the results were obtained after 24 h and the values are represented as mean SD of three independent replicates. The  

cholesterol assimilation, hydrophobicity and bile salt tolerance (0.4%) and pH tolerance (2) were significantly different 

between different isolates at the level of p < 0.05 as measured by Tukey's test. However, no significant difference was  

observed among yeast strains for pH tolerance and bile salt tolerance at the level of p < 0.05 as measured by Tukey's test

Strains pH tolerance (%) Bile salt tolerance (%) Hydrophobicity (%) 

Cholesterol 

assimilation (%) 

 2.0 2.5 3.0 7.4 0 0.2 0.4   

Wickerhamomyces anomalus QAUWA02 96.2
a
 97.4

a
 98.7

a
 100

a
 100

a
 99.4

a
 98.7

a
 57.93 ± 0.95

c
 52.67 ± 2.78

c
 

Wickerhamomyces anomalus QAUWA03 96.8
a
 97.6

a
 98.9

a
 100

a
 100

a
 99.6

a
 98.9

ab
 58.68 ± 1.17

bc
 57.23 ± 1.54

b
 

Wickerhamomyces anomalus QAUWA04 95.7
a
 96.6

a
 97.7

a
 99.8

a
 100

a
 98.8

a
 97.8

b
 67.73 ± 1.45

a
 74.55 ± 2.12

a
 

Lactobacillus plantrum ATCC 14917 97.2
a
 97.7

a
 98.1

a
 100

a
 100

a
 99.7

a
 99.5

a
 60.86 ± 1.12

b
 41.87 ± 1.47

d
 

Enterococcus mundtii QAUSD01 89.0
ab

 91.1
ab

 92.4
b
 98.0

a
 100

a
 90.1

b
 72.9

c
 38.45 ± 0.54

f
 37.89 ± 0.98

f
 

Enterococcus faecalis QAUSD02 0.00 0.00 27.0
c
 86.0

ab
 100

a
 39.0

f
 25.9

e
 43.17 ± 1.23

e
 39.41 ± 1.21

e
 

Bacillus megaterium QAUSD03 87.6
b
 88.9

b
 91.4

b
 97.7

a
 100

a
 59.9

c
 26.2

e
 09.48 ± 1.14

g
 27.78 ± 0.78

h
 

Enterococcus faecalis QAUSD04 88.4
b
 91.3

b
 93.1

ab
 100

a
 100

a
 92.4

b
 67.4

d
 11.24 ± 0.93

g
 33.75 ± 0.97

g
 

Enterococcus faecalis QAUSD05 85.7
b
 89.4

b
 92.4

b
 100

a
 100

a
 47.2

d
 25.5

e
 55.84 ± 0.87

d
 24.17 ± 0.65

i
 

Enterococcus faecalis QAUSD06 0.00 0.00 22.0
c
 82.0

b
 100

a
 41.4

e
 14.7

f
 37.45 ± 0.72

f
 34.69 ± 0.53

g
 

Bacillus cereus QAUSD07 0.00 0.00 20.0
c
 84.0b 100

a
 18.5

g
 00.0 37.71 ± 1.11

f
 28.54 ± 0.41

h
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4.3. Conclusion 

Fermented food products constitute an ever-interesting habitat for the discovery of new 

strains of lactic acid bacteria. These bacteria might be helpful in improving the technologica l 

and nutritional properties of fermented products. LAB diversity is quite fascinating not only 

at their species level, but also at strain level, this is because most of their concerned 

properties are strain dependent. It’s a hypothesis that most probiotic strains are present in 

food material especially fermented food. Keeping this in mind, this study was conducted to 

isolate and evaluate the gliadin-degrading bacteria as potential probiotic candidate. The yeast 

strain W. anomalus QAUWA03 and bacterial strain Enterococcus mundtii QAUSD01, 

isolated from the locally fermented sourdough, showed excellent characteristics to be further 

evaluated in vivo studies and could be a probiotic candidate in food industry. We could 

conclude from this study that the E. mundtii QAUSD01 and W. anomalus QAUWA03 is 

safe to use in cereal fermentations and a guaranteed healthier and affordable sourdough could 

be established to make it consumable for the celiac patients.
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Chapter 5: Application of the Selected Microbial Strains for Synchronous Gliadin and 

Phytic acid Degradation in Wheat Dough Fermentation  

5.1. Introduction:  

Celiac disease (CD) results from a combination of gliadin exposure and genetic factors 

(HLA; Human Leucocyte Antigen) and this disorder appears to be exacerbating with 

increasing numbers of sufferers (Dowd and Jung, 2017; Green et al., 2015). It is more 

prevalent in Europe and North America than in Indonesia, South Korea, Philippines and 

many smaller Pacific islands where it is rare, which is likely due to low wheat consumption 

together with a low frequency of HLA-DQB1*02 (Jacobsson et al., 2017). In South-East 

Asia, HLA-DQB1*02 has been noted to be present in more than 5 % of the population but 

CD is rare, as staple diets are based on rice. In contrast, prevalence rates of CD in Pakistan 

are similar to those observed in Europe, which is probably due to high dependency on 

gliadin-based diets as wheat is a food staple in Pakistan. To date, the only treatment for CD 

patients is a lifelong gluten-free diet (Gujral et al., 2012). Several food technologica l 

techniques have been attempted to lower gluten levels in wheat products includ ing 

sourdough fermentation (Moore and Gainer, 2014). Sourdough is a leavening agent and is 

traditionally obtained via a back-slopping procedure (Gänzle et al., 1998; Nionelli and 

Rizzello, 2016). Nowadays, novel biotechnological procedures have been adopted 

industrially to shorten the sourdough fermentation process such as the use of lactic acid 

bacteria and type II sourdough fermentation (Corsetti et al., 1998; Rinaldi et al., 2015). The 

use of lactic acid bacteria in sourdough fermentation improves the structure of bread, 

enhances the nutritional and organoleptic qualities of the ingredients, increases uptake of 

essential minerals and bioactive compounds and can also improve the glycemic response 

(Minervini et al., 2015; Ventimiglia et al., 2015). Among the various factors that affect the 

fermentation process, the most important are the nature of the microbes, type of flour, 

environment, modality of sourdough proliferation and fermentation parameters (Minervini 

et al., 2016). In particular, the appropriate selection of starter culture is important to enhance 

the potential of the flour. In that regard, industrial starter cultures usage for fermentat ion 

have been restricted due to their limited capability to exploit the potential of various flour 

matrices (Coda et al., 2010).  
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In addition to the gut health-related issues of gliadin in wheat, the presence of the anti-

nutritional factor phytic acid in wheat-based cereals is also problematic. Excessive intake of 

unleavened bread containing a high phytic acid content has been consistently related to an 

increased risk of various trace mineral deficiencies (Sarwar Gilani et al., 2012). Intake of 

wheat flour with a high phytic acid content is associated with chelation of important essential 

trace minerals such as iron, zinc and copper that decreases significantly their bioavailabi lity 

(Hwalla et al., 2017). Iron deficiency is one of the prevailing nutrient deficiencies worldwide 

with reports of 800 million people suffering from this condition, particularly pregnant 

women and infants (McLean et al., 2009). Developing economies appear to be more 

vulnerable to iron deficiency. For example, approximately 50 % of non-pregnant women in 

Pakistan have been indicated to be iron deficient (Ullah et al., 2016). High intake of phytic 

acid in cereal-based diets is one of the major risk factors for iron deficiency in developing 

countries (Qamar et al., 2015). Whole grain cereals contain higher phytate content as 

compared to refined flours; however, whole grain products contain a significantly higher 

content of phytonutrients with health promoting benefits as compared refined cereal flours 

(Parmar et al., 2017). 

Pakistan is well known for its vast production and consumption of cereal grains (Zuberi et 

al., 2016). Wheat production (2016) in Pakistan was about 26 million tons and annual cereal 

production is increasing rapidly as an increase of 3% in production was recorded in 2015 

(FAO, 2016). Pakistan is leading country for wheat consumption with a consumption rate of 

24 million tons per year (USDA, 2016). Production of baked goods in Pakistan is increasing 

due to the improvement in national economic environment (Anjum et al., 2005). The most 

common food staple of Pakistan is wheat-based bread (Briones Alonso and Swinnen, 2016; 

Khan, 2014). Baker’s yeast is used for making bread at artisanal and industrial level as there 

is seldom production of baked goods involving sourdough fermentation in Pakistan. 

Since sourdough fermentation could be a feasible commercial approach to lower gluten and 

phytic acid content of baked wheat goods, the present study was performed to isolate and 

characterize the capability of lactic acid bacteria and yeast to concurrently degrade both 
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sodium phytate and gluten. In addition, the potential for sourdough fermentation to reduce 

toxic effects of gliadin on human intestinal epithelial Caco-2 monolayers was assessed. 

5.2. Materials and Methods  

5.2.1.  Microorganisms and cultural conditions 

Based on properties to maximally degrade gliadin, 19 microbial strains were isolated and 

screened to determine those with the capability to degrade gliadin, which was based in our 

earlier studies (Sakandar et al., 2018). On this basis, two microbial strains, E. mundtii 

QAUSD01 (KY785321.1) and W. anomalus QAUWA03 (KU949596.1), (among other 

gliadin-degrading bacterial strains i.e E. faecalis QAUSD02 (KY785322.1), E. faecalis 

QAUSD04 (KY785324.1), E. faecalis QAUSD05 (KY785325.1), E. faecalis QAUSD06 

(KY785326.1), E. megaterium QAUSD03 (KY785323.1) and Bacillus cereus QAUSD07 

(KY785327.1) while W. anomalus QAUWA02 (KU949595.1) and W. anomalus 

QAUWA04 (KU949597.1) were other yeast strains) were selected based on their probiotic 

potential and so were used for the present study. The bacterial strains were cultivated in 

MRS broth at 37oC and yeasts were cultivated in Sabouraud Dextrose Broth (SDB) at 37oC.  

5.2.2. Assessment of phytic acid degradation potential 

5.2.2.1. Qualitative assay 

For the qualitative degradation involving phytate, MRS agar medium was supplemented 

with sodium phytate, which was dissolved in sterilized distilled water and microfiltrat ion 

with 0.25 µm filter. A 3 µL suspension consisting of 107–108 CFU/ml was prepared for 

inoculation in wells. After 24 h of incubation, the microbial colonies were washed using 

autoclaved water and Petri plates were flooded with 2 % (w/v) CoCl2 solution (Bae et al., 

1999) and incubated for 5 min at 30oC. Thereafter, the solution consists of equal volumes of 

ammonium molybdate solution [6.25% (w/v)] and ammonium metavanadate solution 

[0.42% (w/v)] was used to replace the CoCl2 solution on the plates. The plates were 

examined for the phytate hydrolysis zone after 10 min of incubation by removing the 

solution (Haros et al., 2007). 
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5.2.2.2. Quantitative assay 

Microbial isolates with vivid zone of degradation were analyzed for their efficiency to 

degrade phytic acid by spectrophotometry (Helios Alpha Spectrophotometer, Thermo 

Scientific, USA) using 530 nm. For assessment of phytase activity, a modified method of 

Naito, 1975 was used to measure phytase-mediated release of inorganic orthophosphate from 

phytic acid. A reaction mixture was prepared containing 150 µL cell suspension and 600 µL 

substrate (3 mM sodium phytate dissolved in 0.2 M sodium acetate, pH 4.0), and incubated 

at 37oC (Shimizu, 1992). This reaction was hindered by the addition of 750 µL 5 % 

C2HCl3O2. The inorganic orthophosphate was determined by adding 750 µL of color reagent, 

which was prepared freshly by mixing four volumes of ammonium molybdate [1.5 % (w/v)] 

in a 5.5 % (v/v) H2SO4 solution and one volume solution of a FeSO4 [2.7 % (w/v)] (Sigma, 

F-7002). 

5.2.3. Sourdough fermentation  

Six wheat varieties containing different combinations of gliadin coding alleles were selected 

from various parts of Pakistan (Table 1). These varieties were subjected to fermentation with 

S. cerevisiae, W. anomalus QAUWA03, E. mundtii QAUSD01, consortium of E. mundtii 

QAUSD01 and W. anomalus QAUWA03. Commercially available baker’s yeast was used 

in 1.5 % (w/v) concentration for wheat fermentation. Samples without fermentation were 

used as controls. Microbial cells were cultivated till the late exponential growth phase, for 

their usage towards sourdough fermentation. Thirty grams of wheat flour from each variety 

was thoroughly mixed with 36 mL sterilized double distilled water and a 14 mL suspension 

containing 5×108 CFU/mL of one of the microbial strains to obtain 80 g of dough. Batters 

were incubated at 37oC for 36 h with stirring (200 rpm) following which the sourdough 

samples were immediately freeze-dried (Labconco freeze drier, USA) for further analysis. 

5.2.4. Proximate, rheological and metal analysis of the wheat varieties  

The six wheat varities were analyzed for water absorption, dough developing time, dough 

stability, dough tolerance or resistance and tolerance index according to AOAC (2006). 
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5.2.5. Metal analysis of wheat varieties by Proton Induced X-Ray Emission (PIXE)  

Dried flour taken for pellet formation and the pellet was placed in the PIXE apparatus. The 

concentration of various metals in flour was analyzed from the PIXE spectra by GUPIXWIN 

software package (Version SRIM-2008.04, University of Guelph, Canada). This provides a 

non-linear least square spectrum fitting, along with conversion of the fitted X-ray peak 

intensities into concentrations of elements; fundamental parameter method was used for 

quantitative analysis according to method of Mubark Ebrahim et al., (2014). 
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Table 1. Wheat Varieties with genetic and agronomic information 

 

Variety 

Name 

Release 

Year 

Parentage Pedigree 

Yield Potential 

(Kg/hectare) 

Ecology 

Glia-

A1 

Glia-

A1 

Glia-

A1 

Bars-2009 2009 PFAU/SERI//BOW CMSS97M00306S-0P5M-095Y-90M 010Y 5613 Rainfed areas a a A 

Lasani-2008 2008 LUAN/KOH-97 PBP.29645-14A-18A-8A-4A-2A-0A 6200 Irrigated areas b a a 

Seher-2006 2006 
CHILL/2* STAR/4/BOW//BUC/PVN/3/2*VEE#10 

CM SS95Y00645-100Y-200M-17Y-10M-0Y-0PAK 7000 Irrigated areas b a b 

Chakwal-97 1998 BUC'S'/FCT 'S' CM64663-7M-0Y-0M-7Y-0M 5500 Rainfed areas a b a 

Barani-83 1983 BB/GLL/3/GTO/7C//BB/CN0 CM32347-3M-1Y-1M-1Y-1K-0A-0PAK 5200 Rainfed areas a b b 

Shafaq-2006 2006 V 87094(LU 26/HD 21790/ 2*INQALAB 91 PB 28633P-2A-6A-0A 6000 Irrigated areas b b a 
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5.2.6. Determination of phytic acid by GC-MS 

5.2.6.1. Sample preparation  

Twenty-five milligrams of freeze dried sample from sourdough was shaken with 200 μL of 

12 M HCl for 4 h and then diluted with deionized water until pH 4 was reached and thereafter 

filtered through 0.45 μm membrane filter. Twenty microliters of sample were used for 

derivatization. 

5.2.6.2. Derivatization  

Derivatization of scyllo-inositol and phytic acid was done according to the method adopted 

by March et al., (2001). The concentration was performed based on the calibration curve 

using silylated compounds of scyllo- and myo-inositol standards as the reference peaks. 

5.2.6.3. Sample analysis 

Phytic acid or salts of phytate are component of cereals, especially the bran portion of cereals 

and nuts. The GC-MS analysis for the detection of phytate degradation is based on the 

silylated reaction of hexamethyldisilazane and chlorotrimethylsilane with myo-inositol and 

scylloinositol used as internal standards. Under these parameters, the synthesis of 

hexamethylsilylinositol readily occurs. The method for phytic acid determination involves 

separation of phytic acid from free myo-inositol and scyllo-inositol followed by hydrolys is 

of phytic acid to myo-inositol. If inositols are degraded by the fermentation, then no peaks 

will be observed. GC-MS analysis of phytic acid degradation was undertaken using an 

Agilent 7890A gas chromatograph coupled to a 5975C mass spectrometer and a DB-5MS 

column (J and W Scientific, USA). Helium gas was used as carrier gas with a flow rate of 

1 mL/min. An injection volume of 1 μL was used with a split ratio of 10:1. The oven 

temperature was set at 72 °C for 42 min and gradually increased to 315 °C at a rate of 5 

°C/min and maintained for 12 min at this temperature. The injector inlet temperature was 

295 °C and the transfer line temperature was 285 °C (March et al., 2001). 

5.2.7. Extraction and preparation of gliadin from fermented wheat dough samples  

Gliadin was extracted from the lyophilized fermented wheat flour samples. Salt soluble 

proteins from fermented wheat samples were first removed by the extraction of 10 g freeze 
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dried sample with 30 mL of 1 M sodium chloride in a shaker for 1 h. The samples were then 

centrifuged for 20 min at 4000 × g and the resulting pellet was centrifuged at 3500 × g for 

20 min after washing with 40 mL of double distilled water.  The resulting pellet was 

suspended in 30 mL of 70 % ethanol and the mixture was incubated for 60 min at 60 °C in 

shaking water bath. The gliadin in the supernatant fraction was lyophilized for further 

analysis. 

5.2.8. Fourier transform infrared spectroscopy (FT-IR) analysis of gliadin degradation 

To determine the degradation of gliadin as assessed by FT-IR, 2 mg of lyophilized sample 

was mixed with 198.0 mg KBr. The mixture was ground in a mortar to be homogeneous and 

pressed into a thin slice. FT-IR spectra were recorded on an FT-IR spectrophotometer 

(Vector 33, Bruker Co., Germany) using an FT-IR cell, and the internal reflection element 

was a Zn-Se plate. Spectra were recorded as the average of 128 scans at 2 cm-1 resolution. 

The cell compartment was flushed with dry nitrogen during measurements. FT-IR Spectra 

were Fourier self-deconvoluted by Peak Fit v4.12 software. At first, small band in amide I 

and amide II region from 1500-1600 cm-1 and 1600-1700 cm-1 was chosen as this band could 

cause a misestimation of the peak maximum and intensity of the amide I band and amide II 

of gliadin in sourdoughs. A linear baseline between 1500 and 1700 cm-1 was formed, and 

the baseline was linearly corrected. 

5.2.9. Reverse phase (RP)-high performance (HPLC) analysis of gliadin degradation 

To determine the degradation of gliadin as assessed by RP-HPLC, hydrolyzed gliad in 

isolated from each sample was mixed with 0.1 % Trifluoroacetic acid (TFA) and centrifuged 

at 5000 x g for 10 min. The resulting supernatant was filtered (0.45 µm Millipore T M  

membrane filters) and stored at –18 C. The supernatant underwent RP-HPLC analys is 

according to the method of (Antila et al., 1991). Analyses were carried out with HPLC 

(Model 126, Beckman, CA, USA) coupled with programmable solvent module for high-

pressure delivery of solvent. Chromatographic and spectral data was analyzed by the Gold 

System (ver. V810). For chromatographic separation, 100 L of sample was injected into a 

protein and peptide reverse phase C18 column (250 x 4.6 mm, J.T Baker Inc., US) and run 

at room temperature. The sample was eluted at a flow rate of 0.8 mL/min with two buffer 
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gradient system: solvent A, 0.1 % TFA in water (v/v); solvent B, 0.11 % TFA (60 % 

acetonitrile/40 % acidified water), which was increased linearly from 0-90 % over 50 min. 

The elution was monitored at 215 nm.  

5.2.10. Pepsin trypsin digestion 

A quantity of 120 mg of the gliadin extract from each sample was dissolved in 20 mL of 

sodium acetate buffer (50 mM, pH 4). Pepsin (6 mg; P-6887; Sigma-Aldrich, USA)) was 

mixed with sample and incubated at 37°C under agitation for 2 h. Following the incubation, 

142 mg of sodium phosphate was added and the pH (7.0) was adjusted by using NaOH. 

Afterwards, 6 mg of trypsin (T-7418; Sigma-Aldrich, MO, USA) was added and the solution 

was mixed and incubated for 2 h under agitation at 37°C. The resulting solution was heated 

at a temperature greater than 95°C for 10 min to stop the enzymatic reactions and the solution 

was lyophilized and stored at -20°C for further analyses. 

5.2.11. Preparation of Caco-2 monolayers to analyze gliadin toxicity  

5.2.11.1. Intestinal epithelial cell culture 

The effects of the fermentation-mediated gliadin degradation were assessed in terms of the 

viability of the monolayers of the Caco-2 intestinal epithelial cell line (American Cell Type 

Collection, HTB-37, Rockville, MD, USA; passage 23–40). Caco-2 cells were cultured in 

minimum essential medium (MEM; Gibco Invitrogen, Paisley, UK) supplemented with 10 

% fetal bovine serum (FBS; Gibco Invitrogen), 1 % non-essential amino acids (NEAA; 

Gibco Invitrogen), 0.1 % penicillin–streptomycin (Gibco Invitrogen), sodium bicarbonate 

(Gibco Invitrogen) and sodium pyruvate (Sigma-Aldrich, Seelze, Germany). Cells were 

cultured at 37oC in 5 % CO2 and passaged after 5-7 days, when they were reached 80 % 

confluency.  

5.2.12. Direct immunofluorescence and Zonula Occludens 1 (ZO1) localization 

migration in intestinal cell monolayers 

After Caco-2 cells were reached 80 % confluency at 25th passage, they were grown on 8-

chamber slides and incubated with PT-gliadin from the six wheat varieties fermented with 

E. mundtii QAUSD01 and W. anomalus QAUWA03 consortium to assess the effects on ZO1 

localization. The monolayers were fully developed after four days incubation in media. The 
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gliadin fractions were added at a concentration of 1 mg/mL to the Caco-2 cell monolayers. 

Caco-2 cells were then gently washed with phosphate buffer saline (PBS) and permeation 

was done with methanol for 2 min at -20oC. The Caco-2 monolayers were then washed with 

PBS three times and incubated with primary antibodies (FITC-conjugated anti-ZO1 

monoclonal antibody; Zymed Laboratories Inc., CA, USA). The slides were washed twice 

with PBS after 60 min of incubation, air-dried and observed under fluorescent microscope 

(Olympus fluorescent microscope, BX60 Olympus Corporation, Tokyo, Japan). 

