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ARTICLE INFO   ABSTRACT 

Review Article This study provided the opportunity to create a coherent general perspective towards 

research trends and basic studies in the literature, especially about “bread” and 

“sourdough”. The objective of this study is to analyze the evolution of trends in 

research topics in different countries and across the years (from 1989 to March 

2021) in the literature on bread and sourdough using a term map analysis. In this 

regard, the present study was designed to reveal the hot topics. A total of 338 

scientific papers were retrieved from the Web of Science (WOS) between 1989 and 

March 2021. VOSviewer software program was used to visualize these articles. 275 

of these 338 articles consist of documents written in the field of “Food Science 

Technology”. The author of the most articles was Gobbetti M. It was found out that 

the most contributing publication to the field was the article entitled “Impact of 

sourdough on the texture of bread”. Italy stands out in studies compared to other 

countries, with the most published author is Italian. It was observed that studies on 

bread and yeast increased over the years with the advancement of technology and 

that different studies were carried out on bread and sourdough. 

Article History:  

Received: 27 May 2022  

Accepted: 30 June 2022  

Available Online: 30 June 2022 

Keywords: 

Bibliometrics 

Bread 

Sourdough 

Terms mappin 

 

 

 
 

1. Introduction 

Bread, which provides the majority of daily calories, has 

an important place in food consumption as it is an essential 

nutrient and a good source of energy (Menteş et al., 2004). 

Bread is a basic food item obtained by mixing and kneading 

wheat flour, salt, water and yeast in certain proportions, 

shaping it according to its technique and cooking the dough 

after a certain fermentation period (Elgün & Ertugay, 2002). 

Sourdough is a product that has been used for 5000 years and 

is obtained by fermenting a mixture of wheat flour and water 

with lactic acid bacteria (LAB) and yeasts (Vogel et al., 2011). 

Traditional breads are still produced using sourdough today. 

The use of sourdough as a form of leavening is one of the 

oldest biotechnological processes in foods (Röcken & Voysey, 

1995). Its main function is to ferment the piece of dough to 

obtain a more gaseous dough. In recent years, the demand for 

traditional sourdough bread, which is healthier, tastier, and 

more natural, has increased (Brummer & Lorenz, 1991).  

Current research also emphasizes how the perception of 

bread consumption is changing. Many studies have also 

focused on the possibility of adding functional ingredients to 

improve and increase the original nutritional value of bread 

(Althwab et al., 2021; Weng et al., 2021; Sridhar et al., 2021). 

According to Althwap et al. (2021), effects of incorporation of 

Locusta migratoria (LM) powder at different levels (0, 1, 2, 3, 

4 and 5%) on nutritional, qualitative and sensory properties of 

baked breads were investigated. It is concluded that the 

addition of LM powder improves the nutritional and sensorial 

properties of the produced bread when the wheat flour is 

substituted with 1–4% of LM powder. Yeast and sourdough, 

which are the indispensable parts of bread making, are 

important criteria for bread quality (Röcken & Voysey, 1995).   

Thanks to bibliometric analysis, it has been used as a 

quantitative approach to systematically classify published 

articles in many aspects such as journal title, article themes, 

publication year, author names, institutions and countries, 

author citations, type of collaboration, and type of article. 

Bibliometric analysis is used in the evaluation of academic 

studies in scientific disciplines through its above-mentioned 

features (Okumus et al., 2018; Rey-Marti et al., 2016). 

Vosviewer program has been widely employed for a quite 

number of field studies such as Food Science & Technology 

(Paunkov et al., 2019, Kamdem et al., 2019), Agriculture, 

(Kulak et al., 2019), Zoology (Freire & Nicol, 2019), 
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Environmental Sciences & Ecology (Liao et al., 2018).  At the 

same time, when examined in general, it was mostly used in 

the subjects of Business Economics, Environmental Sciences 

Ecology, Computer Science, Information Science Library 

Science. 

Based on previous bibliometric analyses (Kim & 

McMillan, 2008), these two objectives will be concretized in 

three research questions (RQ).  

RQ1. Which authors have obtained the highest visibility and 

impact in the field of bread and sourdough? That is, who are 

the most cited authors? 

RQ2. Which journals have obtained the highest visibility and 

impact in the field of bread and sourdough? That is, which are 

the most cited journals?  

RQ3. For bread and sourdough studies, how long way we 

have come and how much further? 

The answers to these questions are important for guiding 

research or for designing more comprehensive new studies. 

The present article provides a map showing the spread of 

scientific knowledge about bread and sourdough throughout 

the world. Despite productive quantitative research on the 

effect of sourdough on bread, none of these have attempted to 

visualize progress and provide a keyword analysis of the 

"bread" and "sourdough" interaction knowledge domain. The 

objective of this study is to analyse the trends in the literature 

on bread and sourdough and to reveal the evolution of 

research topics over the years and in different countries 

through a term map analysis. The term mapping approach 

allows determining trends in scientific publications and the 

number of publications for journals, countries, research 

institutes; provides an overview of the main research areas, 

relationships and developments over time; and identifies the 

most cited terms. In summary, thanks to the term mapping 

approach, a compilation was made to answer the questions 

such as which subjects were studied together with the subject 

of bread and sourdough, which authors came to the fore in 

which studies, which countries worked extensively on bread 

and sourdough subjects. Therefore, the objective was to carry 

out a mixed review, adopting a bibliometric analysis together 

with a literature review, to present information from the 

research and observe future trends for sourdough and bread. 

 

2. Materials and methods 

2.1. Database search 

Since the Web of Science (WOS) is a database which 

includes “Science Citation Index (SCI)”, “Social Science 

Citation Index (SSCI)” and “Art and Humanities Citation 

Index (A & HCI)”, it provides the opportunity to reach 

publications worldwide (Deis & Goodman, 2005). Besides, 

“Conference Proceedings Citation Index- Science (CPCI-S)”, 

“Conference Proceedings Citation Index- Social Science & 

Humanities (CPCI-SSH)”, “Book Citation Index- Science 

(BKCI-S)”, “Book Citation Index- Social Sciences & 

Humanities (BKCI-SSH)” and “Emerging Sources Citation 

Index (ESCI)” include scientific citation indexes. 

In this study, when we determine the search criteria in the 

form of TITLE: (bread) AND TITLE: (sourdough) Timespan: 

All years. Indexes: SCI-EXPANDED, SSCI, A & HCI, CPCI-

S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI using the Web of 

Science (WOS) 338 articles emerge in 31 March 2021. The 

documents published during the period of 1989-2021 were 

included. After assessment literature in the title and abstract of 

all documents, duplicated articles, errata and undefined 

documents were excluded. The research is limited to 

publications written in English (Article, Proceedings Paper, 

Review, Meeting Abstract, Book Chapter, Book Review, 

Early Access, Editorial Material, Correction, News Item). 

VOSviewer software program was used to visualize these 

articles. With the help of VOSviewer software, the literature 

was illustrated in a mapped way. Unlike other web-based 

programs used for mapping, VOSviewer places special 

emphasis on graphic presentation. There are two aspects of 

bibliometric mapping, namely the construction of bibliometric 

maps and their graphical representation. The functionality of 

VOSviewer gains importance in terms of being useful in 

viewing and interpreting large bibliometric maps easily 

(Karagöz et al., 2