5.2.13. Immunofluorescence microscopy  

To evaluate the impact of fermented gliadin on tight junction proteins, human intestina l 

Caco-2 cells were grown onto eight chamber glass slides (BD Biosciences, Erembodegem, 

Belgium) for immunofluorescence. After 4 days of culture, Caco-2 monolayers were washed 

twice with Hank’s balanced salt solution (HBSS; Gibco Invitrogen) and incubated overnight 

in MEM media supplemented with 10 % FBS, 1 % NEAA, sodium pyruvate, sodium 

bicarbonate. Afterwards Caco-2 cells were washed twice with PBS and 4 % 

paraformaldehyde used for fixation which was prepared from 97 % paraformaldehyde 

(Merck, Darmstadt, Germany) and 0.1 % Triton X-100 (Sigma-Aldrich, MO, USA) was 

used to permeate the cells. For the visualization of membrane ruffle formation, cells were 

stained for intracellular F-actin with phalloidin–fluorescein isothiocyanate (Sigma-Aldr ich, 

MO, USA) and observed under fluorescent microscope (Olympus fluorescent microscope, 

BX60 Olympus Corporation, Tokyo, Japan). 

5.2.14. Trans-epithelial resistance (TER) 

Caco-2 cells were grown on Millicell Culture inserts (Millipore Corporate, Billerica, MA, 

USA) until confluency for 21 days. The Millicell-ERS volt-ohm meter (Millipore Corporate, 

Billerica, MA, USA) was used for the measurement of resistance in the cell monolayers. 

When the TER value exceeded 600 ohms/cm2, cells were considered confluent. The 

monolayers were double washed and incubated for 24 h in MEM media.  After addition of 

PT-BSA and PT-gliadin, TER was measured immediately after refreshing the media and at 

the 1, 2, 4, 12 and 24 h time points. Sample analysis was carried out in duplicate and three 

independent experiments were carried out. 
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5.2.14. Statistical analysis 

SPSS version 13.0 for Windows (SPSS Inc., USA) was used for the principle component 

analysis (PCA) of experimental results. One-way ANOVA was performed on the phytic acid 

degradation results. Two-way ANOVA was applied for the TEER values. Tukey’s test was 

used to discriminate between the mean differences. Differences between data were 

considered significant at P < 0.05. 

5.3. Results  

5.3.1.  In vitro phytic acid degradation  

The nineteen isolates were analyzed for phytic acid degradation by the plate assay. The E. 

mundtii QAUSD01, E. faecalis QAUSD02, E. faecalis QAUSD04, E. faecalis QAUSD05, 

E. faecalis QAUSD06, Bacillus cereus QAUSD07 strains showed zones of phytic acid 

hydrolysis while E. megaterium QAUSD03 demonstrated no zone in second screening while 

and the remaining isolates had no zones of degradation even in first screening. E. faecalis 

QAUSD05 showed the maximum zone of hydrolysis, which was followed by E. mundtii 

QAUSD01 and B. cereus QAUSD07, E. faecalis QAUSD02 and E. faecalis QAUSD04 (Fig. 

1). 
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Figure 1. Phytic acid degradation by gliadin degrading bacterial isolates. Clearance  

zones indicates the phytic acid degradation and high clearance zones indicates more  

phytic acid degradation 

For quantitative measurement of phytic acid hydrolysis, the six isolates along with three 

yeast strains were analyzed by spectrophotometry using sodium phytate as substrate (Fig. 

2). E. faecalis QAUSD05 showed the maximum ability to degrade sodium phytate among 

all six strains by releasing 3.19 µM of phosphorus while E. faecalis QAUSD02, E. faecalis 

QAUSD06, Bacillus cereus QAUSD07 and E. mundtii QAUSD01 released 2.11, 1.98, 2.70 

and 2.76 µM of phosphorus, respectively. The yeast strains W. anomalus QAUWA02, W. 

anomalus QAUWA03 and W. anomalus QAUWA04 demonstrated a similar capacity to 

degrade sodium phytate as they released 3.42, 3.74 and 3.39 µM phosphorus, respectively. 

5.3.2. Physio-chemistry and rheological analysis 

Proximate analysis and the rheological results of the wheat cultivars are shown in Table 2. 

Proximate analysis of the wheat varieties showed that Barani 83 had the maximum protein, 

fat and ash content whereas Shafaq 2006 showed the lowest values of protein and ash. Barani 

83 had the maximum dough development time (9 min) and dough stability (12.5 min) while 

Seher 2006 had the shortest dough development time (4.5 min) and smallest percent of water 

absorption. The maximum water absorption was observed in Chakwal 97 whereas the lowest 
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values were seen in Seher 2006. Mineral analysis of the wheat varieties was performed by 

proton-induced X-ray emission (Table 3). Barani 83 showed the highest concentration of 

Mg and Fe while Lasani 2008 had the lowest concentration of Mg and Bars 2009 

demonstrated the lowest concentration of Fe.  

 

 

 Figure 2. Phytic acid degradation activity determination by spectrophotometer.   

Significant difference (different letters) was observed among different strains by the 

Tukey’s test (p<0.05). 
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Table 2. Proximate and rheological analysis of wheat varieties 

Wheat Variety 

Moisture 

(% )  

Fat 

(% ) Ash(% ) Protein (% ) 

DDT 

(min) 

WA 

(% ) 

MTI 

(B.U*) 

DS 

(min) 

Seher 2006 10.2 2.2 1.40 13.5 4.5 55.5 38 06.1 

Shafaq 2006 09.7 2.5 1.22 12.4 5.5 56.0 25 04.5 

Chakwal 97 10.0 2.3 1.50 12.7 7.5 65.0 35 05.8 

Barani 83 11.0 2.8 1.67 14.3 9.0 62.5 45 12.5 

Lasani 2008 11.4 2.3 1.50 13.0 6.5 58.0 40 11.3 

Bars 2009 11.0 2.4 1.40 12.5 5.5 63.0 30 09.8 

DDT; Dough Development Time, WA; Water Absorption, MTI; Mixing Tolerance Index, DS; Dough 

Stablity; *Brabender Units 

 

Table 3. Mineral Analysis of Wheat Varieties (micrograms per gram) 

Elements Barani 83 Chakwal 97 Shafaq 2006 Lasani 08 Seher 2006 Bars 2009 

Na 5590166 6364799 2814045 2492572 2893422 4015478 

Mg 2720864 1843166 2058564 1842995 1980667 2245876 

Cd 27519 26919 29423 20684 22669 24324 

S 208 102 266 93 125 156 

K 7012 6848 6214 5185 5950 5574 

Ca 2713 2679 2375 1645 2047 2185 

Cr 210 242 82 182 156.7 146 

Mn 87 106 71 72 95 85 

Fe 973 670 248 580 510 478 

Ni 25 25 13 39 37 23 

Cu 63 119 19 11 12 58 

Zn 52 46 29 16 28 34 

5.3.3. Gliadin degradation by wheat dough fermentation 

The effect of fermentation with various microbial isolates and consortia on gliad in 

degradation was analyzed by RP-HPLC is shown in Figure 3. In the control samples, gliad in 

eluted after 35 to 40 min with no notable difference seen among wheat cultiva rs. 
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Fermentation with commercially available S. cerevisiae showed no evidence of gliad in 

degradation of any of six wheat cultivars. This finding could be due to omission of sugar to 

facilitate the growth of this commercial yeast, which is normally added during industr ia l 

fermentation or for the production of bread. The W. anomalus QAUWA03 fermentat ion 

showed minimal effects on the degradation of the gliadin fractions with the wheat variety 

Chakwal 97 showing the greatest degradation. Similarly, low levels of gliadin degradation 

were noted with E. mundtii QAUSD01 with the maximum degradation of gliadin noted in 

Barani 83. In contrast, fermentation of the wheat varieties by the consortia of E. mundtii 

QAUSD01 and W. anomalus QAUWA03 showed significant gliadin degradation indicat ing 

synergistic effects on gliadin hydrolysis. Consortia fermentation caused maximum 

degradation in Shafaq 2006 with relatively lower degradation was observed in Barani 83. 

The other varieties of Bars 2009, Chakwal 97, Lasani 2008 and Seher 2006 had similar 

levels of gliadin degradation. Degradation percentage of different wheat cultivars after 48 

hours fermentation is presented in Table 4. Consortia fermentation also resulted small 

peptides and amino acids by degradation of gliadin. 
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Fig. 3. a. RP HPLC analysis of gliadin after fermentation. A denotes Control sample  

and the peaks shows no degradation of gliadin fractions; B denotes the fermentation of 

wheat flours with S. cerevisiae fermentation; C denotes the fermentation of wheat 

flours with W. anomalus QAUWA03 
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Fig. 3.b. RP HPLC analysis of gliadin after fermentation. A denotes Control sample  

and the peaks shows no degradation of gliadin fractions; D denotes the fermentation of 

wheat flours with E. mundtii QAUSD01 while, E denotes the fermentation of wheat 

flours with W. anomalus QAUWA03 and E. mundtii QAUSD01 consortia. Different 

colors express the various wheat varieties.   
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Table 4. Percentage (%) degradation of gliadin in thirty samples after 48 hours 

fermentation. Results are presented as means ± SD (n = 3) 

Wheat 

cultivars Control (A) 

S. cerevisiae 

fermentation (B) 
W. anomalus 

QAUWA03(C) 

E. mundtii 

QAUSD01(D) 

W. anomalus 

QAUWA03 and E. 

mundtii QAUSD01 

consortia(E) 

Barani-83 7 ± 1.7 11 ± 2.1 17 ± 1.6 28 ± 2.4 89 ± 4.6 

Bars-2009 6 ± 1.4 12 ± 1.9 19 ± 1.7 27 ± 2.6 91 ± 4.3 

Chakwal-97 7 ± 1.5 10 ± 2.3 20 ± 1.8 26 ± 2.2 91 ± 3.8 

Lasani-2008 7 ± 1.8 11 ± 2.1 19 ± 1.9 24 ± 2.3 90 ± 5.2 

Seher-2006 8 ± 1.4 13 ± 2.4 18 ± 2.1 23 ± 2.5 92 ± 4.9 

Shafaq-2006 6 ± 1.7 10 ± 1.9 16 ± 1.4 26 ± 2.1 93 ± 5.7 

 

5.3.4. Gliadin degradation assessment by FT-IR spectroscopic analysis  

In sourdough fermentation, degradation of protein is among the key factors influencing the 

overall sourdough food quality. Protein hydrolysis in cereal fermentation has been 

investigated extensively to improve flavor formation in baking and as an approach to 

decrease protein and peptide to concentrations considered to be safe for celiac patients. The 

change in structure of gliadin proteins in wheat sourdough fermentation for 48 h was 

determined using Fourier transform infrared spectroscopy, and then the resultant spectra 

showed Fourier self-deconvolution of the amide I and amide II bands in the regions of 1600 

to 1700 cm-1 and 1500 to 1600 cm-1, respectively. Significantly different spectra in the amide 

I and amide II bands for gliadin from sourdough fermented with W. anomalus QAUWA03 

and E. mundtii QAUSD01 consortium was noted (Fig 4b) in comparison to the control dough 

(Fig. 4a). No significant degradation was observed in dough fermented with S. cerevisiae 

with E. mundtii, and sourdough fermented with W. anomalus QAUWA03 after 48 h of 

fermentation (data not shown). The loss of secondary structure in W. anomalus QAUWA03 

and E. mundtii QAUSD01 consortium samples during fermentation indicates that the 

flexibility of gliadin in sourdough increased, which could facilitate gliadin degradation 

during fermentation. The modified secondary structure of gliadin reveals proteolysis of 

gliadin proteins as no peaks were observed in amide I and amide II region, which is a clear 
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indication of gliadin degradation in consortium fermented sourdough samples. No 

significant difference in gliadin degradation was demonstrated among all six fermented 

wheat cultivars. 

 

 

 

 Figure 4a. No significant difference was observed among all wheat cultivars (control). 

Significant peaks of gliadin were observed in amine 1 and amide II region. 
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Figure 4b. No significant peaks were observed in amine 1 and amide II region. 

However, no significant difference was observed among all wheat cultivars fermented 

with E. mundtii QAUSD01 and W. anomalus QAUWA03 consortium. 

5.3.5. Phytic acid degradation (in-situ) in fermented dough 

Among thirty samples, twelve samples with significant gliadin degradation were analyzed 

for phytic acid degradation. Phytic acid degradation in consortia fermented samples and 

control were analyzed by GCMS analysis (Fig. 5). These results showed that phytic acid was 

completely degraded by consortia fermentation while there is no degradation of phytic acid  
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observed in control samples. All six wheat varieties have no phytic acid present which are 

fermented by E. mundtii QAUSD01 and W. anomalus QAUWA03 consortium. 

 

 

Figure 5. Phytic acid degradation determination by GC-MS analysis and MS spectrum 

of myo-inositol. A: Control without fermentation; B: Consortia fermented samples. 

Different colors express the various wheat varieties. 

It is likely that the gliadin degradation could be not only attributable to the phytase enzymes 

produced by consortia as other factors such as low pH and the activation of phytase enzymes 

naturally present in flour could have acted together with the soaking in water to degrade 

phytic acid, particularly since phytic acid is not stable at low pH (Helbig et al., 2003). 
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5.3.6. Direct immunofluorescence and ZO1 migration in intestinal cell monolayers  

The tight junction protein ZO-1 was analyzed to establish whether the fermentation of 

consortia exerted any adverse effect on the tight junctions. Tight junctions in the control 

samples showed a curvy appearance and the tight junctions were shown to be destroyed with 

all the wheat cultivars, which is likely due to gliadin toxicity (Fig. 6a). In terms of the 

consortia fermentation for the six wheat varieties, only fermentation using Lasani 2008 

showed no detrimental impact on tight junction proteins (Fig 6b), which indicates that the 

toxic gliadin residues appeared to be completely degraded from this fermentation. In 

contrast, the other fermented wheat varieties demonstrated a negative impact on the tight 

 junctions of the monolayers as those consortia fermented samples showed straightened tight 

junctions as opposed to the smooth appearance in the controls. Wheat fermentation with E. 

mundtii QAUSD01, W. anomalus QAUWA03 and commercial S. cerevisiae strain showed 

no significant effects on tight junctions, smoothness and appearance (data not shown). 

Figure 6a. Effect of gliadin on tight junctions of Caco-2 monolayers in control 

sample. 
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Figure 6b. Effect of consortia fermented Lasani 2008 on tight junctions of Caco-2 

monolayers 
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5.3.7. Effect of fermentation on gliadin-induced membrane ruffle formation 

Gliadin has been reported to induce distinct membrane ruffling on the edges of Caco-2 cell 

monolayers clusters (Lindfors et al., 2008). PT-gliadin induced significant membrane ruffle 

formation in Caco-2 cells (Fig. 7a) as membrane ruffles covered most of the area of 

monolayers.  PT-gliadin of all wheat varieties treatment increased the ratio of cell cluster 

edge covered by ruffles. This type of ruffle formation was also observed in all wheat varieties 

which were fermented with S. cerevisiae, E. mundtii QAUSD01 and W. anomalus 

QAUWA03 alone (data not shown). Wheat varieties fermented with consortia of E. mundtii 

QAUSD01 and W. anomalus QAUWA03 had significantly reduced ruffle formation (Fig. 

7b). Among the wheat varieties, Lasani 2008 showed minimal ruffle formation as also shown 

by the PT-gliadin of Seher 2006 treatment on Caco-2 cell monolayers. These latter results 

indicated that the toxic gliadin fragments appeared to be completely degraded following 

digestion in these two wheat varieties as opposed to the other varieties. Fermentation of these 

two latter wheat varieties by the consortia also resulted into innocuous gliadin degradation 

in terms of adverse effects on Caco-2 cells. 

  

 

Figure 7a.. Ruffle formation by gliadin in control samples on Caco-2 monolayers  
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5.3.8. Fermentation counteracts the gliadin-induced increase in epithelial cell 

permeability 

The efficacy of consortia fermentation of different wheat varieties to hinder gliadin- induced 

increase in Caco-2 cell permeability as assessed by TER measurements is shown in Figure 

8. A significant change in TER values was observed in the control samples after 24 h. All 

wheat varieties fermented with consortia showed a change in TER values as compared to 

control values although only small non-significant changes were observed among the 

varieties. This finding indicates that consortia fermentation inhibited the gliadin- induced 

decrease in TER and so there was minimal adverse effects exerted onto the monolayers 

structures. In contrast, single strain fermentation did not inhibit the decrease in TER (data 

not shown). 

 

Figure 7b. No ruffle formation was observed in consortia fermented Lasani 

2008 gliadin on Caco-2 monolayers. 
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Figure 8. Effect of consortia fermentation on TER value. Double asterisks indicate highly 

significant difference and single asterisk is significantly difference in TER values after 

24 hours by Tukey’s test (p<0.05) 
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Moreover, the distribution of wheat varieties, rheological properties, metals analysis and 

TER values, was confirmed by the Principal Component Analysis (PCA), carried out on the 

Pearson’s r correlation matrix. (Fig. 9). The first two principal components (PC) explained 

the 47.4 % of the total variance. Shafaq 2006 wheat variety had correlation with Lasani 

2008. Both these varieties had positive correlation with TER values and non-significant 

correlation with protein content. It is observed that Chakwal 97 and Bars 2009 were 

negatively correlated with Lasani 2008 and Shafaq 2006. These two varieties are corelated 

with Sulphur, which indicates that Sulphur bonding was strong in sourdough of these 

varieties. Likely, this could be the cause of non-significant gliadin degradation and effect on 

TER values. 

  

Figure 9. Score and loading plot of the principal component analysis (PCA) carried out 

on the covariance matrix of wheat varieties, rheological properties, metals analysis and 

TER values.   
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5.4. Discussion 

The present study was carried out with the aim to isolate bacterial and fungal strains that can 

show the potential to concurrently degrade phytic acid and gliadin. This work has shown for 

the first time that fermentation by E. mundtii QAUSD01 and W. anomalus QAUWA03 

induced phytic acid and gliadin degradation. In addition, no adverse effects on the Caco-2 

cell monolayers was noted from the gliadin peptide fractions derived from wheat varieties 

fermented with consortia of E. mundtii QAUSD01 and W. anomalus QAUWA03. Various 

studies have been previously conducted involving the use of probiotic strains for degradation 

of phytic acid (García-Mantrana et al., 2016; Reale et al., 2007); however, the present study 

shows for the first time that fermentation by E. mundtii QAUSD01 and W. anomalus 

QAUWA03 can lead to concurrent degradation of phytic acid and gliadin. This consortium 

could be potential candidates for industrial food production. W. anomalus could be 

particularly useful as it has also been shown to induce a greater rate of carbon dioxide 

production as compare to standard S. cerevisiae strains (Walker, 2011). The present find ings 

corroborate the results of previous studies showing positive effects of certain probiotic 

microbial strains against certain glutenin and gliadin deleterious effects (Eggert et al., 2011). 

Earlier studies revealed that introduction of different probiotic strains in sourdough 

fermentation resulted in a varying efficacy of the hydrolysis of gliadin (De Angelis et al,, 

2006; Gobbetti et al., 2007). In addition, enzyme preparations (Rollan et al., 2005), cell 

extracts (Di Cagno et al., 2002) or intact probiotic preparations (De Angelis et al., 2006) 

have been shown to degrade gliadin peptides that have been indicated to play a pathogenic 

in CD. 

It has also been revealed that the composition of the wheat proteins especially gliadin and 

glutenin attribute to the physiochemical and rheological properties of wheat, these two 

proteins constitutes 80 % of total wheat proteins (Tatham and Shewry, 1995). It has been 

suggested that the gliadins generally contribute to dough viscosity and glutenins contribute 

to dough elasticity (KHATKAR, 1997). These two proteins are also found in various ratios 

which imparts different rheological properties to wheat varieties. It was observed in our 

study that gliadin was degraded exactly same in all wheat varieties. This could be due to the 
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high ratio of gliadin in those varieties as those varieties also revealed high viscosity 

compared to elasticity, which is the indication of high gliadin content and high relative ly 

high concentration of prolamins (Uthayakumaran et al., 1999). 

In summary, the data presented suggests that the E. mundtii QAUSD01 and W. anomalus 

QAUWA03 consortia has the potential to degrade gliadin in selected wheat varieties. The 

above fermentation was also shown to alleviate gliadin- induced insult in Caco-2 cell 

monolayers mediated by the Lasani 2008 wheat cultivar. Thus, probiotic microbes in 

sourdough fermentation have the potential for industrial use towards degradation of toxic 

gliadin fractions during food processing. The breakdown of phytic acid by E. mundtii 

QAUSD01 and W. anomalus QAUWA03-mediated fermentation could lead to additiona l 

health promoting benefits by improvement in the bioavailability of essential minerals. These 

strains should be investigated in future studies for their potential as oral supplements to 

alleviate CD, enhance iron absorption from fermented wheat products and use in the baking 

industry for production of sourdough bread. Certain research challenges are still needed to 

be addressed towards industrial applications of the identified probiotic strains in fermented 

breads and cereal foods. Such considerations include optimization of the manufactur ing 

conditions to evaluate the storage stability of the probiotic strains, the growth capacity and 

productivity of the sourdough starter culture as well as organoleptic characteristics of the  

final product. 
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The importance of cereal fermentation as the natural curative measure against certain 

metabolic diseases i.e. celiac and iron deficiency anemia is widely understood. However, in 

Pakistan no work has been done so for hence there is dire need to explore their potential 

through efficient studies.  

It was found that sourdough consist of very complex bacterial community. The Firmicutes 

were dominating phyla in non-gliadin degraded sourdough sample and Proteobacteria was 

the most abundant phyla in gliadin-degraded sample. It could also be concluded that gliad in 

degradation was not dependent on lactic acid bacteria. Culture dependent and cultura l 

independent analysis had unraveled different results. 

Secondly, gliadin and phytic acid degrading producing LAB and yeast were isolated from 

locally fermented sourdough (Khamir) samples by using specific media. It was concluded 

that the E. mundtii QAUSD01 and W. anomalus QAUWA03 had revealed promising 

potential probiotic. In conclusion, E. mundtii QAUSD01 and W. anomalus QAUWA03 is 

safe to use in cereal fermentations and a guaranteed healthier and affordable sourdough could 

be established to make it consumable for the celiac patients. The breakdown of phytic acid 

by E. mundtii QAUSD01 and W. anomalus QAUWA03-mediated fermentation could lead 

to additional health promoting benefits by enhancing in the bioavailability of essential 

minerals. 

The application of isolated microbial strains was done on various locally cultivated wheat 

cultivars. The E. mundtii QAUSD01 and W. anomalus QAUWA03 consortia unraveled 

positive impact on Caco-2 monolayers by ameliorating gliadin toxicity.
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The yeast strain W. anomalus QAUWA03 and bacterial strain Enterococcus mundtii 

QAUSD01 should be further evaluated in vivo studies. An extensive screening of isolates 

should be done for probiotic analysis from sourdough from Pakistan perspective. 

For more comprehensive diversity analysis sample size should be increased from different 

geographical. 

Fungal species in gliadin degraded samples should also be analyzed and compared for non-

degraded sample. When gluten is degraded in sourdough fermentation it effects the quality 

such consortia must be selected which only degrades the specific allergy causing fragments 

of gluten to sustain the bread quality. How the tTG, which normally is intracellular and in 

its inactive form, is activated and able to cause the deamidation reaction of the gluten 

peptides, is still unknown. 

Currently, there is interest in the role of the gut microbiome as an additional trigger factor 

contributing to the onset of disease. Perhaps of more importance is the need to better 

understand the interplay between the innate and adaptive immune system responses and how 

this leads to the villous atrophy that is characteristic of CD. Other autoimmune disorders 

could be unraveled by fully revealing celiac disease. These strains should be investigated in 

future studies for their potential as oral supplements to alleviate CD, enhance iron absorption 

from fermented wheat products and use in the baking industry for production of sourdough 

bread.
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pH determination 

The pH of sourdough samples was measured with a pH meter (Wellian model-Inolab 

pH 720, WTW 82362) by following the method of AOAC (2006). pH meter was caliberated 

before use by dipping the electrode of pH meter in buffers of pH 4 and 7.A sufficient quantity 

of sourdough sample was taken in a beaker. The electrode of pH meter was immersed in the 

sample and readings were recorded after standardizing the instrument with buffer solution 

of pH 4.01 and 7.0. 

Acidity Determination 

Acidity 

The acidity was determined by direct titration (AOAC 2006). 

i. Procedure 

A well mixed 1 gram sourdough sample in 9 ml water was taken in a beaker and 2-3 drops 

of phenolphthalein indicator solution were added in it. After that it was titrated against N/10 

NaOH until light pink color appeared which persisted for 30 seconds. The percent acidity 

was calculated in the sourdough as follows: 

 

Acidity (%) = 0.009 x volume of N/10 NaOH used (mL) x 100 

Weight of sample (g) 

 

Moisture determination 

Moisture in sourdough samples was determined by (AOAC, 2006), heating 5 gram sample 

in oven at 100 ºC for 3 hrs. Total solids were calculated by the formula 

Moisture content (%) =  
Total weight − weight after drying × 100

Total weight
 

DNA extraction from sourdough samples 

Ten grams of sourdough samples, provided from Modica and Ispica areas (sample A and B 

respectively) were resuspended into 90 ml of sterile physiological solution and homogenized 

for 180 s in a Stomacher. A total of 25 ml of suspension were placed into a 50-ml sterile tube 
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containing glass pearls (diameter, 3 mm; Tamson, Zoetermeer, the Netherlands) and mixed 

in a vortex mixer for 5 min. Then, the supernatant was transferred to clean tubes and 

centrifuged for 10 min at 10 000 rpm at 4_C. The cell pellets were resuspended in 1 ml of 

TE buffer and centrifuged at 8000 rpm for 10 min. The supernatant fluid was removed and 

the remaining 100 µl and pellet were mixed and transferred to a 2-ml screw-cap tubes 

containing 0.3 g of zirconium beads and 150 ll of phenol-TE (phenol equilibrated with TE) 

(Life Technologies, Carlsbad, CA, USA). The samples were treated at 5000 rpm for 180 s 

in a bead beater. After the addition of 150 ll of CI solution, consisting of chloroform and 

isoamyl alcohol at a 24: 1 (v/v) ratio, the tubes were vortexed briefly and centrifuged at 

13000 rpm for 5 min. DNA was obtained from the lysate by using phenol–chloroform–

isoamyl alcohol extraction and ethanol precipitation procedures.  

According to this method, the microbial cells were revived in 10 ml liquid culture (broth) 

media. The cells were taken in Eppendorf tubes and centrifuged at 12,000 rpm for 10 minutes 

to get a pellet. Supernatant was discarded and 700µl of lysis buffer was added which 

includes; 660µl TE buffer, 36µl of 10% SDS and 4µl of proteinase K solution.it was then 

subjected to overnight incubation at 50°C. After incubation,700µl of phenol-chloroform-

isoamyl alcohol (25:24:1) was added to the solution and it was centrifuged at 13,000 rpm 

for 10 minutes. As a result of centrifugation, two layers were formed; the aqueous phase was 

pipetted out in a new Eppendorf tube taking care not to pick the protein layer all along. the 

addition of phenol-chloroform-isoamyl alcohol and collection of aqueous phase after 

centrifugation was repeated twice. 700µl of chloroform was added and the solution was 

centrifuged at 13,000 rpm for 10 minutes. The aqueous phase was then transferred to the 

new tube. This step was repeated once. One tenth volume of 3M sodium acetate 

solution(NaOAc) was added. Then the solution was supplemented with two volumes of 

100% ethanol. DNA started to precipitate after addition of absolute ethanol and a gentle mix. 

DNA was kept at -70°C for one day to be precipitated. After that, the DNA was centrifuged 

at 13,000 rpm for 30 minutes at 4°C. The supernatant was removed, and the pellet was 

washed twice with 70 % ethanol and supernatant was removed. The pellest was then air 

dried. Finally, the DNA pellet was suspended in 50-70µl of TE buffer and was preserved 

overnight and stored at -4°C. 
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Gluten Limited Agar Composition 

The recipe of GA per 100 ml is: 2.3 g wheat gluten, 0.5 g NaCl (Fisher, Pittsburg, PA), 0.1 

g soluble starch(Fisher), 1.2 g agar (Fluka, Sigma-Aldrich), 0.04 g sodium 

bicarbonate(Fisher), 0.1 g glucose(Sigma-Aldrich), 0.1 g sodium pyruvate(Sigma-

Aldrich),0.05 g cysteine(Sigma-Aldrich), 0.001 g heamin and 0.0001 g Vitamin K (Beckton-

Dickinson, Franklin Lakes, NJ), 0.1 g L-Arginine (Sigma-Aldrich), 0.025 g soluble 

pyrophosphate and 0.05 g sodium succinate.  

Cholesterol assimilation assay 

A direct method for the quantitative determination of total serum cholesterol is described. 

The procedure consists of adding a reagent containing sulfuric acid, acetic acid, and ferric 

chloride to a 0.1 ml. sample of serum. The sensitivity achieved is several times that of current 

procedures and the time required for a single determination is in the order of minutes. 

Precision and reproducibility are demonstrated as well as the absorption characteristics of 

the purple color produced through the spectral range of 400 to 700 nm. 

Auto-aggregation 

Bacteria were grown at 37 °C for 24 h in TPY broth. The cells were harvested by 

centrifugation and suspended in PBS to 0·5 optical density (O.D.) units at 600 nm. Two 

ml bacterial suspension were placed in each tube and centrifuged. The cells were then 

resuspended in their culture supernatant fluids. After incubation at 37 °C for 2 h, 1 ml of 

the upper suspension was transferred to another tube and the O.D. measured. 

β-galactosidase activity 

The β-galactosidase activities of the commercial enzymes were assayed using o-nitrophenyl-

β-D-galactopyranoside (ONPG) as substrate. The initial rate of formation of free o-

nitrophenol (ONP) was recorded spectrophotometrically at 415 nm. One unit of enzyme 

activity (U) is defined as the amount of enzyme that liberates 1.0 μmole of o-nitrophenol per 

minute under assay conditions. 
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Sequences submitted on NCBI 

>KY785327.1: Bacillus cereus strain QAUSD07 

>KY785326.1: Enterococcus faecalis strain QAUSD06 

>KY785325.1: Enterococcus faecalis strain QAUSD05 

>KY785324.1: Enterococcus faecalis strain QAUSD04 

>KY785323.1: Bacillus megaterium strain QAUSD03  

>KY785322.1: Enterococcus faecalis strain QAUSD02  

>KY785321.1: Enterococcus mundtii strain QAUSD01 

>KU949596.1: Wickerhamomyces anomalus isolate QAUWA03 

>KU949595.1: Wickerhamomyces anomalus isolate QAUWA02 

>KU949597.1: Wickerhamomyces anomalus isolate QAUWA04 
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Foods containing high amounts of either phytic acid or gliadin can pose a risk for
development of iron deficiency and celiac disease, respectively. The present study was
conducted to evaluate the effects of preselected gliadin degrading strains, Enterococcus
mundtii QAUSD01 and Wickerhamomyces anomalus QAUWA03, on phytic acid and
gliadin degradation in six wheat cultivars (Lasani 2008, Seher 2006, Chakwal 97,
Shafaq 2006, Bars 2009, Barani 83). Tight junction proteins, trans-epithelial resistance
(TER) and ruffle formation in Caco-2 cells were evaluated relative to Saccharomyces
cerevisiae–mediated fermented and unfermented controls. Phytic acid degradation was
demonstrated in all six cultivars fermented with E. mundtii QAUSD01 and W. anomalus
QAUWA03 consortia. Among the six fermented cultivars, Shafaq 2006 showed relatively
higher degradation of gliadin. In comparison to the other tested wheat varieties,
fermentation of Lasani 2006 was associated with minimal toxic effects on Caco-2 cells
in terms of ruffle formation, tight junction proteins and TER, which can be attributed to
extensive degradation of toxic gliadin fragments.

Keywords: yeast, bacteria, fermentation, Caco-2, celiac

INTRODUCTION

Celiac disease (CD) results from a combination of gluten exposure and genetic factors (HLA;
Human Leucocyte Antigen) and this disorder appears to be exacerbating with increasing numbers
of sufferers (Green et al., 2015; Dowd and Jung, 2017). It is more prevalent in Europe and North
America than in other regions such as Indonesia, South Korea, Philippines, and many smaller
Pacific islands where it is rare, which is likely due to low wheat consumption together with a low
frequency of HLA-DQB1∗02 (Jacobsson et al., 2017). In South-East Asia, HLA-DQB1∗02 has been
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noted to be present in more than 5% of the population but CD
is rare, as the staple diet is based on rice. In contrast, prevalence
rates of CD in Pakistan are similar to those observed in Europe,
which is probably due to high dependency on gluten-based diets
in Pakistan where wheat is a food staple. To date, the only
treatment for CD patients is a lifelong gluten-free diet (Gujral
et al., 2012). Several food technological techniques have been
attempted to lower gluten levels in wheat products including
sourdough fermentation (Moore and Gainer, 2014). Sourdough
is a leavening agent that is traditionally obtained via a back-
slopping procedure (Gänzle et al., 1998; Nionelli and Rizzello,
2016). Nowadays, novel biotechnological procedures have been
adopted industrially to shorten the sourdough fermentation
processing time such as the use of specifically selective lactic
acid bacteria involving type II sourdough fermentation (Corsetti
et al., 1998; Rinaldi et al., 2015). The use of lactic acid
bacteria in sourdough fermentation improves the structure of
bread, enhances the nutritional and organoleptic qualities of
the ingredients, increases bioavailability of essential minerals
and bioactive compounds and can also improve the glycemic
response (Minervini et al., 2015; Ventimiglia et al., 2015).
Among the various factors that affect the fermentation process,
the most important are the nature of the microbes, type of
flour, environment, modality of sourdough proliferation and
fermentation parameters (Minervini et al., 2016). In particular,
the appropriate selection of starter culture is important to
enhance the functional and nutritional properties of the flour.
The usage of a variety of industrial starter cultures has been
restricted due to their limited capability to ferment various flour
matrices (Coda et al., 2010).

In addition to the CD-related issues of gliadin in wheat, the
presence of the anti-nutritional phytic acid factor in wheat-based
cereals is also problematic (Kumar, 2016; Ahmad Mir and Ahmad
Shah, 2018; Mehfooz et al., 2018). Excessive intake unleavened
bread consisting of lesser refined wheat flour containing a
high phytic acid content has been consistently related to an
increased risk of various trace mineral deficiencies (Sarwar Gilani
et al., 2012). In that regard, intake of wheat flour with a high
phytic acid content is associated with chelation of iron, zinc
and copper that leads to significantly decreased bioavailability
(Hwalla et al., 2017). Iron deficiency is one of the prevailing
nutrient deficiencies worldwide with reports of 800 million
people suffering from this condition, particularly pregnant
women and infants (McLean et al., 2009). High intake of phytic
acid in cereal-based diets is one of the major risk factors for iron
deficiency in developing countries (Qamar et al., 2015), which are
more vulnerable to iron deficiency. For example, approximately
50% of non-pregnant women in Pakistan have been indicated to
be iron deficient (Ullah et al., 2016). On the other hand, although
whole grain cereals contain higher phytate content as compared
to refined flours, whole grain products contain a significantly
higher content of phytonutrients with health promoting benefits
as compared refined cereal flours (Parmar et al., 2017).

Pakistan is well known for its vast production and consumption
of cereal grains (Zuberi et al., 2016). Wheat production in Pakistan
was about 26 million tons in 2016 and annual cereal production
is increasing rapidly as an increase of 3% in production was

recorded in 2015 (Food and Agriculture Organization of the
United Nations [FAO], 2016). Pakistan is leading country for
wheat consumption with a consumption rate of 24 million tons per
year (USDA/FAS, 2016). Production of baked goods in Pakistan
is increasing due to the improvement in national economic
environment (Anjum et al., 2005). The most common food staple
of Pakistan is wheat-based bread (Khan, 2014; Briones Alonso
and Swinnen, 2016). Baker’s yeast is used for making bread at
artisanal and industrial levels in Pakistan with seldom production
of baked goods involving sourdough fermentation.

Since sourdough fermentation could be a feasible commercial
approach to lower gluten and phytic acid content of baked
wheat goods, the present study was performed to isolate and
characterize the capability of lactic acid bacteria and yeast
to concurrently degrade both sodium phytate and gluten. In
addition, the potential for sourdough fermentation to reduce
toxic effects of gliadin on human intestinal epithelial Caco-2
monolayers was assessed.

MATERIALS AND METHODS

Microorganism and Cultural Conditions
In an earlier study (Sakandar et al., 2018), 19 microbial strains
were isolated and screened for those that could maximally
degrade gliadin. The study identified two gliadin-degrading
yeast strains (W. anomalus QAUWA02 (KU949595.1) and
W. anomalus QAUWA04 (KU949597.1) as well as several
gliadin-degrading bacterial strains (E. faecalis QAUSD02
(KY785322.1), E. faecalis QAUSD04 (KY785324.1), E. faecalis
QAUSD05 (KY785325.1), E. faecalis QAUSD06 (KY785326.1),
E. megaterium QAUSD03 (KY785323.1) and Bacillus
cereus QAUSD07 (KY785327.1) and E. mundtii QAUSD01
(KY785321.1). The bacterial strains were cultivated in MRTS
broth at 37◦C and the yeast strains had been cultivated in
Sabouraud Dextrose Broth (SDB) at 37◦C.

Wheat Cultivars Selection Criteria
Six wheat varieties containing different combinations of gliadin
coding alleles were selected from various parts of Pakistan
(Supplementary Table S1). These varieties had different genomic
characteristics and physiochemical properties.

Assessment of Phytic Acid Degradation
Potential
Qualitative Assay
For the qualitative degradation involving phytate, MRS agar
medium was supplemented with sodium phytate, which was
dissolved in sterilized distilled water and microfiltered using
a 0.25 µm filter. A 3 µL suspension consisting of 107–108

CFU/ml was prepared for inoculation in the wells. After 24 h of
incubation, the microbial colonies were washed using autoclaved
water and petri plates were flooded with 2% (w/v) CoCl2 solution
(Bae et al., 1999) and incubated for 5 min at 30◦C. Thereafter, a
solution consisting of equal volumes of ammonium molybdate
solution [6.25% (w/v)] and ammonium metavanadate solution
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[0.42% (w/v)] replaced the CoCl2 solution on the plates. The
plates were examined for the phytate hydrolysis zone after 10 min
of incubation after removing the solution (Haros et al., 2007).

Quantitative Assay
Microbial isolates with vivid zone of degradation were analyzed
for their efficiency to degrade phytic acid by spectrophotometric
assessment at 530 nm (Helios Alpha Spectrophotometer, Thermo
Scientific, United States). For assessment of phytase activity,
a modified method of Naito (1975) was used to measure
phytase-mediated release of inorganic orthophosphate from
phytic acid. A reaction mixture was prepared containing 150 µL
cell suspension and 600 µL substrate (3 mM sodium phytate
dissolved in 0.2 M sodium acetate, pH 4.0), and incubated
at 37◦C (Shimizu, 1992). This reaction was stopped by the
addition of 750 µL 5% C2HCl3O2. The inorganic orthophosphate
was determined by adding 750 µL of color reagent, which
was prepared freshly by mixing four volumes of ammonium
molybdate [1.5% (w/v)] in a 5.5% (v/v) H2SO4 solution and one
volume solution of a FeSO4 [2.7% (w/v)] (Sigma, F-7002).

Proximate, Rheological and Metal
Analysis of the Wheat Varieties
The six wheat varities were analyzed for water absorption, dough
developing time, dough stability, dough tolerance or resistance
and tolerance index according to AOAC (2000).

Metal Analysis of Wheat Varieties by
Proton Induced X-Ray Emission (PIXE)
Dried flour was taken for pellet formation and the pellet
was placed in the PIXE apparatus. The concentration of
various metals in flour was analyzed from the PIXE spectra
by GUPIXWIN software package (Version SRIM-2008.04,
University of Guelph, Canada). This provides a non-linear least
square spectrum fitting, along with conversion of the fitted
X-ray peak intensities into concentrations of elements, and
a fundamental parameter method was used for quantitative
analysis according to method of Mubark Ebrahim et al. (2014).

Sourdough Fermentation
Six wheat varieties were subjected to fermentation with
S. cerevisiae, W. anomalus QAUWA03, E. mundtii QAUSD01,
consortium of E. mundtii QAUSD01 and W. anomalus
QAUWA03. Commercially available baker’s yeast was used
in 1.5% (w/v) concentration for wheat fermentation. Samples
without fermentation were used as controls. Microbial cells
were cultivated till the late exponential growth phase, for their
usage toward sourdough fermentation. Fermentation of six wheat
varieties flour was done according to the method of De Angelis
et al. (2006a) with minor modifications. Briefly, thirty grams
of wheat flour from each variety was mixed thoroughly with
36 mL sterilized double distilled water and a 14 mL suspension
containing 5 × 108 CFU/mL of one of the microbial strains to
obtain 80 g of dough. Batters were incubated at 37◦C for 48 h with
stirring (200 rpm) following which the sourdough samples were
immediately freeze-dried (Labconco freeze drier, United States)
for further analysis.

Determination of Phytic Acid by GC-MS
Sample Preparation
Twenty-five milligrams of freeze dried sample from sourdough
was shaken with 200 µL of 12 M HCl for 4 h and then diluted with
deionized water until pH 4 was reached and thereafter filtered
through 0.45 µm membrane filter. Twenty microliters of sample
were used for derivatization.

Derivatization
Derivatization of scyllo-inositol and phytic acid was done
according to the method of March et al. (2001). Concentrations
were estimated based on the calibration curve using silylated
compounds of scyllo- and myo-inositol standards as the
reference peaks.

Sample Analysis
Phytic acid or salts of phytate are component of cereals located
particularly in the bran portion of cereals. Gas chromatography-
(GC)-mass spectrometry (MS) analysis for the detection of
phytate degradation was used, which was based on the silylated
reaction of hexamethyldisilazane and chlorotrimethylsilane with
myo-inositol and scyllo-inositol used as internal standards.
Under these parameters, the synthesis of hexamethylsilylinositol
readily occurs. The method for phytic acid determination
involves separation of phytic acid from free myo-inositol
and scyllo-inositol followed by hydrolysis of phytic acid to
myo-inositol. No peaks are observed if inositols are fully
degraded by the fermentation. GC-MS analysis of phytic
acid degradation was undertaken using an Agilent 7890A gas
chromatograph coupled to a 5975C mass spectrometer and a DB-
5MS column (J&W Scientific, United States). Helium gas was
used as carrier gas with a flow rate of 1 mL/min. An injection
volume of 1 µL was used with a split ratio of 10:1. The oven
temperature was set at 72◦C for 42 min and gradually increased
to 315◦C at a rate of 5◦C/min and maintained for 12 min at this
temperature. The injector inlet temperature was 295◦C and the
transfer line temperature was 285◦C (March et al., 2001).

Extraction and Preparation of Gliadin
From Fermented Wheat Dough Samples
Gliadin was extracted from the lyophilized fermented wheat flour
samples. Salt soluble proteins from fermented wheat samples
were first removed by the extraction of 10 g freeze dried sample
with 30 mL of 1 M sodium chloride in a shaker for 1 h. The
samples were then centrifuged for 20 min at 4000 × g and the
resulting pellet was centrifuged at 3500 × g for 20 min after
washing with 40 mL of double distilled water. The resulting pellet
was suspended in 30 mL of 70% ethanol and the mixture was
incubated for 60 min at 60◦C in shaking water bath. The gliadin
in the supernatant fraction was lyophilized for further analysis.

Fourier Transform Infrared Spectroscopy
(FT-IR) Analysis of Gliadin Degradation
To determine the degradation of gliadin as assessed by FT-IR,
2 mg of lyophilized sample was mixed with 198.0 mg KBr.
The mixture was ground in a mortar to be homogeneous and
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pressed into a thin slice. FT-IR spectra were recorded on an
FT-IR spectrophotometer (Vector 33, Bruker Co., Germany)
using an FT-IR cell, and the internal reflection element was a
Zn–Se plate. Spectra were recorded as the average of 128 scans
at 2 cm−1 resolution. The cell compartment was flushed with
dry nitrogen during measurements. FT-IR Spectra were Fourier
self-deconvoluted by Peak Fit v4.12 software. At first, small
band in amide I and amide II region from 1500–1600 cm−1

to 1600–1700 cm−1 was chosen as this band could cause a
misestimation of the peak maximum and intensity of the amide
I band and amide II of gliadin in sourdoughs. A linear baseline
between 1500 and 1700 cm−1 was formed, and the baseline was
linearly corrected.

Reverse Phase (RP)-High Performance
(HPLC) Analysis of Gliadin Degradation
To determine the degradation of gliadin as assessed by RP-
HPLC, hydrolyzed gliadin isolated from each sample was
mixed with 0.1% trifluoroacetic acid (TFA) and centrifuged at
5000 × g for 10 min. The resulting supernatant was filtered using
0.45 µm MilliporeTM membrane filters and stored at −18◦C.
The supernatant underwent RP-HPLC analysis according to the
method of Antila et al. (1991). Analyses were carried out with
HPLC (Model 126, Beckman, Brea, CA, United States) coupled
with programmable solvent module for high-pressure delivery of
solvent. Chromatographic spectral data was analyzed by the Gold
System (ver. V810). For chromatographic separation, 100 mL of
sample was injected into a protein and peptide reverse phase C18
column (250 × 4.6 mm, J.T. Baker Inc., United States) and run
at room temperature. The sample was eluted at a flow rate of
0.8 mL/min with two buffer gradient system: solvent A, 0.1%
TFA in water (v/v); solvent B, 0.11% TFA (60% acetonitrile/40%
acidified water), which was increased linearly from 0 to 90% over
50 min. The elution was monitored at 215 nm.

Pepsin Trypsin Digestion
The gliadin extract (120 mg) was dissolved in 20 mL of sodium
acetate buffer (50 mM, pH 4). Pepsin (3200 U/mg; P-6887;
Sigma-Aldrich, United States) and mixed with sample prior
to incubation at 37◦C under agitation for 2 h. Following the
incubation, 142 mg of sodium phosphate was added, and the pH
was adjusted to 7.0 using NaOH. Afterward, trypsin (2500 U/mg;
T-7418; Sigma-Aldrich, St. Louis, MO, United States) was added
and the solution was mixed and incubated for 2 h under agitation
at 37◦C. The resulting solution was heated at a temperature
greater than 95◦C for 10 min to stop the enzymatic reaction
and the solution was lyophilized and stored at −20◦C for
further analyses.

Caco-2 Monolayer Cell Culture
Intestinal Epithelial Cell Culture
The effects of the fermentation-mediated gliadin degradation
were assessed on the viability of the monolayers of the Caco-
2 intestinal epithelial cell line (American Cell Type Collection,
HTB-37, Rockville, MD, United States; passage 23–40). Caco-
2 cells were cultured in minimum essential medium (MEM;

Gibco Invitrogen, Paisley, United Kingdom) supplemented
with 10% fetal bovine serum (FBS; Gibco Invitrogen), 1%
non-essential amino acids (NEAA; Gibco Invitrogen), 0.1%
penicillin–streptomycin (Gibco Invitrogen), sodium bicarbonate
(Gibco Invitrogen) and sodium pyruvate (Sigma-Aldrich, Seelze,
Germany). Cells were cultured at 37◦C in 5% CO2 and passaged
after 5–7 days, when they were reached 80% confluency.

FIGURE 1 | Clearance zones indicates the phytic acid degradation and high
clearance zones indicates more phytic acid degradation. These strains were
isolated in previous experiment and these strains exhibited significant gliadin
degradation.

FIGURE 2 | Orthophosphate release in the various gliadin-degrading strains
Bars not sharing the same letters are significantly different from each other by
the Tukey’s test.
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FIGURE 3 | (A) A denotes control sample and the peaks shows no degradation of gliadin fractions; B denotes the fermentation of wheat flours with W. anomalus
QAUWA03; C denotes the fermentation of wheat flours with S. cerevisiae fermentation. Different colors express the various wheat varieties. Arrows indicates
formation of peptides and amino acids. No substantial degradation was observed in these samples. In this graph α, β, γ, and ω denotes the types of gliadin in wheat
varieties. (B) A denotes control sample and the peaks shows no degradation of gliadin fractions; D denotes the fermentation of wheat flours with E. mundtii
QAUSD01; E denotes the fermentation of wheat flours with W. anomalus QAUWA03 and E. mundtii QAUSD01 consortia. Maximum gliadin degradation was
observed in consortia fermented wheat flours. Arrows indicates formation of peptides (<33 mer) and amino acids. Different colors express the various wheat
varieties. In this graph α, β, γ, and ω denotes the types of gliadin in wheat varieties.

TABLE 1 | Percentage degradation of gliadin in 30 samples after 48 h fermentation.

Wheat cultivars Control (A) S. cerevisiae
fermentation (B)

W. anomalus
QAUWA03(C)

E. mundtii
QAUSD01 (D)

W. anomalus QAUWA03 and E. mundtii
QAUSD01 consortia(E)

Barani 83 7 ± 1.7 11 ± 2.1 17 ± 1.6 28 ± 2.4 89 ± 4.6

Bars 2009 6 ± 1.4 12 ± 1.9 19 ± 1.7 27 ± 2.6 91 ± 4.3

Chakwal 97 7 ± 1.5 10 ± 2.3 20 ± 1.8 26 ± 2.2 91 ± 3.8

Lasani 2008 7 ± 1.8 11 ± 2.1 19 ± 1.9 24 ± 2.3 90 ± 5.2

Seher 2006 8 ± 1.4 13 ± 2.4 18 ± 2.1 23 ± 2.5 92 ± 4.9

Shafaq 2006 6 ± 1.7 10 ± 1.9 16 ± 1.4 26 ± 2.1 93 ± 5.7

Results are presented as means ± SD (n = 3).

Direct Immunofluorescence and Zonula
Occludens 1 (ZO1) Localization
Migration in Intestinal Cell Monolayers
After Caco-2 cells were reached 80% confluency at 25th
passage, they were grown on 8-chamber slides and incubated
with PT-gliadin from the six wheat varieties fermented with
E. mundtii QAUSD01 and W. anomalus QAUWA03 consortium
to assess effects on ZO1 localization. The monolayers were
fully developed after 4 days incubation in media. The gliadin
fractions were added at a concentration of 1 mg/mL to
the Caco-2 cell monolayers. Caco-2 cells were then gently
washed with phosphate buffer saline (PBS) and permeation
was done with methanol for 2 min at −20◦C. The Caco-
2 monolayers were then washed with PBS three times and
incubated with primary antibodies (FITC-conjugated anti-ZO1
monoclonal antibody; Zymed Laboratories Inc., San Francisco,
CA, United States). The slides were washed twice with PBS after
60 min of incubation, air-dried and observed under a fluorescent

microscope (Olympus fluorescent microscope, BX60 Olympus
Corporation, Tokyo, Japan).

Immunofluorescence Microscopy
To evaluate the impact of fermented gliadin on tight junction
proteins, Caco-2 cells were grown onto eight chamber
glass slides (BD Biosciences, Erembodegem, Belgium) for
immunofluorescence. After 4 days of culture, Caco-2 monolayers
were washed twice with Hank’s balanced salt solution (HBSS;
Gibco Invitrogen) and incubated overnight in MEM media
supplemented with 10% FBS, 1% NEAA, sodium pyruvate,
sodium bicarbonate. Afterward Caco-2 cells were washed
twice with PBS and 4% paraformaldehyde (Merck, Darmstadt,
Germany) used for fixation. A solution of 0.1% Triton X-100
(Sigma-Aldrich, St. Louis, MO, United States) was used to
permeate the cells. For the visualization of membrane ruffle
formation, cells were stained for intracellular F-actin with
phalloidin–fluorescein isothiocyanate (Sigma-Aldrich, St. Louis,
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MO, United States) and observed under a fluorescent microscope
(Olympus fluorescent microscope, BX60 Olympus Corporation,
Tokyo, Japan).

Trans-Epithelial Resistance (TER)
Caco-2 cells were grown on Millicell Culture inserts (Millipore
Corporate, Billerica, MA, United States) until confluency for
21 days. The Millicell-ERS volt-ohm meter (Millipore Corporate,
Billerica, MA, United States) was used for the measurement
of resistance in the cell monolayers. When the TER value
exceeded 600 ohms/cm2, cells were considered confluent. The
monolayers were double washed and incubated for 24 h
in MEM media. After addition of PT-BSA and PT-gliadin,
TER was measured at the 1, 2, 4, 12, and 24 h time
points after refreshing the media. Sample analysis was carried
out in duplicate and three independent experiments were
carried out.

Statistical Analysis
SPSS version 13.0 for Windows (SPSS Inc., United States)
was used for the analysis of experimental results. One-
way ANOVA was performed on the phytic acid degradation
results. Two-way ANOVA was applied for the TEER values.
Tukey’s test was used to discriminate between the mean
differences. Differences between data were considered significant
at P < 0.05.

RESULTS

In vitro Phytic Acid Degradation
The 19 isolates were analyzed for phytic acid degradation
by the plate assay. The E. mundtii QAUSD01, E.
faecalis QAUSD02, E. faecalis QAUSD04, E. faecalis
QAUSD05, E. faecalis QAUSD06, Bacillus cereus QAUSD07
strains showed zones of phytic acid hydrolysis while
E. megaterium QAUSD03 demonstrated no zones of
degradation in the second screening and the remaining
isolates had no zones of degradation in the first screening.
E. faecalis QAUSD05 (LAB 12) showed the maximum
zone of hydrolysis, which was followed by E. mundtii
QAUSD01 (LAB 13) and B. cereus QAUSD07 (LAB 18),
E. faecalis QAUSD02 (LAB 6) and E. faecalis QAUSD04
(LAB 8) (Figure 1).

For quantitative measurement of phytic acid hydrolysis, the
six isolates along with three yeast strains were analyzed by
spectrophotometry using sodium phytate as substrate (Figure 2).
E. faecalis QAUSD05 showed the maximum ability to degrade
sodium phytate among all six strains by releasing 3.19 µM of
phosphorus while E. faecalis QAUSD02, E. faecalis QAUSD06,
Bacillus cereus QAUSD07 and E. mundtii QAUSD01 released
2.11, 1.98, 2.70, and 2.76 µM of phosphorus, respectively.
E. faecalis QAUSD04 (LAB 8) had minimal hydrolysis capability.
The yeast strains W. anomalus QAUWA02, W. anomalus
QAUWA03 and W. anomalus QAUWA04 demonstrated a
similar capacity to degrade sodium phytate as they released 3.42,
3.74, and 3.39 µM phosphorus, respectively.

Physiochemistry and Rheological
Analysis
Proximate analysis and the rheological results of the wheat
cultivars are shown in Supplementary Table S2. Proximate
analysis of the wheat varieties showed that Barani 83 had the
maximum protein, fat and ash content whereas Shafaq 2006
showed the lowest values of protein and ash. Barani 83 had the
maximum dough development time (9 min) and dough stability
(12.5 min) while Seher 2006 had the shortest dough development
time (4.5 min) and smallest percent of water absorption. The
maximum water absorption was observed in Chakwal 97 whereas
the lowest values were seen in Seher 2006. Mineral analysis
of the wheat varieties was performed by proton-induced X-ray
emission (Supplementary Table S3). Barani 83 showed the
highest concentration of Mg and Fe while Lasani 08 had the

FIGURE 4 | (A) No significant difference was observed among all wheat
cultivars (control). Significant peaks of gliadin were observed in amide I and
amide II region. (B) No significant peaks were observed in amide I and amide
II region. However, no significant difference was observed among all wheat
cultivars fermented with E. mundtii QAUSD01 and W. anomalus QAUWA03
consortium.
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FIGURE 5 | Phytic acid degradation determination by GC-MS analysis. (A) Control sample without fermentation; (B) Consortia fermented samples. Myo-inositol was
completely degraded in all consortia fermented wheat verities. Different colors express the various wheat varieties.

lowest concentration of Mg and Bars 2009 demonstrated the
lowest concentration of Fe.

Gliadin Degradation by Wheat Dough
Fermentation
The effect of fermentation with various microbial isolates and
consortia on gliadin degradation analyzed by RP-HPLC is shown
in Figure 3. In the control samples, gliadin eluted between 30
to 40 min with no notable differences seen among the wheat
cultivars. Degradation percentage of different wheat cultivars
after 48 h fermentation is presented in Table 1. Fermentation
with commercially available S. cerevisiae showed no evidence
of gliadin degradation of any of six wheat cultivars. This latter
finding could be due to omission of sugar to facilitate the
growth of this commercial yeast, which is normally added during
industrial fermentation or for the production of bread. The
W. anomalus QAUWA03 fermentation showed minimal effects
on the degradation of the gliadin fractions with the wheat
variety Chakwal 97 showing the greatest degradation. Similarly,
low levels of gliadin degradation were noted with E. mundtii
QAUSD01 with the maximum degradation of gliadin noted
in Barani 83. In contrast, fermentation of the wheat varieties
by the consortia of E. mundtii QAUSD01 and W. anomalus
QAUWA03 showed significant gliadin degradation indicating
synergistic effects on gliadin hydrolysis. Consortia fermentation
caused maximum degradation in Shafaq 2006 with relatively
lower degradation was observed in Barani 83. The other varieties
of Bars 2009, Chakwal 97, Lasani 2008, and Seher 2006 had
similar levels of gliadin degradation. Consortia fermentation

also resulted in generation of small peptides and amino acids
following degradation of gliadin.

Gliadin Degradation Assessment by
FT-IR Spectroscopic Analysis
In sourdough fermentation, degradation of protein is among
the key factors influencing the overall sourdough food quality.
Protein hydrolysis in cereal fermentation has been investigated
extensively to improve flavor formation in baking and as an
approach to decrease protein and peptide to concentrations
considered to be safe for celiac patients. The change in structure
of gliadin proteins in wheat sourdough fermentation for 48 h
was determined using Fourier transform infrared spectroscopy,
and then the resultant spectra showed Fourier self-deconvolution
of the amide I and amide II bands in the regions of 1600–
1700 cm−1 and 1500–1600 cm−1, respectively. Significantly
different spectra in the amide I and amide II bands for gliadin
from sourdough fermented with W. anomalus QAUWA03 and
E. mundtii QAUSD01 consortium was noted (Figure 4B) in
comparison to the control dough (Figure 4A). No significant
degradation was observed in dough fermented with S. cerevisiae
with E. mundtii, and sourdough fermented with W. anomalus
QAUWA03 after 48 h of fermentation (data not shown). The
loss of secondary structure in W. anomalus QAUWA03 and
E. mundtii QAUSD01 consortium samples during fermentation
indicates that the flexibility of gliadin in sourdough increased,
which could facilitate gliadin degradation during fermentation.
The modified secondary structure of gliadin reveals proteolysis
of gliadin proteins as no peaks were observed in amide I and
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FIGURE 6 | (A) Effect of gliadin on tight junctions of Caco-2 monolayers in
control sample (no fermentation). Arrow indicates the destruction of tight
junctions of monolayers due to gliadin toxicity. (B) Effect of consortia
fermented Lasani 2008 wheat cultivar on tight junctions of Caco-2
monolayers. Arrow indicates no perturbation on the tight junctions.

amide II region, which is a clear indication of gliadin degradation
in consortium fermented sourdough samples. No significant
difference in gliadin degradation was demonstrated among all six
fermented wheat cultivars.

Phytic Acid Degradation (in situ) in
Fermented Dough
The 12 samples showing significant gliadin degradation were
selected for analysis of phytic acid degradation. GC-MS
analysis of phytic acid degradation showed that phytic acid
was completely degraded by consortia fermentation while no
degradation of phytic acid was observed in the control samples
(Figure 5). All six wheat varieties demonstrated a complete lack
of phytic acid when fermented by the E. mundtii QAUSD01 and
W. anomalus QAUWA03 consortium. It is likely that the gliadin
degradation was not only attributable to phytases produced by
the consortia as low pH and the activation of phytases naturally
present in flour could have been involved to degrade phytic acid
in the presence of water soaking, particularly since phytic acid is
not stable at very low pH (Helbig et al., 2003).

Direct Immunofluorescence and ZO1
Migration in Intestinal Cell Monolayers
The tight junction protein ZO-1 was analyzed to establish
whether the fermentation of consortia exerted any adverse effect

FIGURE 7 | (A) Ruffle formation by gliadin in control samples on Caco-2
monolayers. Arrow indicates the ruffle formation on monolayers due to toxic
effect of gliadin. (B) No ruffle formation was observed in consortia fermented
Lasani 2008 gliadin on Caco-2 monolayers. Arrow indicates smooth
monolayer without any ruffle formation.

on tight junctions. Tight junctions in the control samples showed
a curvy appearance whereas the tight junctions were shown to
be destroyed following treatment with all the wheat cultivars,
which is likely due to gliadin toxicity (Figure 6A). In terms
of the consortia fermentation for the six wheat varieties, only
fermentation using Lasani 2008 showed no detrimental impact
on tight junction proteins (Figure 6B), which indicates that the
toxic gliadin residues were completely degraded following this
fermentation. In contrast, the other fermented wheat varieties
demonstrated a negative impact on the tight junctions of
the monolayers as those consortia-fermented samples showed
straightened tight junctions as opposed to the smooth appearance
in the controls. Wheat fermentation with E. mundtii QAUSD01,
W. anomalus QAUWA03 and the commercial S. cerevisiae strain
showed no significant effects on tight junctions, smoothness and
appearance (data not shown).

Effect of Fermentation on
Gliadin-Induced Membrane Ruffle
Formation
Gliadin has been reported to induce distinct membrane
ruffling on the edges of Caco-2 cell monolayers clusters
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FIGURE 8 | Effect of consortia fermentation on TER value. Asterisks indicate significant different in TER values of wheat cultivars after 24 h by analysis of variance
(ANOVA) and significance was determined by Tukey’s test (p < 0.05).

FIGURE 9 | Score and loading plot of the principal component analysis (PCA) carried out on the covariance matrix of wheat varieties, rheological properties, metals
analysis and TER values.

(Lindfors et al., 2008). PT-gliadin induced significant membrane
ruffle formation in Caco-2 cells (Figure 7A) as membrane
ruffles covered most of the area of monolayers. PT-gliadin

of all wheat varieties treatment increased the ratio of cell
cluster edge covered by ruffles. This type of ruffle formation
was also observed in all wheat varieties fermented with
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S. cerevisiae, E. mundtii QAUSD01 and W. anomalus QAUWA03
alone (data not shown). Two wheat varieties (Lasani 2008
and Seher 2006) fermented with consortia of E. mundtii
QAUSD01 and W. anomalus QAUWA03 showed reduced ruffle
formation (Figure 7B). These latter results indicate that the
toxic gliadin fragments appeared to be completely degraded
following digestion in these two wheat varieties as opposed to the
other varieties.

Fermentation Counteracts the
Gliadin-Induced Increase in Epithelial
Cell Permeability
The efficacy of consortia fermentation of different wheat varieties
to hinder the gliadin-induced increase in Caco-2 cell permeability
as assessed by TER is shown in Figure 8. A significant change
in TER values was observed in the control samples after 4,
12, and 24 h. All wheat varieties fermented with consortia
showed a change in TER values after 24 h as compared to
control values with non-significant differences in TER observed
among the varieties at all time points. This latter finding
indicates that consortia fermentation inhibited the gliadin-
induced decrease in TER, which signifies minimal adverse
effects were exerted on the monolayer structures. In contrast,
single strain fermentation did not inhibit the decrease in the
gliadin induced TER (data not shown). Principle component
analysis (PCA) was conducted to evaluate the correlation among
the wheat varieties, rheological properties, metals analysis and
TER values (Figure 9). The Scores analysis showed that the
two first principal components explained 73.51% of the total
variance, which the PC1 and PC2 were 47.44 and 26.07%,
respectively. All wheat varieties were clearly differentiated from
each other in PCA plot. TER values have positive correlation
with Shafaq 2006. While negative correlation was observed
in Chakwal 97.

DISCUSSION

The present study was carried out with the aim to isolate
bacterial and fungal strains that can concurrently degrade
phytic acid and gliadin among a variety of wheat varieties.
Significantly, the results showed for the first time that
fermentation carried out by consortia of E. mundtii QAUSD01
and W. anomalus QAUWA03 could induce both phytic
acid and gliadin degradation. Earlier studies have noted that
certain probiotic strains can degrade phytic acid (Reale et al.,
2007; García-Mantrana et al., 2016) and that introduction of
different probiotic strains in sourdough fermentation results
in a varying efficacy of gliadin hydrolysis (De Angelis et al.,
2006b; Gobbetti et al., 2007) but concurrent degradation
of phytic acid and gliadin has not been previously shown.
Enzyme preparations (Rollan et al., 2005), cell extracts (Di
Cagno et al., 2002) and intact probiotic preparations (De
Angelis et al., 2006b) have also been shown to degrade gliadin
peptides indicated to play a pathogenic role in CD. In that
regard, no adverse effects on the Caco-2 cell monolayers was
shown from the gliadin peptide fractions derived from wheat

varieties fermented with consortia of E. mundtii QAUSD01 and
W. anomalus QAUWA03, which demonstrates the potential of
this fermentation to protect against CD risk. This consortium
could thus be a potential candidate for industrially fermented
bread. In that regard, W. anomalus could be particularly
useful as it has also been shown to induce a greater rate of
carbon dioxide production as compare to standard S. cerevisiae
strains (Walker, 2011).

The physiochemical and rheological properties of wheat
are largely attributed to gliadin and glutenin, which constitute
80% of total wheat proteins (Tatham and Shewry, 1995). It
has been suggested that the gliadins generally contribute to
dough viscosity and glutenins contribute to dough elasticity
(Khatkar and Schofield, 1997). These two proteins are also
found in various ratios, which imparts different rheological
properties to wheat varieties. In the present work, gliadin
was degraded same extent in all wheat varieties. This latter
result could be due to the high ratio of gliadin in those
varieties as those varieties also revealed high viscosity
compared to elasticity, which is the indication of high
gliadin content as well as relatively high concentrations of
prolamins (Uthayakumaran et al., 1999).

In summary, the data presented demonstrates that the
E. mundtii QAUSD01 and W. anomalus QAUWA03 consortia
have the potential to degrade gliadin in selected wheat varieties.
The above fermentation was also shown to alleviate gliadin-
induced insult to Caco-2 cell monolayers mediated by the
Lasani 2008 and Seher 2006 wheat varieties, which coincides
with previous work showing protective effects of certain
probiotic microbial strains against some gluten- and gliadin-
mediated deleterious effects (Eggert et al., 2011). Thus, probiotic
microbes in sourdough fermentation have the potential for
industrial use toward degradation of toxic gliadin fractions
during food processing. The breakdown of phytic acid by
E. mundtii QAUSD01 and W. anomalus QAUWA03-mediated
fermentation could lead to additional health promoting benefits
by improvement in the bioavailability of essential trace minerals.
These strains could also be investigated in future studies
for their potential as oral supplements to alleviate CD as
well as enhancing iron absorption from fermented wheat
products and use in the baking industry for production of
sourdough bread. Certain research challenges are still needed
to be addressed toward industrial applications of the identified
probiotic strains in fermented breads and cereal foods. Such
considerations include optimization of the manufacturing
conditions to evaluate the storage stability of the probiotic
strains, the growth capacity and productivity of the sourdough
starter culture as well as organoleptic characteristics of the
final product.
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A B S T R A C T

The present study was undertaken to isolate and characterize gluten hydrolyzing microbiota from locally fer-
mented sourdoughs (Khamir) to evaluate their potential as a candidate for probiotics. Sixty autochthonous
sourdough samples were collected from different areas of Pakistan. Nineteen bacterial and three yeast isolates
were screened for the presence of gluten-degrading ability from sourdough samples. These isolates were sub-
cultured on different media for presumptive pre-selection by biochemical assays. Five bacterial isolates were
lactic acid bacteria and two were Bacillus sp among 19 bacterial isolates which were further characterized based
on auto-aggregation, β-galactosidase activity, antibiotic susceptibility, anti-pathogenic activity, bile salts tol-
erance, pH tolerance, surface hydrophobicity and cholesterol assimilation. In this study Lactobacillus plantarum
ATCC 14917 was used as control strain to compare the probiotic potential of isolated strains. Idetnfication based
on 16S and 28S rRNA sequencing revealed the presence of four Enterococcus faecalis strains along with
Enterococcus mundtii, Bacillus cereus and Bacillus megaterium strains. All yeast strains were identified as
Wickerhamomyces anomalus. Among all microbial strains, E. mundtii QAUSD01 and W. anomalus QAUWA03 had
the ability to tolerate low pH, bile salt properties and hydrophobicity compared to other gluten-degrading
strains. These two strains exhibited the potential to be used as probiotic for sourdough fermentation.

1. Introduction

Wheat flour comprises of the most crucial ingredients and is an
excellent exogenous source of amino acids, trace elements, dietary
fiber, carbohydrates and vitamins (Zahedi, Ghanbarzadeh, & Sedaghat,
2010). It is a basic ingredient of many bakery products, such as pizza,
pastries and cakes. Alternatively, wheat is also considered as a major
cause of frequent health related and diet induced problems (Bourekoua,
Benatallah, Zidoune, & Rosell, 2016). Celiac sprue is a disorder wherein
genetically susceptible individuals are sensitive to gluten proteins pre-
sent in several renowned cereals. The only cure for celiac disease is a
gluten-free diet (Qiao et al., 2004). This has raised a significant number
of researches towards such food products which are not only re-
sponsible to fulfill satiety but also a panacea for such disorders. Patients
and consumers are despondent with unpleasant medication in order to
cure disease which sometimes discourages them since these medication
may have certain undesirable side effects (Arendt, Ryan, & Dal Bello,
2007). Many techniques have been utilized to deal with gluten

intolerance, among them sourdough is ultimately multifaceted proce-
dure for celiac patients (Iravani, Korbekandi, & Mirmohammadi, 2015;
Moore, 2014). The convention to use lactic acid bacteria (LAB) has been
considered in order to hydrolyze the allergenic proteins during the
sourdough fermentation (Carlo et al., 2007; Zannini, Pontonio, Waters,
& Arendt, 2012).

Moreover, the impact of microbiota on extending shelf-life (Moura
et al., 2008), improving volume (Day, Augustin, Batey, & Wrigley,
2006) and texture of bakery products is an additional benefit (Arendt,
Moroni, & Zannini, 2011; Gallagher, Gormley, & Arendt, 2004). The use
of lactic acid bacteria and yeast combinations in sourdough (Gobbetti,
2014) have shown an enormous ability regarding the reduction of
gluten contents during fermentation (Loponen, Sontag-Strohm,
Venäläinen, & Salovaara, 2007; M'hir et al., 2008).

The present study was undertaken with the aim to isolate and
characterize the gluten hydrolyzing microbiota from locally fermented
sourdough (Khamir) in Pakistan. So far, no such study has been con-
ducted in Pakistan to isolate gluten degrading microbiota with

https://doi.org/10.1016/j.lwt.2018.01.023
Received 10 October 2017; Received in revised form 6 January 2018; Accepted 9 January 2018

∗ Corresponding author.
E-mail address: mmimran@qau.edu.pk (M. Imran).

LWT - Food Science and Technology 91 (2018) 271–277

Available online 10 January 2018
0023-6438/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00236438
https://www.elsevier.com/locate/lwt
https://doi.org/10.1016/j.lwt.2018.01.023
https://doi.org/10.1016/j.lwt.2018.01.023
mailto:mmimran@qau.edu.pk
https://doi.org/10.1016/j.lwt.2018.01.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lwt.2018.01.023&domain=pdf


probiotic characteristics. These isolates can be used in baking industry
in future for the sake of celiac patients.

2. Material and methods

2.1. Sourdough sampling

Sixty sourdough (Khamir) samples were aseptically collected from
cottage scale retails, at Rawalpindi and Islamabad, twin cities of
Pakistan. These samples involved autochthonous wheat dough fer-
mentation for production of highly consumed indigenous bread locally
called Naan or Khamiri roti. The samples were immediately packed and
transported at 4 °C to laboratory for further analysis.

2.2. Isolation of indigenous gluten degrading microbiota

2.2.1. Gluten specific media preparation
Gluten degrading microbiota were isolated from sourdough samples

by using a specific gluten limited agar (GA) described by Zamakhchari
et al. (2011). One gram of sourdough was diluted with 10ml of ster-
ilized distilled water. Aliquots of 100 μl of sourdough suspensions were
plated on gluten limited agar. The inoculated plates were incubated at
37 °C for 48 h.

2.2.2. Sub-culturing of gluten-degrading microbiota on different media
Microbial colonies showing clear zone on gluten agar plates were

selected. The selected colonies were further propagated for purification
on the de Man Rogosa Sharpe (MRS, Oxoid, UK) agar (pH 5.4, for
Lactobacillus sp), M17 (Oxoid, UK) media (for Lactococcus sp) and
oxytetracycline glucose agar (OGA, for yeast) (Zamudio, González, &
Medina, 2001).

2.3. Quantitative determination of gluten degradation by selected isolates

Gluten-degrading ability of the selected microbial isolates was de-
termined by using UV–Visible spectrophotometry. The Lactobacillus
plantarum ATCC 14917 was used as positive control. These isolates were
grown in GB (gluten limited broth) at 37 °C for 24 h, the suspension was
centrifuged at 12000 g for 10min. The supernatant was taken and re-
acted with ninhydrin solution (1:1 in ethanol) at 85 °C for 30min. The
samples were analyzed by spectrophotometer at 570 nm and values
were recorded.

2.4. Identification of LAB and yeast strains isolated from sourdough

2.4.1. Sub-culturing of isolates
De Mann Rogosa Sharpe (MRS) agar medium with pH 5.4 was used

for sub-culturing LAB. While, oxytetracyclin glucose agar (OGA)
medium was used for sub-culturing yeast strains. These isolated co-
lonies were further streaked on freshly prepared MRS agar and OGA
plates followed by incubation at 37 °C for 24 h and 48 h, respectively.

2.4.2. DNA extraction of isolates
DNA extraction was done via phenol chloroform method described

by Umesha, Manukumar, and Raghava (2016). Sequencing was done by
using commercial service of Macrogen Inc. Korea (www.dna.macrogen.
com). The analysis of The DNA sequences was carried out with the help
of BLAST Gene database (http://www. ncbi.nlm.nih.gov) and the se-
quences were submitted to the Gen Bank to get accession numbers.

2.5. Auto-aggregation assay

A modified method of auto-aggregation experiment was performed
based on the method described by (Del Re, Sgorbati, Miglioli, &
Palenzona, 2000). The bacterial isolates with ability to degrade gluten
were cultured for 18 h on MRS agar and yeast for 36 h on OGA at 37 °C,

the cells were centrifuged for 15min at 4 °C (5000 g) and subsequently
washed three times with phosphate saline buffer (PBS) of neutral pH.
Further, cells were suspended in sterile PBS to obtain a 108 cfu/ml. A
suspension of 4ml was vortexed for 10 s and incubated at room tem-
perature for 24 h. After 24 h interval, the auto-aggregation was mea-
sured at 600 nm. The percentage of auto-aggregation was expressed as
follows:

= − ×OD OD ODautoaggregation (%) [( 1 2)/ 1] 100 

Where OD1 represents the optical density at start of experiment and
OD2 the data after 24 h. All experiments were performed in triplicate.

2.6. Detection of β-galactosidase activity

The β-galactosidase activity of the selected gluten degrading isolates
was determined as described earlier (Chen et al., 2008).

2.7. Antibiotic susceptibility of isolated gluten-degrading bacteria

Selected gluten-degrading bacterial strains and L. plantarum ATCC
14917 were tested for antibiotics susceptibility (Silva et al., 2017). In
this study, antibiotic susceptibility of bacterial isolates was determined
against ceftriaxone (CRO), ciprofloxacin (CIP), gentamicin (CN), no-
vobiocin (NV), and vancomycin.

2.8. Inhibition of pathogens by gluten-degrading microbiota

The antagonistic activity of isolates was carried out by using well
diffusion assay with minor modifications (Tagg & McGiven, 1971).
Gluten-degrading microorganisms were grown in MRS broth (pH 6.5)
and OG. These inoculated broths were incubated at 37 °C for 18–24 h
after that cells were harvested by centrifugation (8000 g for 20min at
4 °C). The cell free supernatant was sterilized by filtration through a
0.22 μm filter (Millipore). The antipathogenic activity was determined
against Staphylococcus aureus ATCC33862, Escherichia coli CIP103982,
and Candida albicans ATCC1023. These pathogens were grown on
Muller Hinton agar and were kept at 40 °C for 4 h. Afterwards, 100 μL of
the filtered neutralized supernatants from all isolated strains were
added to filter paper discs (6 mm diameter) placed on the Muller Hinton
agar plate surface, previously inoculated with indicator pathogens. The
plates were incubated for 24 h at 37 °C, and finally the plates were in-
spected for clear zones around the discs.

2.9. In-vitro screening of the probiotic potential of selected gluten degrading
microbiota

2.9.1. Tolerance to low pH
To determine the tolerance of strains to low pH, a suspension was

prepared in OGB (Yeast) and MRS broth (Bacteria) and absorption was
adjusted to 0.6 at 600 nm wavelength. It was concentrated by cen-
trifugation at 5000g for 10min. It was suspended in 3ml of PBS solu-
tion (10mmol/L phosphate pH 7.4) after washing with the same buffer.
Different pH of suspensions was adjusted i.e. 2, 2.5, 3 and 7.4 with
2mol/L NaOH and HCl. These suspensions were incubated for 3 h and
then aliquots inoculated in OGB and MRS broth. After 24 h, samples
were serially diluted and inoculated on OGA and MRS agar to de-
termine cfu/ml and percentage survival was calculated by the following
equation.

=

+ ×

+

( )
S

culturing media pH

culturing media pH
(%)

inoculum 100

inoculum 7.4

cfu
ml

cfu
ml

Where S describes the survival percentage and culturing media is dif-
ferent for bacteria and yeast
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2.9.2. Bile salt tolerance, cell surface hydrophobicity and cholesterol
assimilation

To determine bile salt tolerance and cell surface hydrophobicity,
method of Del Re et al., (2000) was adopted. Cholesterol assimilation
was determined by the method of Zlatkis, Zak, & Boyle (1953). All
experiments were done in triplicate.

2.10. Statistical analysis

All results are expressed as mean ± SD (standard deviation) and
were statistically compared and analyzed by the help of Statistix
Version 8.1.1 software. Differences between means were assessed using
Tukey's test. Significant differences were defined as p < .05.

3. Results and discussion

3.1. Isolation of gluten-degrading microbiota from sourdough

In this study, forty-five different colonies were appeared on gluten
agar plates. Fig. 1 shows the growth of gluten-degrading microorgan-
isms on gluten specific agar plates. Isolates grown on gluten agar were
further sub-cultured on four different media i.e. McConky, OGA, MRS
agar M17 plates and growth was monitored on these media. Only 22
isolates out of 45 appeared on McConky, MRS agar, M17 and OGA.
Microbial profiling was done in terms of morphological

characterization. The growth of colonies on MRS agar and M17 plates
were quite diverse. All the 22 isolates (3 yeast and 19 LAB) were again
cultured on gluten agar media for confirmation.

3.2. Identification of isolated lactic acid bacteria (LAB) and yeast strains

MRS agar plates supported the growth of lactic acid bacteria while
OGA plates favored the growth of yeast strains. From all the sourdough
samples, seven gluten-degrading microorganisms were isolated in-
cluding two bacilli, 5 cocci and 3 were yeast. These isolates were fur-
ther characterised by biochemical and molecular methods.

3.3. Determination of efficient gluten-degrading microbiota

Ninhydrin biochemical assay was used to quantify the gluten de-
gradatoin efficiency of microbial isolates. This assay is based on the
detection of the amount of amino acids produced because of degrada-
tion of gluten by microbial fermentation. Seven bacterial and three
yeast isolates were assayed and it was found that E. mundtii QAUSD01
had the highest (p < .05) gluten degradation ability among bacterial
strains followed by B. cereus QAUSD07 as 39.30 and 29.58 μg/ml, re-
spectively. While gluten degradation between E. faecalis QAUSD02, E.
faecalis QAUSD04, E. faecalis QAUSD05 and E. faecalis QAUSD06 were
not significantly different (p < .05). B. megaterium QAUSD03 and the
control (L. plantarum ATCC 14917) exhibited significantly low gluten
degradation as shown in Fig. 2. Among yeasts strains W. anomalus
QAUWA03 exhibited maximum degradation (63.73 ± 0.75 μg/ml)
followed by W. anomalus QAUWA02and W. anomalus QAUWA04
having 59.66 ± 0.87 and 51.52 ± 0.78 μg/ml of gluten degradation
respectively. Gluten degradation ability of tested strains was higher
might be due to gluten as only protein source in which they were au-
tochthonously grown. Moreover, in general Enterococcus sp. have more
extracellular proteolytic activity than Lactobcillus sp.

3.4. Identification of microbial isolates

Seven bacterial and three yeast isolates which revealed good gluten
degradation results were morphologically and biochemically analyzed
prior to sequencing them. Among 7 bacterial isolates all were gram
positive; among them 5 were cocci (catalase negative, oxidase negative,
proteolytic positive and positive amylolytic) and two were rod; (cata-
lase positive, oxidase negative, proteolytic negative and positive amy-
lolytic). All three yeast strains had ability to grow on high osmotic
concentration and were lactose postive. These analyses were done prior
16S and 28S rRNA gene sequence and strains were determined by
BLAST and submitted to NCBI to get accession numbers as shown in
Table 1.

Fig. 1. Gluten specific agar plates showing growth of
sourdough microbiota arrow indicates the bacteria and
yeast colonies growth on media.

Fig. 2. Quantitative determination of gluten degradation efficiency by spectroscopy. The
error bars indicate the SD from three replicates. The results are significantly different
among different strains (different letter) at the level of p < .05.
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3.5. Auto-aggregation assay and presence of β-galactosidase activity

Auto-aggregation analysis were done for both bacterial strains and
yeast strains. It was found that yeast strains had maximum auto-ag-
gregation, W. anomalus QAUWA04 had highest auto-aggregation
(p < .05) while W. anomalus QAUWA02 and W. anomalus QAUWA03
had no significant difference between them. The bacterial strains had
varying results, the control strain L. plantarum ATCC14917 had max-
imum auto-aggregation. However, in tested isolates E. faecalis
QAUSD06 had highest auto-aggregation (p < .05) followed by E. fae-
calis QAUSD04, B. cereus QAUSD07 and E. mundtii QAUSD01 while E.
faecalis QAUSD02 and B. megaterium QAUSD03 shown no significantly
difference (p < .05) (Table 2). These results concurred with study of
Al-Atya et al. (2015), who evaluated auto-aggregation ability of the
potential probiotic E. faecalis strains isolated from meconium. Strains
isolated in this study were naturally grown in uncontrolled environ-
mental conditions so that they had good auto-aggregation potential.
This characteristic might have developed by these strains as protective
mechanism in nature complex ecosystem.

Lactose intolerance is term described to denote the uneasiness that
results due to the ingestion of milk or lactose composed products. This
can be caused due to inappropriate amount of β-galactosidase to digest
it in intestine. That's why patients suffering from this need to avoid
lactose based products such as milk or dairy products (Raghavendra &
Halami, 2009). In this study, yeast strains had highest β-galactosidase
(p < .05) activity compared to bacterial strains. All three yeast strains
had ability to hydrolyze β-galactoside, W. anomalus QAUWA02 had
revealed the significantly high hydrolysis whileW. anomalus QAUWA04
and W. anomalus QAUWA03 had no significant difference (p < .05).

Bacterial strains had significantly low activity and not all isolated
strains had ability to degrade β-galactoside. Among these strains B.
cereus QAUSD07, E. faecalis QAUSD04 and E. faecalis QAUSD06 had
revealed no activity while E. mundtii QAUSD01 had comparatively
higher (p < .05) activity followed by E. faecalis QAUSD05, B. mega-
terium QAUSD03 and E. faecalis QAUSD02 (Table 2). Cebrian et al.,
(2012) also found similar results when they conducted an experiment
on the characterization of functional, safety and probiotic potential of
E. faecalis UGRA10. This study was in corroboration with the earlier
findings (Riaz Rajoka et al., 2017), regarding probiotic potential of
Lactobacillus rhamnosus, isolated from human milk.

3.6. Antibioitics susceptibility of isolated gluten-degrading bacteria

The results revealed that B. megaterium QAUSD03, E. faecalis
QAUSD04 and E. faecalis QAUSD05 had no significant susceptibility
against ceftriaxone. While no significant difference (p < .05) was ob-
served among all remaining strains and these strains had partial sus-
ceptibility. All bacterial strains were not susceptible to ciprofloxin,
gentamicin, novobiocin and vancomycin. Highest susceptibility of all
strains was observed against vancomycin and among all strains E.
mundtii QAUSD01 had revealed maximum susceptibility (p < .05)
against it. Novobiocin exhibited partial susceptibility among all anti-
biotics used in this experiment after ceftriaxone (Table 3). In this ex-
periment L. plantarum ATCC 14197 had significantly high susceptibility
against all antibiotics. These results were in accordance with the find-
ings of Cebrián et al. (2012). They evaluated the susceptibility of E.
faecalis strains against various antibiotics and disclosed that these
strains were susceptible to applied antibiotics. This study also con-
curred with the results of Riaz Rajoka et al., (2017), worked on the
probiotic properties of Weissella and Leuconostoc strains.

3.7. Inhibition of pathogens by gluten-degrading microbiota

Antagonistic activity of gluten-degrading microbiota was evaluated
against S. aureus ATCC33862, E. coli CIP103982 and C. albicans
ATCC10231 (Results not shown). W. anomalus WAQAU03 exhibited
clear zone of 12mm against C. albicans that was significantly high
among all yeast strains, followed by W. anomalus WAQAU02 and W.
anomalus WAQAU04 which had 8 and 7mm inhibition zones, respec-
tively. While two yeast strainsW. anomalusWAQAU03 andW. anomalus
WAQAU04 had no inhibition against bacterial pathogens. These results
were in corroboration with the studies reported the possible antag-
onistic interactions between yeasts (Golubev, 2006).

Among all bacterial strains only E. mundtii QAUSD01, E. faecalis
QAUSD06 and L. plantarum ATCC 14917 showed antagonistic effect
against C. albicans ATCC10231. While E. faecalis QAUSD04 (8mm) had
revealed significantly high (p < .05) inhibition against S. aureus
ATCC33862 followed by E. mundtii QAUSD01 and L. plantarum ATCC
14917 which had 6 and 5mm zone of inhibition, respectively.
However, all other strains had significantly (p < .05) lower inhibition
against it. The control positive strain; L. plantarum ATCC 14917 showed
significantly high antagonistic effect against E. coli CIP103982 (9mm)
followed by E. mundtii QAUSD01, E. faecalis QAUSD04, E. faecalis
QAUSD06 and E. faecalis QAUSD05 had 6, 4 and 2mm zone of in-
hibition respectively. While B. cereus QAUSD07 and B. megaterium
QAUSD06 had shown no inhibition against E. coli CIP103982. These
results were concurred the vaginal origin lactic acid bacteria (Al Kassaa,
Hamze, Hober, Chihib, & Drider, 2014). The antimicrobial activity of
lactic acid bacteria and bacillus sp. is well know due to variety of in-
hibitory metabolites production, especilly bacteriocins.

3.8. In-vitro screening of selected microbiota as candidate for probiotic

Survival in human gut conditions is one of the crucial aspect of
probiotic strains based on tolerance to low pH, Bile salt tolerance,

Table 1
Molecular identification of isolates.

Strain Code Species Accession number

QAUWA02 Wickerhamomyces anomalus KU949595.1
QAUWA03 Wickerhamomyces anomalus KU949596.1
QAUWA04 Wickerhamomyces anomalus KU949597.1
QAUSD07 Bacillus cereus KY785327.1
QAUSD06 Enterococcus faecalis KY785326.1
QAUSD02 Enterococcus faecalis KY785322.1
QAUSD05 Enterococcus faecalis KY785325.1
QAUSD03 Bacillus megaterium KY785323.1
QAUSD01 Enterococcus mundtii KY785321.1
QAUSD04 Enterococcus faecalis KY785324.1

Table 2
Auto-aggregation and β-galactosidase activity of isolates.

Strain % Auto-aggregation β-galactosidase activity
(MU)

Wickerhamomyces anomalus
QAUWA02

61.24 ± 0.27b 735 ± 23a

Wickerhamomyces anomalus
QAUWA03

60.85 ± 0.14ab 688 ± 18c

Wickerhamomyces anomalus
QAUWA04

64.34 ± 0.29a 706 ± 31b

Lactobacillus plantrum ATCC
14917

43.89 ± 0.24c 347 ± 47h

Enterococcus mundtii QAUSD01 40.57 ± 0.17de 513 ± 14d

Enterococcus faecalis QAUSD02 33.43 ± 0.11f 421 ± 25g

Bacillus megaterium QAUSD03 32.54 ± 0.31f 456 ± 29f

Enterococcus faecalis QAUSD04 42.37 ± 0.31 cd –
Enterococcus faecalis QAUSD05 39.87 ± 0.31e 496 ± 27e

Enterococcus faecalis QAUSD06 44.00 ± 0.51c –
Bacillus cereus QAUSD07 41.12 ± 0.22cd –

All the results were obtained after 24 h and the values are represented as mean SD of three
independent replicates. The auto-aggregation ability and β-galactosidase activity were
significantly different (different letters) between different isolates at the level of p < .05
as measured by Tukey's test.

H.A. Sakandar et al. LWT - Food Science and Technology 91 (2018) 271–277

274



attachment to intestinal mucosa (hydrophobicity) and cholesterol as-
similation.

The tested bacterial strains exhibited variable survival level in MRS
broth (pH 2.5) while no significant change (p < .05) in suvival of yeast
strains was observed in OGB (2.5 pH). The E. mundtii QAUSD01 showed
significantly higher survival among all bacterial strains followed by E.
facaelis QAUSD04 strains and B. megaterium QAUSD03,while E. facaelis
QAUSD05 had lowest survival-ability. The strains E. facaelis QAUSD02,
B. cereus QAUSD07 and E. facaelis QAUSD06 had no significant differ-
ence, as they could not survive at low pH (Table 4.). The viable counts
of all bacterial and yeast strains after 3 h incubation in pH adjusted to
2.5 in OGB medium were in accordance with ealrier findings (García-
Hernández et al., 2012). The isolated yeast from broilers excreta to
evaluate in-vitro potential of yeast as probiotic candidate. (Al-Atya
et al., 2015) also concurred these results as isolated E. faecalis strains
from meconium and evaluated them for their probiotic potential. Si-
milarly, the results of this study were in corroboration with the studies
of Riaz Rajoka et al., (2017).

Table 4 shows the ability of microbial strains to survive in bile salt
media. It was revealed that yeast strains had significantly high ability to
survive among all strains while there was no significant difference
found among yeast strains. There was lot of variability found in bac-
terial strains. The E. mundtii QAUSD01 exhibited the highest ability to
survive at 0.4% bile salt concentration while E. faecalis QAUSD04 had
no significant difference to the afore mentioned strain. Similarly, there
was no growth of B. cereus in media at 0.4% bile salt concentration
while E. faecalis QAUSD02, B. megaterium QAUSD03, E. faecalis QAU05,
E. faecalis QAUSD06 exhibited no significant difference growth (Nueno-
Palop & Narbad, 2011). Riaz Rajoka et al., (2017) had worked on
probiotic assessment of E. faecalis strains which were isolated from
human gut and their results are in accordance with our findings.

Bile salt tolerance is the major criteria for the evaluation of pro-
biotic strains as this will denote the survivability of strains in adverse
environment of human intestine. Bile salts play an important role in
physiology function with respect to the survival of LAB in intestine. It is
reported that 0.3% bile salt concentration is crucial concentration to
evaluate the probiotic potential of strains and this study used 0.4%.
This resulted in significantly low survivability (p < .05) of most bac-
terial strains but significant (p < .05) survivability of all yeast strains.
These samples were collected from local bakery shops which had un-
hygienic conditions. So, this could be due to the contamination of
sourdough samples with human stool. Which consisted of high level of
bile salts and attributed to the bile salt tolerance of these strains.

Microbial cell Surface hydrophobicity could be estimated by de-
termining the level of bacterial attachment with interface of numerous
organic substances in liquid culture media (Aswathy, Ismail, John, &
Nampoothiri, 2008). In this study xylene was used to evaluate the hy-
drophobicity of the microbial strains. These values can determine the
ability of microbiota to colonize in GIT of human. The results showed
that the yeast strains had significantly high hydrophobicity (p < .05)
among all microbial strains (Table 4). A significantly high value of
hydrophobicity was observed in W. anomalus QAUWA04 while W.
anomalus QAUWA02 and W. anomalus QAUWA03 had no significant
difference (p < .05). The tested bacterial strains had moderate hy-
drophobicity among all these strains E. faecalis QAUSD05 had the
maximum value followed by E. faecalis QAUSD02 and no significant
difference was recorded among E. mundtii QAUSD01, E. faecalis
QAUSD06, B. cereus QAUSD07, B. megaterium QAUSD03 and E. faecalis
QAUSD04.

Hydrophobicity can vary among genetically close related species
and even among strains of the same species (Schär-Zammaretti &
Ubbink, 2003). It was observed in some studies that strains with high

Table 3
In-vitro screening of selected microbiota as candidate for probiotic, it is expressed as clearance zone (mm).

Strain ciprofloxin ceftriaxone gentamicin novobiocin vancomycin

Lactobacillus plantrum ATCC 14917 45 ± 1.27a 23 ± 0.89a 21 ± 0.62c 25 ± 0.54a 34 ± 0.84b

Enterococcus mundtii QAUSD01 24 ± 0.91c 10 ± 0.38d 24 ± 0.27b 16 ± 0.25c 36 ± 0.79a

Enterococcus faecalis QAUSD02 24 ± 0.84c 15 ± 0.44bc 15 ± 0.47e 13 ± 0.63de 33 ± 0.57b

Bacillus megaterium QAUSD03 22 ± 0.94c – 32 ± 1.05a 17 ± 0.19c 29 ± 0.34c

Enterococcus faecalis QAUSD04 25 ± 1.11c – 15 ± 0.88e 14 ± 0.44d 34 ± 0.48b

Enterococcus faecalis QAUSD05 19 ± 0.74d – 18 ± 0.59d 12 ± 0.87e 34 ± 0.51b

Enterococcus faecalis QAUSD06 39 ± 0.85b 13 ± 0.58c 17 ± 0.63d 19 ± 0.69b 24 ± 0.61e

Bacillus cereus QAUSD07 17 ± 0.45d 17 ± 0.77b 11 ± 0.54f 07 ± 0.11f 27 ± 0.51d

The antibiotic susceptibility is indicated as the diameter of the clearing zone around the isolate colonies. The values are the expressed as mean ± SD (n= 3). The data less than 20mm
indicate weak antibiotic susceptibility; 20mm–30mm indicate partial susceptibility, 30mm–45mm indicate highly susceptibility. Significant difference (different letters) was observed
between strains and antibiotics by the Tukey's test (p < .05).

Table 4
In-vitro screening of selected microbiota as candidate for probiotic (n= 3).

Strains pH tolerance (%) Bile salt tolerance (%) Hydrophobicity (%) Cholesterol assimilation (%)

2.0 2.5 3.0 7.4 0 0.2 0.4

Wickerhamomyces anomalus QAUWA02 96.20a 97.40a 98.70a 100a 100a 99.40a 98.70a 57.93 ± 0.95c 52.67 ± 2.78c

Wickerhamomyces anomalus QAUWA03 96.80a 97.60a 98.90a 100a 100a 99.60a 98.90ab 58.68 ± 1.17bc 57.23 ± 1.54b

Wickerhamomyces anomalus QAUWA04 95.70a 96.60a 97.70a 99.80a 100a 98.80a 97.80b 67.73 ± 1.45a 74.55 ± 2.12a

Lactobacillus plantrum ATCC 14917 97.20a 97.70a 98.10a 100a 100a 99.70a 99.50a 60.86 ± 1.12b 41.87 ± 1.47d

Enterococcus munditii QAUSD01 89.00ab 91.10ab 92.40b 98a 100a 90.10b 72.90c 38.45 ± 0.54f 37.89 ± 0.98f

Enterococcus faecalis QAUSD02 00.00 00.00 27.00c 86ab 100a 39.00f 25.90e 43.17 ± 1.23e 39.41 ± 1.21e

Bacillus megaterium QAUSD03 87.60b 88.90b 91.40b 97.70a 100a 59.90c 26.20e 9.48 ± 1.14g 27.78 ± 0.78h

Enterococcus faecalis QAUSD04 88.40b 91.30b 93.10ab 100a 100a 92.40b 67.40d 11.24 ± 0.93g 33.75 ± 0.97g

Enterococcus faecalis QAUSD05 85.70b 89.40b 92.40b 100a 100a 47.20d 25.50e 55.84 ± 0.87d 24.17 ± 0.65i

Enterococcus faecalis QAUSD06 00.00 00.00 22.00c 82b 100a 41.40e 14.70f 37.45 ± 0.72f 34.69 ± 0.53g

Bacillus cereus QAUSD07 00.00 00.00 20c 84b 100a 18.50g 00.00 37.71 ± 1.11f 28.54 ± 0.41h

All the results were obtained after 24 h and the values are represented as mean SD of three independent replicates. The cholesterol assimilation, hydrophobicity and bile salt tolerance
(0.4%) and pH tolerance (2) were significantly different (different letters) between different isolates at the level of p < .05 as measured by Tukey's test. However, no significant
difference was observed among yeast strains for pH tolerance and bile salt tolerance at the level of p < .05 as measured by Tukey's test.
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values of hydrophobicity do not always attach to HT-29 cells at a high
level. It was demonstrated by various studies that L. pentosus ST712BZ
strain, characterized by a relatively low hydrophobicity value (38%)
revealed attachment to HT-29 cells at 63%. Cebrián et al. (2012)
worked on the attachment of E. faecalis strains with Caco 2 and HeLa
299 cell lines and found similar results. Thus it can be concluded that
hydrophobicity may help in attachment, but is not a compulsory pre-
requisite for colonization (Silva et al., 2017; Todorov et al., 2008).

Microorganisms requires lipid derivatives during their growth be-
cause various types of fatty acids play an important role in the synthesis
of eukaryotic cell membranes and its protection (Luparia, Soubeyrand,
Bergès, Julien, & Salmon, 2004). Cholesterol assimilation by isolated
strains is shown in Table 4. Cholesterol assimilation assay showed
significant variation among the microbial strains.

Among yeast strains W. anomalus QAUWA04 revealed highest
(74.55 ± 2.12) cholesterol assimilation (p < .05) while remaining
strains had low values. Significant variation was observed in bacterial
strains. However, E. faecalis QAUSD02 had significantly high value
followed by E. mundtii QAUSD01 and lowest value was observed in E.
faecalis QAUSD05 while E. megaterium QAUSD03 and B. cereus
QAUSD07 had no significant difference (Table 4). It has been reported
for years that LAB can assimilate cholesterol from bile salts and cho-
lesterol supplemented growth media (Kimoto, Ohmomo, & Okamoto,
2002; Riaz Rajoka et al., 2017). The bacterial ability to assimilate the
cholesterol greatly varies between strains due to genetic variations and
adaptation (Psomas, Fletouris, Litopoulou-Tzanetaki, & Tzanetakis,
2003). It was revealed that yeasts removed cholesterol during their
growth in media supplemented with cholesterol micelle. In this ex-
periment L. plantarum ATCC 14917 (control probiotic strain) had sig-
nificantly high values for pH tolerance, bile salt tolerance, hydro-
phobicity and cholesterol assimilation and these values were close to
the values for E. mundtii QAUSD01.

4. Conclusion

Fermented food products constitute an ever-interesting habitat for
isolation of lactic acid bacteria strains having ability to improve tech-
nological and nutritional properties at industry. Diversity of lactic acid
bacteria has been fascinating not only at their species level, but also at
strain level due strain dependent technological properties. Present
study was conducted to isolate and evaluate the gluten-degrading iso-
lates as potential probiotic candidate. All isolated strains had potential
to degrade gluten and among them two strains revealed highest gluten
degradation along with the ability to tolerate pH, acidity, bile salts,
auto-aggregation and anti-pathogenic activity. Among the yeast strain,
W. anomalus QAUWA03 and among bacterial strains, Enterococcus
mundtii QAUSD01, showed excellent characteristics to be further eval-
uated by in vivo studies and could be probiotic candidates for food in-
dustry. We could conclude from this study that the E. mundtii QAUSD01
and W. anomalus QAUWA03 are safe to use in cereal fermentations.
Based on preliminary finding, it could infered that, these strains can be
used in production of gluten based fermented foods for celiac patients.
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1  | INTRODUCTION

Cereals are defined in various ways including as “members of gram‐
ineae family, which is grown for its edible purposes.” It is believed 
that cereals were cultivated circa 700 BC, as this practice was ad‐
opted by humans for their survival, presently, more than 30 types 
of cereals such as wheat, barley, rice, rye, maize, amaranth, and mil‐
letare grown and consumed worldwide in various forms to fulfill 
the energy and nutrient requirements of populations (El Sheikha, 
2016a, 2016b; Gänzle & Zheng, in press). Recent research has also 

indicated that various types of cereals can have functional food 
benefits and could also have added health properties generated 
via fermentative processes. A multitude of fermented products are 
produced from cereals, which are known by different names in dif‐
ferent countries (El Sheikha, 2016a; Mildner‐Szkudlarz & Bajerska, 
2016). This review has comprehensive note on fermentation of 
wheat from Pakistani perspective, antinutritional factors (ANF) 
pros and cons, allergic compounds in wheat and their degradation 
by fermentation, and various other methods to improve nutritional 
value and quality.
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Abstract
Nutraceutical products have gained prominence nowadays owing to their plethora of 
suggested positive health attributes. Several types of foods have likewise been indi‐
cated to provide a wide variety of functional health properties. Especially, functional 
foods with probiotic properties, such as fermented milks containing lactic acid bacte‐
ria and yeast, have generated considerable regard, sourdough bread has received 
recent attention as wheat fermentation could improve essential mineral bioavailabil‐
ity and provide additional health and nutritional benefits including the provision of 
probioticmicrobes. Sourdough fermentation is also associated with anti‐fungal and 
anti‐bacterial properties that can improve bread shelf life and quality including the 
provision of attractive organoleptic characteristics. In addition, this review succinctly 
highlights the fermentation of wheat from Pakistani perspective, antinutritional fac‐
tors, and their pros and cons, allergic compounds in wheat and their degradation by 
fermentation and various other methods to improve nutritional value and quality that 
have appeared in the recent research.
Practical applications
The field of sourdough microbiology and technology is currently limited by the num‐
ber of comprehensive review articles with study on novel microorganisms known to 
degrade gluten, with much research focus on phytic acid and gliadin degradation. 
This review article will broaden the knowledge of food scientist who are working in 
the field of sourdough bread. This review article also discusses the microbiota re‐
sponsible for nutraceutical bread production in baking industry. Sourdough technol‐
ogy is mushrooming in many areas of the world due to its myriad health and quality 
benefits.
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2  | WHEAT (TRITICUM AE S TIV UM )

Wheat	 (Triticum aestivum) is one of the most consumed cereals in 
the world and is also an important cash crop for farmers and gov‐
ernments. It is a member of the Triticum genus, which has plenty of 
species (Tebben, Shen, & Li, 2018). Some countries such as China, 
United	 States,	 and	 Russia	 produce	 the	 highest	 quantity	 of	 wheat	
(Zhou & Garvie‐Lok, 2015). In Pakistan, wheat ranks first in terms 
of production and consumption, followed by rice and cotton (Anjum 
&	Walker,	 1991;	 Sakandar,	 Usman,	 &	 Imran,	 2018).	 According	 to	
the	estimates	by	United	States	Department	of	Agriculture	 (USDA)	
worldwide wheat production was estimated as 733.55 million tons 
in	2018–2019.	Wheat	is	considered	as	a	readily	accessible	and	inex‐
pensive food staple for the provision of calories, proteins, and car‐
bohydrates in myriad of developing countries, which lack access to 
animal protein sources. In order to produce flour, wheat grains are 
processed into bread via an intermediate dough‐making stage. Some 
common	examples	of	foods	prepared	by	wheat	are	crackers,	bread,	
cakes, pasta, muffins, and bagels (Kang et al., 2012; Liu, Zhou et al., 
2018). In addition, fermentation of wheat by yeast (Saccharomyces 
cerevisie) and lactic acid‐producing bacteria is an age‐old biotech‐
nological procedure that dates back to ancient Egyptian history. In 
ancient times, however, spontaneous fermentation was the sole ap‐
proach for fermentation to activate naturally occurring microbiota 
(Lopez et al., 2003; Ripari, Bai, & Gänzle, 2019). Presently, almost 
80% of the daily diet in many developing countries consists of wheat 
products in various forms such as chapatti, bread, pizza, biscuits, 
cakes, and other bakery products (Martins, Pinho, & Ferreira, 2017; 
Rosenfelder, Eklund, & Mosenthin, 2013).

2.1 | Nutritional importance of wheat

Cereals provide not only basic dietary components, but some cereals 
could also improve human health via their functional food attributes 
(Pétel, Onno, & Prost, 2017). Epidemiological findings have sug‐
gested that cereals may help to combat various prevailing metabolic 
disorders, that is, diabetes, various cancers, cardiovascular diseases 
(CVDs),	and	obesity	(Rosa‐Sibakov,	Poutanen,	&	Micard,	2015).	Food	
products produced by the process of fermentation could impact 
consumer health by providing additional health benefits in addition 
to	improved	texture,	flavor,	and	aroma	(Minervini,	Lattanzi,	Dinardo,	
De	Angelis,	&	Gobbetti,	2018).	These	fermented	food	products	in‐
clude vinegar, alcoholic beverages, sausages, pickles, yoghurts, vari‐
ous cheeses, and sourdough breads. Nowadays, fermented dough 
bread is reaching at its pinnacle in Europe due to its astonishing at‐
tributes such as positive health effects and fascinating natural taste 
(Poutanen, Flander, & Katina, 2009; Rezaei, Najafi, & Haddadi, 2019).

Wheat	is	one	of	the	renowned	cereal	which	has	attractive	prop‐
erties related to protein composition and its role in baking products. 
It also has high concentrations of minerals and vitamins which has 
positive health effects on entire flour consumers as compared to re‐
fined form of flour which has reduced the amount of essential min‐
erals	and	vitamins	(Karimov	et	al.,	2019;	Tuncel,	Yılmaz,	Kocabıyık,	&	
Uygur,	2014).	Different	vitamins	and	minerals	percentage	compari‐
son to whole wheat flour and refined flour are given in Figure 1. It is 
also depicted that how much percentage of nutrients are enriched in 
flour.	Wheat	is	found	to	be	a	rich	source	of	phosphorous,	selenium,	
magnesium, and manganese. It can also possess nutritionally signifi‐
cant amounts of iron, zinc, copper and potassium.

F I G U R E  1   Nutrients in wheat flour: 
whole, refined, and enriched flours
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Based on total dry mass, wheat grain can have a protein content 
ranging between 10 and 18%. According to their solubility proper‐
ties, wheat proteins are categorized into four types: albumins; water 
soluble, globulins; salt soluble, gliadins; soluble in ethanoland glute‐
nins;	soluble	in	acid	and	base	solutions	(Geisslitz,	Wieser,	Scherf,	&	
Koehler, 2018; Hajas et al., 2018). Gliadins and gluteninsare the two 
majorprotein components of gluten found in wheat and other grains 
such as rye, oat, and barley (Šramková, Gregová, & Šturdík, 2009). 
The major storage form of energy in cereals is starch. Starch is a 
glucose polymer of two major distinguishable types in the form of 
amylose and amylopectin (Konik‐Rose et al., 2007). On dry matter 
basis, wheat grain contains a starch content that ranges from 60% 
to 75%.

Fiber can be defined as “carbohydrates that are not hydrolyzed 
or absorbed in the upper part of the gastrointestinal tract” as hetero‐
geneous groups of compounds with unique and overlapping func‐
tions, dietary fibers optimize health and provide the best outcomes 
when they complement and augment each other it has beneficial 
effect on human health by boosting fecal weight and transit time, 
both are the indicators of intestinal health (Han, Ma, Li, Zheng, & 
Wang,	2018;	Jones,	2013).	Various	studies	suggested,	consumption	
of fiber protects against many diseases that is, cancer, cardiovas‐
cular and diverticular diseases, and regulation of metabolism (Rave, 
Heise, Heinemann, & Boss, 2008). It is recommended for consumers 
in	the	United	States,	and	Europe	to	fulfill	their	daily	requirements	of	
fiber	to	keep	intestinal	tract	healthy	from	various	sources.	Wheat	is	
one of the major and cheap source to fulfill the requirement of fiber 
(Anudeep, Prasanna, Adya, & Radha, 2016).

Major source of fiber in wheat is its bran which consists of two 
types	 of	 fiber;	 soluble	 and	 insoluble	 fiber.	 Water‐soluble	 fiber	 in	
wheat mainly consist of hemicellulose fraction. This type of fiber 
enhances glucose tolerance and decreases plasma lipids (Giuberti & 
Gallo, 2018; Yan, Ye, & Chen, 2015).

Vitamin B6, thiamine, riboflavin, niacin, pantothenic acid, vitamin 
B12, and folate are present in wheat. In addition to that wheat also 
contains small, yet significant amounts of vitamin K and vitamin E 
(Gutiérrez‐Dorado	et	al.,	2008).	Hundred	grams	of	wheat	provide	an	
average amount of 339 calories and hence, owing to its reasonable 
amount of caloric content, it has been accepted as a valuable diet 
(Šramková	et	al.,	2009).	Wheat,	for	a	healthy	metabolism,	should	be	
consumed as whole, since it inhibits several diseases including breast 
cancer, cardiovascular disorders, childhood asthma, and gallstones. 
Risk of high blood pressure, cholesterol, and type 2 diabetes is also 
found to be significantly reduced. The most leading benefit of all 
is that it contains phytonutrients, which are responsible for cancer 
protection and to maintain the higher count of blood cells (Shewry, 
2018; Slavin, 2013).

2.2 | Wheat requirement

Estimates for the wheat consumption throughout the world sug‐
gest that per day, an individual consumes about 250 grams of wheat. 
For	 a	 person	 aging	 25–40	years,	 it	 satisfies	 30%	 and	 49%	 of	 his	

requirements	for	energy	and	protein,	respectively	(Gong,	Chi,	Wang,	
Zhang, & Sun, 2019).

2.2.1 | Overall wheat production

According	to	the	estimation	of	USDA	for	June	2018–2019,	the	wheat	
production was increased to 733.55 million tons. However, from the 
record	763.32	million	tons	in	2014–2015,	it	was	decreased	to	4.39	
million tons.

2.2.2 | Wheat consumption worldwide

The	consumption	of	wheat	worldwide	was	increased	to	745.60	mil‐
lion	tones	and	for	the	previous	year,	it	was	found	to	be	745.09	million	
tons	(USDA/FAS,	2018).

2.2.3 | Wheat production in Pakistan

As	stated	by	the	USDA	for	2018,	the	revised	production	of	wheat	
was	 found	 lower	 by	 374	 thousand	 metric	 tons,	 from	 the	 record	
26,674	thousand	metric	tons.	The	decrease	was	observed	from	the	
previous	year’s	bumper	level	(USDA/FAS,	2018).

2.2.4 | World wheat market

The comparison of wheat production, supply, utilization, trade, and 
ending stocks throughout the world from 2013 till 2018 is stated in 
Table 1.

3  | SOURDOUGH BREAD

Among the oldest skills, which are still acknowledged by mankind, 
is the bread‐making technology. It was suggested in various find‐
ings that the bread is used as a portion of diet by ancient Greeks, 
Egyptians, and people belonging to Rome and Babylon (Pétel et al., 
2017). The techniques for producing bread vary widely. In order to 
achieve	certain	good	qualities	for	example,	nutritional	improvement,	
shelf life, and production of digestible and palatable food, bread‐
making technology is gaining much importance, high volume and 
shelf life, microbiologically safe product, and good nutritional and 
sensory characteristics are the principal features for the leavened 
white breads (Chavan & Jana, 2008; Mildner‐Szkudlarz & Bajerska, 
2016); these characteristics retard the spoilage of bread from bac‐
teria and molds (Behera & Ray, 2016; Gänzle, Haase, & Jelen, 2008).

The	preparation	of	sourdough	is	carried	out	by	mixing	water	and	
flour, which is then fermented with homo and hetero‐fermentative 
lactic	acid	bacteria	(LAB);	hence,	in	the	mixture,	increasing	the	lactic	
acid and acetic acid concentration. As a result of this fermentation, a 
sour	taste	product	is	achieved	(El	Sheikha	&	Mahmoud,	2016;	Vrček	
et	al.,	2014).

Sourdough	 can	 be	 defined	 as	 an	 acidic	 sharp	 tasting	 mixture	
of flour and water for the development of bread from cereal flour, 
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especially wheat and rye. Sourdough bread is a traditional product 
which has high nutraceutical factors due to positive interaction of 
yeast and LAB and biochemical reactions (Gobbetti, 1998). In other 
words, it can be defined such as “a dough which has microbiota 
whose origin is from fermented dough or a sourdough starter; and 
which are active metabolically and when flour is added they con‐
tinue to produce acid sourdoughs.

Sourdough production technology was started in ancient times 
and is still contemporary with lot of improvements (Chavan & Jana, 
2008) sourdough is not only produced from wheat flour but also 
from other sources that is, rye, oat, barley, corn, and many others, 
and various sources of flour imparts different characteristics to 
bread such as flavor, nutritional value, organoleptic properties, and 
shelf life (Gobbetti et al., 2018).

Fermented	 doughs	 are	 very	 complex	 biological	 ecosystems,	
where	LAB	is	the	dominant	organisms,	and	mostly	they	co‐exist	with	
yeasts, which are also present in high concentrations. Owing to fas‐
cinating properties of sour dough bread such as taste, flavor, and nu‐
tritional properties for consumers, it has many positive facets over 
non‐sourdough bread in the current period (Corsetti et al., 2003).

Many nutraceutical attributes are owned by sourdough such as 
decreasing the risk of colorectal cancer, cardiovascular disorders, 
diabetes, and obesity. Most importantly, it is also very useful for 
those people who are gluten intolerant (celiac disease). Sourdough 
contains wide range of probiotics which bestows positive effects on 
health	(Slavin,	2004).

3.1 | Types of sourdough bread

Bread‐making technology is probably one of the oldest technolo‐
gies. There are evidences that in various civilizations such as Egypt, 
Babylon, Rome, and Greek, they utilized bread as a part of their diet. 
Huge quantity of bread is consumed in various forms around the 
globe depending on traditions of the local people (Gobbetti et al., 
2018). One of the oldest, diverse, and most popular product in the 
world are flat breads. It is estimated that over two thousand million 
people eat various kinds of wheat flour breads all over the globe. 
Various types of technologies over the world are adopted by the 
technologists to make various bread products (Gänzle & Zheng, in 
press; Martins et al., 2017). These technologies are improved to pro‐
vide the consumers fascinatingly palatable, nutritious, and digest‐
ible food. The most fascinating parameters of bread is the quality of 
being soft, raised volume, elastic structure of crumb, high nutritious, 
better	shelf	life,	and	microbiological	nontoxic	food	product	(Cauvain,	
2007).

3.2 | Microbial diversity in sourdough bread

Microbiota	of	sourdough	 is	quite	complex,	especially	of	spontane‐
ously fermented sourdough. The microbial population of dough 
ultimately confers queer attractive technological and nutraceutical 
attributes to the final cereal product (Gobbetti, Giuseppe Rizzello, 
Di	Cagno,	&	De	Angelis,	2007;	Minervini	et	al.,	2018).	Almost	200	
of different wheat fermented breads are produced in Italy, and all 
depends on type of substrate, microbiota, and technology used for 
bread production. Research from microbial perspective of sour‐
dough was started hundred years ago (Nistal et al., 2012). It is re‐
vealed by studies that sourdough has community of LAB which has 
more than 50 species that is, Lactobacillus and more than 20 species 
of	yeast	 (Leroy	&	De	Vuyst,	2004).	 In	 various	 studies,	100:1	 ratio	
of LAB and yeast were observed in fermented wheat flour dough 
(Gobbetti, 1998). It is reported that whole grains intake pose positive 
health effects on consumer health such as improved regulation of 
blood sugars lower chances of diabetes, heart disorders, and vari‐
ous cancers (Jacobs, Meyer, Kushi, & Folsom, 1998). Many attracting 
attributes are linked to sourdough bread such as fascinating flavor, 
aroma, and its enhanced shelf life (Katina, Heiniö, Autio, & Poutanen, 
2006). LAB is considered GRAS (generally regarded as safe) and 
has long history to be used in food industries all around the world 
(Magnusson, Arvola, Hursti, Åberg, & Sjödén, 2003).

The GRAS organisms added in wheat flour such as LAB and yeast 
provides various deficient amino acids and minerals in final sour‐
dough product as cereal grains are deficient of these amino acids. 
Positive impact of LAB and yeast improves the bioavailability of 
sourdough bread made from whole cereal meal (Lopez et al., 2003).

3.3 | Fungus in sourdough

Fungus plays a major role in sourdough fermentation because it is 
present in 1:100 ratio with LAB. Various types of yeasts are pre‐
sent in it, and the concentration of each fungus specie depends 
on environment, region, and processing techniques (Saranraj & 
Sivasakthivelan,	 2015;	 Weckx,	 Van	 Kerrebroeck,	 &	 De	 Vuyst,	 in	
press). Saccharomyces cerevisie is one of the known yeast species 
which is widely present in sourdough (Olstorpe, Jacobsson, Passoth, 
& Schnürer, 2011), but in Asian counties, especially Pakistan, Pichia 
anomala (Wickerhamomycesanomalus) is present in large quantity 
as compared to S. cerevisie (Sakandar et al., 2018). It is different 
from bakers’ yeast because its Crabtree is negative (insensitivity 
to glucose). W. anomalus has various positive impacts on product 

2013–2014 2014–2015 2015–2016 2016–2017 2017–2018

Production 730,375 738,415 756,509 763,058 730,922

Supply 897,614 857,277 891,356 921,114 937,344

Utilization 705,126 716,307 739,828 745,094 745,601

Trade 161,959 171,961 182,252 182,556 180,803

Ending stocks 222,247 244,355 261,036 279,000 260,175

TA B L E  1  Wheat	production	and	
utilization (thousand metric tons)
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as antifungal properties which improves shelf life of the product. It 
produces more volatile compounds than S. cerevisie which improves 
organoleptic properties of the product (Jijakli, 2010).

Six	 types	 of	 yeast	 are	 mainly	 present	 in	 sourdough	 that	 is,	 S. 
cerevisiae, Kazachstaniaexigua, Candida humilis, Pichia kudriavzevii, 
Torulaspora delbrueckii, and W. anomalus and overall 20 fungal spe‐
cies are present. Among yeasts, S. cerevisie is more sensitive as 
compared to S. exiguous and Torlupsisholmii. Acidity, water content, 
and sugars effect the growth and abundance of yeast population. In 
Belgian sourdoughs, W. anomalus	is	abundantly	found	(De	Vuyst	et	
al.,	2014).

3.4 | LAB in sourdough

Most dominating microbiota in sourdough is LAB, especially lactoba‐
cillus species. Other bacterial species are also present in sourdough 
bread	 such	 as	 Leuconostoc,	 Enterococcus	Weissella,	 Lactococcus,	
Pediococcus, and Streptococcus and many other Gram‐negative 
bacterial species which ultimately determines robustness of final 
product (Liu, Zhou et al., 2018). Ganzel and his co‐workers in his 
studies revealed that almost more than 50 species of LAB have been 
isolated from sourdough bread (Gänzle et al., 2008). According to 
the study, 30 LAB species are mostly found in sourdough among 
them, Lactobacillus sanfranciscensis is one of the most common LAB 
which are mostly present in sourdough bread. Some lactic acid pro‐
ducing bacterial species belong to human gastrointestinal origin 
(Lactobacillus reuteri and Lactobacillus acidophilus) which may be pre‐
sent	due	to	contamination	(Gobbetti,	Minervini,	Pontonio,	Di	Cagno,	
&	De	Angelis,	2016).	Primarily,	two	types	of	LAB	are	present	in	ce‐
real‐fermented products which are categorized into homofermenta‐
tive; which produces only lactic acid as fermentation final product 

by glycolytic cycle (>85%) and heterofermentative; produces lactic 
acid,	acetic	acid,	and	carbon	dioxide	by	6‐phosphogluconate	meta‐
bolic cycle. Homofermentative LAB is most common as compared 
to heterofermentative but later produces more variety of flavor 
compounds	and	bestows	unique	characteristics	to	final	product	(De	
Angelis	et	al.,	2006).	Detailed	LAB	population	of	sourdough	is	illus‐
trated in Table 2.

Heterofermentative LAB also slightly contributes in leavening of 
dough	 as	 does	 yeast	 by	producing	 slight	 amounts	of	 carbon	diox‐
ide. So, cereal fermentation with heterofermentative LAB produces 
more	complex	and	unique	products.	Dominance	of	bacterial	species	
also depends on the composition of substrate due to which one spe‐
cies antagonize or synergize other bacterial species by producing 
various types of bacteriocins and antibacterial compounds.

3.5 | Interaction between fungus and bacteria

Elucidation of synergistic or antagonistic effect on quality and 
nutrition value is of serious concern for sourdough baking indus‐
tries which at the end fascinates consumers and increase prod‐
uct	demand	(Sieuwerts,	Bron,	&	Smid,	2018).	Sometimes	complex	
food	matrix	is	not	metabolized	so	co‐metabolism	helps	to	beef	up	
product attributes and fulfills consumers demand. Lactobacillus 
sanfranciscensis happily utilizes maltose present in flour and con‐
vert it into glucose by 6‐phosphoglunolate pathway and ultimately 
glucose is metabolized by S. exigus; maltose‐negative yeast. So this 
association reduces competition and enhances growth of both mi‐
croorganisms (Nistal et al., 2012). S. cerevisie growth is hindered 
when L. brevis is present in high log which utilizes maltose and this 
yeast is maltose‐positive, as a result baker’s yeast diminishes after 
subsequent propagation due to maltose‐dependent repression 

Obligately homofermentative
Obligately 
heterofermentative

Facultatively 
heterofermentative

Lactobacillus amylovorus Lactobacillus acidifarinae Lactobacillus plantarum

Lactobacillus acidophilus Lactobacillus brevis Lactobacillus pentosus

Lactobacillus delbrueckii Lactobacillus buchneri Lactobacillus alimentarius

Lactobacillus farciminis Lactobacillus fermentum Lactobacillus paralimentarius

Lactobacillus mindensis Lactobacillus fructivorans Lactobacillus casei

Lactobacillus amylolyticus Lactobacillus frumenti

Lactobacillus johnsonii Lactobacillus hilgardii

Lactobacillus crispatus Lactobacillus panis

Lactobacillus pontis

Lactobacillus reuteri

Lactobacillus rossiae

Lactobacillus 
sanfranciscensis

Lactobacillus siliginis

Lactobacillus spicheri

Lactobacillus zymae

TA B L E  2   Lactobacillus species 
generally associated with sourdough 
fermentation are found in fermented 
sourdough
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of genes (Liu, Zhou et al., 2018). It was demonstrated that yeast 
can better associate with homofermentative LAB as compared to 
heterofermentative LAB. Baker’s yeast growth was enhanced with 
the interaction of L. plantarum both synergistically improved the 
production	of	carbon	dioxide	and	had	positive	impact	on	the	final	
leavened product with improved palatability (Schieberle & Engel, 
2002).

3.6 | Types of sourdough

3.6.1 | Type I sourdough fermentation

It is one of the oldest techniques adapted to process fermenta‐
tion. In this type of fermentation, continuous inoculation of fresh 
mixture	of	flour	and	water	 is	done	with	the	previous	fermented	
dough at normal temperature almost 20°C–30°C (Katina et al., 
2006). L. sanfascisco and L. Pontis are most dominating bacteria in 
this type of fermentation. It is a three step fermentation process, 
so it consumes longer time and unlike Type II and type III sour‐
dough it does not have S. cerevisie as leavening agent (Liu, Zhou 
et al., 2018).

3.6.2 | Type II sourdough fermentation

It is a one step fermentation process, so it requires less time for 
executing	the	process.	It	 is	carried	out	above	30°C,	so	it	has	dif‐
ferent quality and flavoring compounds as compared to type I 
sourdough. It has L. brevis, L. acidophilus, and L. lactis, which are 
dominating bacteria in type II sourdough. S. cerevisie is used as 
yeast culture for leavening in this type of sourdough (Hansen & 
Schieberle, 2005).

3.6.3 | Type III sourdough fermentation

It is the most convenient technique of wheat fermentation which 
takes very little time and is most advanced procedure for wheat 
fermentation. In this process, sourdough is dried by various tech‐
niques and stored, which contains culture for fermentation, these 
are directly used for wheat fermentation. It provides most fas‐
cinating	 flavor	 and	 texture	 to	 the	 final	 product	with	 less	quality	
variation. This process is adopted in technologically advanced 
countries.

4  | USEFULNESS OF SOURDOUGH 
MATERIALS IN FOOD INDUSTRY AND 
HUMAN NUTRITION

According to Bread Initiative (2016), 32 million tons of bread were 
produced	within	the	27	countries	of	EU.	Bread	consumption	pat‐
terns	differ	widely	within	the	EU,	but	most	countries	consume	an	
average of 50 kg of bread per person per year (Bread Initiative, 
2016). The European Bakery sector is composed by >190,000 
small‐ and medium‐sized enterprises and 2,200 large companies 
employing >2 million people. The market structure varies through‐
out Europe. According to the Bread‐Initiative. Eu, a consortium 
consists of five trade associations representing both craft and 
industrial	 companies	 in	 the	 cereal	 supply	 chain	 in	 the	 United	
Kingdom. The industrial sector represents 80% of bread produc‐
tion,	which	is	40%	in	Germany,	35%	in	France,	and	19%	in	Spain.	In	
Germany, 73.5% of breads are produced with sourdough, which is 
used by both artisanal and industrial bakeries. Sourdough manu‐
facturers deliver the baking branch either with starters for pro‐
duction of in‐house sourdoughs or with fully fermented sourdough 
products. In the latter case, sourdough production is separated in 
time and space from the bread production (Brandt, 2018). Market 
insights of sourdough has unraveled that the global sourdough 
market	is	expected	to	register	a	compound	annual	growth	(CAGR)	
of about 6.9% during 2018–2023. Owing to the mushrooming de‐
mand	of	 sourdough	 among	 consumers,	 it	 is	 being	 expected	 that	
the	sourdough	market	will	grow	exponentially.	The	rising	prefer‐
ences for these bread types can be attributed to the health ben‐
efits associated with them; these breads are highly digestible than 
the normal square‐factory bread loaves (Reale et al., 2019).

Europe accounts for the largest share of about 35% of the global 
market for sourdough. The growing consumer demand for gluten‐
free bakery products is an influential factor for the high market share 
of the same. North America and Europe account for over 50% of the 
total global share. In these regions, consumers are constantly look‐
ing for healthier product options, due to their progression toward 
healthier lifestyle. The increasing number of artesian bakeries is also 
a factor boosting the market growth for sourdough in developed re‐
gions.	Asia‐Pacific	is	expected	to	witness	the	highest	CAGR	during	
forecast period, due to the growing demand in developing countries, 
like China and India.

F I G U R E  2   Phytic acid structure
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4.1 | Fascinating flavor by sourdough—a high 
demand in food industry

Among sensory attributes, flavor is a perception of taste, odors that 
triggers nerve response (Lawless & Heymann, 2010). One of the 
most attractive organoleptic properties of food products which fas‐
cinate the consumers is its flavor. So bread with attractive smell and 
taste will influence the consumer to consume it (Schieberle, 1996). 
Desired	flavor	is	not	only	produced	by	the	ingredients	added	but	also	
fermentation and baking process plays significant role in it (Hansen 
& Schieberle, 2005). Fermentation of cereals is done to improve fla‐
vor of wheat breads. Sweet bread does not have as much good taste 
and flavor as LAB‐fermented dough bread. Some other attributes 
are also improved by the process of fermentation that is, various 
volatile and nonvolatile compounds are produced. The most aston‐
ishing property of sourdough is that it is panacea for celiac patients 
who are allergic to gluten protein. It is also used for the patients who 
encounter intermittent claudication (Gobbetti, 1998).

LAB confer flavors to sourdough bread although baking and raw 
material has major impact on flavor production. Fermentation with 
LAB produces flavors in crumb while baking imparts flavors to crust 
portion of bread. Several studies disclosed that chemically acidi‐
fied bread has no competitive fascinating flavors as LAB‐fermented 
bread.	Fermentation	quotient	 (FQ)	can	be	defined	as	the	ratio	be‐
tween acetic acid and lactic acid, this ratio imparts wide range of 
sensory	 quality	 to	 final	 product.	 It	 is	 also	 revealed	 that	 FQ	 also	
has effect on gluten network as acetic acid make gluten more hard 
network while lactic acid generates more elastic gluten network 
(Hansen & Schieberle, 2005).

4.2 | Enhanced shelf life and economy boost 
up of industry

Various types of antimicrobial compounds that is, lactic acid, benzoic 
acid,	hydrogen	peroxide,	and	acetic	acid	are	produced,	and	these	in‐
hibit growth of food‐borne pathogens. Most common factor to de‐
teriorate bread quality and shelf life is mold, these are inhibited by 
antifungal agents that is, organic acids which are produced by LAB 
and yeast. LAB are utilized as source of bio‐preservation, it means 
that these inhibit growth of other organisms which have worse ef‐
fects on food products (Magnusson et al., 2003). It has been reported 
that sourdough inhibits the mold growth in bread and makes it mold 
free	for	long	time.	Utilization	of	sourdough	has	reduced	the	use	of	
chemical preservatives which ultimately reduced such treatments 
that may affect healthy attributes of bread product (Lavermicocca et 
al., 2000). Type and amount of acids present in sourdough actually 
has relationship with bread quality and shelf life rather than the pH 
level of the bread. Magnusson and his co‐workers employed an agar 
well diffusion assay and revealed that organic acid is produced by 
L. sanfrancisco inhibits Fusarium graminearum. Some other chemical 
compounds	such	as	hydroxyl	fatty	acids,	returein,	cyclic	dipeptides,	
proteinaceous compounds, caproic acid, 3‐phenyllactic acid, and dia‐
cetyl	hydrogen	peroxide	also	contribute	in	this	activity.	Antibacterial	

and antifungal activities might change greatly among the strains of 
LAB but rate of control of various fungal species is mostly depends 
on LAB strains (Magnusson et al., 2003).

There are number of antifungal chemicals which are used in 
bread industry such as propionates which affect the cost of the 
product and ultimately affects the industry and a lot of revenue is 
invested on these chemicals which are not only unacceptable by 
consumers	 but	 also	 quite	 expensive.	 Secondly,	 bread	 is	 spoiled	 in	
large quantity as it has shorter shelf life and staling which negatively 
effects the baking industries, especially in developed countries. 
Sourdough bread has longer shelf life as compared to sweet bread 
which ultimately boosts up economy of baking industries by avoiding 
investment on chemical preservatives and anti‐staling agents.

5  | NUTRITIONAL BENEFITS OF 
SOURDOUGH

Sourdough‐based products are healthier than the ones made with 
normal dough. The presence of phytic acid in the barn part of wheat 
is the major cause for digestive discomfort and bloating (Nsogning 
Dongmo,	Kollmannsberger,	Fischer,	&	Becker,	2018).	 In	sourdough	
products, the wild yeast and lactobacillus in the leaven neutralize 
the phytic acid, thus, making the sourdough‐based products easier 
to digest (Hayta & Hendek Ertop, 2017). Various studies have shown 
that sourdough fermentation is much more efficient than yeast fer‐
mentation in reducing the phytate content in whole‐wheat bread 
(−62%	and	−38%,	respectively).	The	long	and	slow	fermentation	that	
produces sourdough bread, and important nutrients, such as iron, 
zinc,	and	magnesium,	antioxidants,	folic	acid,	and	other	B	vitamins,	
are the factors that make these breads easier for the human bodies 
to absorb (Montemurro, Pontonio, Gobbetti, & Rizzello, in press).

Sourdough fermentation does not only result in product with 
fascinating organoleptic properties, but also has nutraceutical func‐
tionalities. Such as it is an ultimate solution for celiac patients. It also 
plays a major role in phytic acid degradation which is notorious for its 
antinutritional properties. It also ameliorates intermittent claudica‐
tion; persons of older age suffer from this disorder in which cramps 
in calf muscles occasionally occur. This is dominating in developing 
countries due to lack of balanced and sufficient diet (Collar, 2016). 
Many potential probiotic strains have been isolated from sourdough 
various regions of the world (Campaniello, Speranza, Petruzzi, 
Bevilacqua, & Corbo, 2018; Sakandar et al., 2018).

5.1 | Irritable bowel syndrome amelioration 
by sourdough

Fermentable oligosaccharides, disaccharides, monosaccharides, and 
polyols	 (FODMAPs)	 are	 heterogeneous	 group	 of	 compounds	 that	
can be poorly digested and may have a range of effects on gastro‐
intestinal	processes	(Betts	&	Gonzalez,	2016).	FODMAPs	are	found	
in	a	wide	variety	of	foods,	including	bread.	FODMAPs’	intake	is	as‐
sociated with the onset of symptoms of irritable bowel syndrome. In 
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contrast,	some	FODMAPs	contribute	to	the	healthy	maintenance	of	
intestinal	microbiota	 (de	Toro‐Martin,	Arsenault,	Despres,	&	Vohl,	
2017). Volume increase of bread dough commonly relies on the use 
of two biological leavening agents, sourdough and baker’s yeast and, 
in some cases, a combination of both. Given that yeasts and LAB, the 
dominant	microorganisms	 in	 sourdough,	 may	 degrade	 FODMAPs,	
it	would	 be	 possible	 to	modulate	 the	 FODMAPs	 concentration	 in	
bread, thus positively ameliorate irritable bowel syndrome and im‐
prove consumers’ health (Menezes et al., 2018).

5.2 | Salt reduction

The elevated consumption of dietary sodium (ca. 10 g/day) is the 
leading	cause	of	CVD	and	hypertension,	with	a	link	to	risks	of	stroke,	
stomach cancer, kidney disease, and bone demineralization. High 
blood pressure is one of the major manageable factors used to moni‐
tor	CVD	(de	Wardener	&	MacGregor,	2002).	Therefore,	controlling	
blood pressure through the reduction of sodium intake became a 
non‐deferrable issue. The sourdough fermentation has beneficial 
effects either masking the decreased salt content or enriching bak‐
ery products with functional antihypertensive compounds. Because 
of the synthesis of flavoring FAA and amino acid derivatives during 
fermentation, the sourdough has compensative effects on salt re‐
duction, which also depends on the species and strain of LAB. The 
addition of rye malt sourdough, fermented with glutamate‐accu‐
mulating Lactobacillus reuteri strains, enabled a lowering of the salt 
content in bread from 1.5% to 1%, without affecting taste and other 
quality	parameters	(Zhao,	Kinner,	Wismer,	&	Gänzle,	2015).

5.3 | Role of sourdough in mitigation of anti‐
nutritional components

There are number of ANF in food, among them phytic acid is the most 
well‐known compound which is present in the cereals (discussed in 
later section). Leguminosae are the second most popular food crop 
worldwide. A growing interest to include legumes in the diet and to 
prepare legume‐based novel foods has emerged (Mandala & Rosell, 
2016). The presence of ANF in several legume species is one of the 
major	 limiting	 factor	 for	 their	dietary	exploitation	 (Gobbetti	et	al.,	
2018). Some of these ANF are heat‐labile (e.g., protease inhibitors 
and lectins) and thus thermal treatments would remove the nega‐
tive effect during consumption. On the contrary, others (e.g., phytic 
acid, raffinose, tannins, saponins) are heat stable. This is the case 
of fava bean, which contains vicine and convicine, trypsin inhibitor 
activity, condensed tannins, and phytic acid. In particular, divicine 
and isouramil, active aglycone derivatives of vicine and convicine, 
are	toxic	to	human	carriers	of	a	genetic	deficiency	of	the	erythro‐
cyte‐located glucose‐6‐phosphate dehydrogenase, causing the 
hemolytic anemia disease known as fauvism (Crépon et al., 2010). 
De‐hulling,	 soaking,	 germination,	 and	 heat	 or	 enzyme	 treatments	
have been used to reduce or eliminate ANF, but fermentation gave 
the most promising perspectives. Sourdough fermentation of fava 
bean decreased the content of vicine and convicine by >91% and 

significantly reduced trypsin inhibitor activity and condensed tan‐
nins (Coda, Varis, Verni, Rizzello, & Katina, 2017). The degradation of 
the	pyrimidine	glycosides	was	complete	after	48	hr	of	fermentation	
and the aglycone derivatives were not detectable. Therefore, sour‐
dough fermentation could be the indispensable factor to degrade 
ANF in legumes. Sourdough fermentation has also a significant role 
in acrylamide reduction in composite flours fermentation (Bartkiene 
et al., 2017).

6  | PHYTIC ACID FRIEND OR FOE:   
A PARADOX

The storage form of phosphorous is known as phytic acid. Grains 
and	seeds	for	example	nuts,	legumes,	and	beans	contain	phytic	acid.	
However, because of its capability to bind with the minerals, proba‐
bly calcium, manganese, potassium, iron, zinc, magnesium, selenium, 
and copper in the digestive tract, and thus it makes them insoluble 
and hence unavailable for absorption, it is, therefore, believed to be 
an anti‐nutrient (Gibson, Bailey, Gibbs, & Ferguson, 2010; Gómez 
& Oliete, 2016). Phytic acid is omnipresent compound in cereals in 
various concentrations. It is mostly present in bran portion of cere‐
als almost 1%–5% of cereals dry mass consist of phytic acid. Sesame 
seeds have very high concentration of phytates, wheat flour with 
bran has also significant amount of phytates as compared to the ab‐
sence of bran. If it is in salt form, it is called phytate of that salt. 
Review of literature suggests that almost 60%–90% phosphorus in 
cereals is present in phytates form. It is also storage house of phos‐
phorus and potential energy.

Dry	 cereals	 can	 remain	 potentially	 viable	 for	 many	 hundred	
years. Lot of research has been conducted to unearth the secret. 
According to the research, many beneficial compounds present in 
cereals	bestow	this	long	life	to	cereals	by	hindering	oxidative	injury	
to seed. One of the major reasons of increased shelf life of cereals 
is dehydration. This factor decreases mobility of reactants and cata‐
lysts	in	dry	seeds.	Secondly,	alpha	tocopherol,	a	natural	antioxidant	
present in cereals play its role to enhance seeds longevity (Cavuoto 
& Fenech, 2012).

Some digestive enzymes’ inhibition has been revealed by phytate. 
The inhibited enzymes include pepsin, trypsin, ß‐glucosidase, and α‐
amylase. Certain gastrointestinal issues have also been considered 
to	be	caused	by	phytic	acid	when	 it	 is	used	 in	excess	 (Schlemmer,	
Frolich, Prieto, & Grases, 2009).

One of the deleterious feature of phytic acid is to bind with the 
essential minerals from the food in the digestive tract, prevents their 
absorption by the body and thus causes mineral deficiency.

Chemically	 it	 is	 called	 myo‐inositol	 hexaphosphate.	 It	 has	
six	 phosphorus	molecules	 attached	with	 six	 carbon	 atoms	 as	 il‐
lustrated in Figure 2. This makes it a very stable compound and 
hinders its degradation even at 100°C for 5 hr in 5 M HCl solu‐
tion. Phytase degrades it in acidic conditions and dephosphory‐
lates it by releasing inorganic phosphorus and myo‐inositol during 
germination.
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The phytic acid structure is unique in its properties, possesses 
an incredible chelation potential. High affinity for the polyvalent 
cations	 is	 indeed,	exhibited	by	phytic	acid.	The	 increasing	stability	
order for the polyvalent ions is: Ca+ < Fe + 3 < Mn + 2 < Co + 2 < Ni 
+	2	<	Zn	+	2	<	Cu	+	2.	A	strong	adsorption	to	the	complex	crystal‐
line	 structure	of	 calcium	phosphate	also	known	as	hydroxyapatite	
(Cas[POa]3OH) is also observed due to its high affinity toward cal‐
cium.	This	complex	constitutes	the	structure	of	vertebrate	tooth	and	
bone. Owing to its complicated electrostatic interactions, dissocia‐
tion constants are not acknowledged so far. For instance, one mol‐
ecule	of	phytate	have	the	capability	for	six	divalent	cations	to	bind	
with	them.	Furthermore,	depending	on	the	state	of	redox	reaction,	
at least 2 phytate molecules could perhaps associate with the metal 
ions.	Concomitant	existence	and	difference	in	Ka	values	is	observed	
for	 all	 these	 complexes.	 In	 addition,	 the	 chelates	 of	metals	which	
possess increased metal‐phytate proportion, are insoluble and 
therefore, can easily be precipitated. At pH 7.2, and 20 ºC tempera‐
ture, the estimated value of Ka for the phytate molecules bridged 
with	the	first	two	calcium	ions	is	found	to	be	44	x	106 M, whereas 
at	8.4	pH,	the	observed	value	was	<1	×	10r M. Metal phytates, since 
the ancient times are known for their insolubility at a broad range of 
pH, and this is the reason for our prominent concerns about dietary 
phytate. Phytase activity has also been revealed in some of the in‐
testinal mucosa and the bacteria inhabiting the gastro intestinal tract 
(GIT) as well. The ingested phytate, while passing through the GIT, 
most of its portion remain un‐degraded and hence, the bioavailabil‐
ity of minerals is assumed to be interfered due to this un‐digested 
phytate. Consequently, it turned out to be the subject of discussion 
of various research papers, review papers, and many symposia since 
the past 30 years. However, this topic is highly debatable as numer‐
ous studies on the cations have not shown any improvement in their 
uptake.	The	experimental	factors	explained	beforehand	determined	
the phytic acid effect on bioavailability of minerals. Among those 
factors, the major one to be considered is the metal‐phytate ratio. 
Even though majority of the cation‐phytate solutions are insoluble, 
some	complexes	at	any	pH,	are	very	soluble	as	they	contain	single	
(or probably 2) cations per phytate molecule. In order to achieve this 
ratio,	we	require	to	add	phytic	acid	in	excess.	The	solubility	of	phy‐
tate	with	single	cation	could,	therefore,	be	the	reason	of	explanation	
for the debates regarding these nutritional studies.

6.1 | Protein interaction

Degradation	 of	 phytates;	 anti‐nutritional	 agents	 are	 degraded	 by	
lower pH which is resulted due to the chemical or microbial acidi‐
fication of wheat flours thus enhances the mineral availability. 
Nutritional properties of flour‐fermented sourdough breads are 
bucked	up	by	Exopolysaccharides	which	are	produced	by	L. sanfran‐
ciscensis and	other	LABs	(Kariluoto	et	al.,	2004).

Phytic acid despite being a bit demonized regarding its capabil‐
ity for reducing mineral absorption, phytic acid do have some po‐
tentially valuable properties such as it helps in the prevention of 
diabetes byadsorbing starch and sugars from food, assists in the 

modulation of blood sugar level. Cholesterol formation and fat di‐
gestion are also shown to be affected by the activity of phytic acid 
and	 therefore,	 the	 risk	 of	 CVDs	 could	 also	 be	 prevented.	 Kidney	
stone formation is not a rare condition and various salts of phytates 
binds to calcium and, therefore, reduces the possibility of kidney 
stones formation (Grases et al., 2007). Inositol phosphate also attach 
to	 lead	and	other	toxic	minerals	and	escort	them	safely	out	of	the	
human body and reduces its negative impacts on health (Gibson et 
al.,	2010).	Salts	of	phytic	acid	has	the	ability	to	elevate	anti‐oxidant	
potentials and block the free radicals thereby providing protection 
against the Liver injuries related to alcohol usage (Lee, Kang, Yun, & 
Kwak, 2012). The reduction in inflammatory effect of IL‐6 and IL‐8 
cytokines	was	also	revealed	specifically	in	colon	cells	(Wawszczyk,	
Kapral,	Hollek,	&	Weglarz,	2011;	Wawszczyk,	Orchel,	Kapral,	Hollek,	
&	Weglarz,	2011).

Cancer is one of the hot issues in health sciences and lot of re‐
search is being done on its prevention and remedies. Various types 
of cancers are reported and various types of medicines are also rec‐
ommended for cancer patients (Bajerska & Mildner‐Szkudlarz, 2015).

Several studies have been proposed to demonstrate the poten‐
tial progressive effects of phytic acid to combat with the tumor cells. 
It has been established that phytic acid could be protective against 
the cancers of bone, skin, liver, leukemia, and sarcoma through the 
telomerase	and	matrix	metalloproteinase	expressions	and	suppres‐
sion mechanisms (Norhaizan, Ng, Norashareena, & Abdah, 2011; 
Vucenik	&	Shamsuddin,	2006;	Wang,	Cheng,	Zhao,	&	Cui,	2012).

Mechanism of action of IP6 and biological and physiological ac‐
tivities of IP6 are utilized for cancer prevention and treatment. IP6 
satisfies all the mechanistic categories of cancer prevention action. 
After rapid intake and dephosphorylating, IP6 enters the pool of 
inositol	phosphate	and	acts	as	strong	antioxidant,	enhances	immune	
function, elicits anti‐inflammatory activity, modifies phase I and 
phase	 II	 metabolizing	 enzymes,	 modulates	 oncogene	 expression,	
normalizes abnormal cell proliferation, induces cell differentiation, 
induces apoptosis and inhibition angiogenesis. In addition, IP6 pre‐
vents tumor metastasis formation as depicted in Figure 3.

It also plays a role in autophagy induction. Autophagy is defined 
as a recycling and degradation process for junk proteins. Phytic 
acid, according to recent studies, found to possess certain positive 
response against the cellular stress and it regulates the function of 
neurons	as	well.	Destruction	and	elimination	of	pathogens	is	proved	
to be encouraged by the activity of phytic acid (Anekonda et al., 
2011).

Phytic acid is found to be quite effective against the apoptosis 
of	dopaminergic	neurons	induced	by	6‐hydroxydopamine	which	are	
the cause of Parkinson’s disease. Some neurodegenerative disorders 
for	example,	Alzheimer’s	disease	could	also	be	safeguarded	due	to	
the autophagy induction of phytic acid (Anekonda et al., 2011; Xu, 
Kanthasamy, & Reddy, 2011).

Studies suggests that phytates have been responsible for increas‐
ing	 good	 cholesterol	 (HDL)	 and	 reduces	 the	 level	 of	 triglycerides.	
Certain findings have established that phytic acid can move into the 
cells	and	hence,	assisting	 in	the	repairing	of	strand	breaks	 in	DNA	
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structure and this mechanism proves to be a potential cause of can‐
cer	prevention	(Hanakahi,	Bartlet‐Jones,	Chappell,	Pappin,	&	West,	
2000).

According to the recent studies, another role of phytic acid has 
been revealed that is, the inhibition of HIV‐1 replication in cell lines. 
However, phytic acid is only responsible combat against HIV during 
early stages of replication.

All	 this	discussion	and	 features	of	 inositol	hexaphosphate	 (IP6) 
makes it hard to denote it as a friend or foe. It has more benefits 
than negative impacts, but notorious impacts are more common as 
compared to its astonishing rare positive health impacts.

7  | SOURDOUGH FERMENTATION—A 
PANACEA FOR CELIAC

Over	many	decades,	celiac	disease	 is	debated,	and	 it	 is	exacerbat‐
ing over time with increasing number of sufferers. Now the world is 
inclining toward such food products which will not only fulfill satiety 
but also panacea for serious disorders. Patients and consumers are 
fed up with bitter medicines to cure disease which sometimes have 
negative	affect	on	health	 (Arendt,	Ryan,	&	Dal	Bello,	2007).	Many	
techniques have been utilized to deal with gluten intolerance, among 
them sourdough is ultimately multifaceted procedure for celiac 
patients	 (Moore,	2014).	Celiac	sprue	 is	a	disorder	 in	which	geneti‐
cally susceptible persons are sensitive to gluten proteins, present 
in various renowned cereals that is, wheat, barley, and rye which 

ultimately results into inflammation of villi in small intestine (Amrani, 
Messaoudi, Seddiki, & Tazi, 2015). Gluten intolerance is autoim‐
mune disorder; immune system itself produces antibodies against 
human gastrointestinal tissues which causes inflammation of small 
intestinal villi tissues and causes various symptoms that is, chronic 
diarrhea, abdominal pain, malabsorption of essential micronutrients 
(Battista et al., 2012). This disease ultimately disturbs other organs 
as well as causes gastrointestinal cancer and decreases absorption 
of iron and results iron deficiency anemia. It was known in ancient 
times but (Arendt et al., 2007) rediscovered by Samuel Gee in 1888 
(Guandalini et al., 2015).

The only solution for celiac patients is lifelong use of gluten‐free 
food products. It can be sprout at any age due to over threshold con‐
sumption	gluten,	although	it	is	a	genetic	disease	(Reguła	&	Kędzior,	
2015). Some people have silent celiac sprue; it has no apparent signs 
of gluten intolerance but antibodies related to it are present in those 
patients which are not as such active to initiate gluten intolerance. 
Almost 2%–3% of world population is affected by celiac sprue and 
this value is slightly high in underdeveloped countries due to high 
consumption of cereals as these are only cheap source of proteins, 
carbohydrates, and vitamins (Lebwohl, Rubio‐Tapia, Assiri, Newland, 
& Guandalini, 2012).

Since	 many	 decades,	 extensive	 studies	 are	 done	 pertinent	 to	
celiac disease as result of advanced diagnostic techniques such 
as markers and it is getting more attention inasmuch it is revealed 
that	CD	 is	 increasing	over	 last	many	years.	 It	 is	observed	 in	many	
masses over the world and its prevalence varies according to patch 

F I G U R E  3   Phytic acid interaction 
with other biological malfunctions [(+), 
increase;	(−),	decrease]
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of	globe	(Lionetti	&	Catassi,	2014).	According	to	some	reports,	it	is	
revealed that its occurrence is doubling after every 20 years and it is 
reported that almost 10%–15% patient with Cd are diagnosed. Novel 
approaches	have	been	adopted	to	diagnose	CD	by	serological	mark‐
ers, serum tissue transglutaminase IgA levels denotes the positive 
results of aforesaid disease (Reilly, Lebwohl, Hultcrantz, Green, & 
Ludvigsson, 2015).

Multiplefactors are involved in celiac disease such environmental 
and genetics. Among environmental factors amount and timing of 
gluten	exposure,	microbiota,	feeding	style,	and	infections	are	mostly	
involved.	Two	important	human	leucocytes	antigens	(HLA)	DQ2	and	
DQ8,	respectively,	are	predisposing	genetic	factors	 (Lionetti	et	al.,	
2012).

Close blood relatives are more susceptible for celiac disease, 
almost 20% more chances, patients with homologous alleles have 
15% chances, while 85% chances in heterologous allelic patients 
was observed. Best categorized susceptible genetic factors are HLA 
DQ2	and	HLA	DQ8	as	 shown	 in	Figure	4.	 These	 are	 the	 key	 role	
molecules in celiac patients. These have positively charged pockets 
which readily interact with negatively charged moieties which are 
formed by tissue transglutaminase deamination of proline and gluta‐
mine present in gluten protein. Then these molecules are presented 
to	CD4+	T	cells	and	 triggers	villi	 inflammation	 (Briani,	Samaroo,	&	
Alaedini, 2008). Prolamins which pose problems in celiac patients 
are degraded by whole cereal‐fermented LAB which ultimately have 
positive	impact	on	them	(Di	Cagno	et	al.,	2003).

8  | FUTURE GAPS

Some of the starter strains used could not persist over the propaga‐
tion steps and they were not detected among the dominant pool of 
microorganisms	in	the	stable	sourdoughs.	Unfortunately,	due	to	the	
high number of different substrates used, the researchers could not 
identify the reasons of such variability.

When	gluten	is	degraded	in	sourdough	fermentation,	 it	effects	
the quality such consortia must be selected which only degrades 
the specific allergy causing fragments of gluten to sustain the bread 

quality. How the tTG, which normally is intracellular and in its inac‐
tive form, is activated and able to cause the deamidation reaction of 
the gluten peptides, is still unknown.

Currently, there is interest in the role of the gut microbiome as 
an additional trigger factor contributing to the onset of disease. 
Perhaps more importance is needed to better understand the in‐
terplay between the innate and adaptive immune system responses 
and	how	this	leads	to	the	villous	atrophy	that	is	characteristic	of	CD.	
Other autoimmune disorders could be unraveled by fully revealing 
celiac disease.

9  | CONCLUSION

Cereals have major portion in diet of human, but among them wheat 
has pivotal position. It is consumed in every part of the world and is 
staple food of many countries because it has high concentrations of 
minerals and vitamins. About 70–80% of wheat is consumed in the 
form of bread. There are various types of bread which are consumed 
in different parts of the world in plenty of forms. Among them, sour‐
dough bread is contemporary bread, which was being made before 
Christ and is still consumed.

Sourdough bread is made by fermentation process by the inocu‐
lation	of	various	types	of	microbiota	that	is,	LAB	and	fungus.	Which	
imparts nutraceutical and organoleptic properties to bread and at‐
tracts the consumers. It is the ultimate solution for celiac patients 
who entirely dependon gluten free cereal product. Various types of 
cereals are also used for fermentation process in different parts of 
the world. Iron deficiency anemia, is a major malnutrition problem 
in third world and developing countries. Various factors pose this 
menacing problem, among them high level of phytic acid containing 
foods also cause iron deficiency by making this essential mineral un‐
available in small intestine. Fermentation of wheat has solution to 
this acerbating situation which degrades antinutritional factor and 
improves the minerals bioavailability.

Antifungal and antibacterial properties of sourdough bread makes 
it beneficial for the industry. Sourdough also has industrial benefits 
as well, such as high shelf life owing to antifungal and antibacterial 

F I G U R E  4   Schematic diagram 
of celiac disease triggering in celiac 
patients
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properties. Sourdough is a potential tool to improve bread quality 
without the use of additives. This process also improves the revenue 
of baking industries by lowering investment on chemicals such as 
anti‐staling, anti‐fungal, and various preservatives.
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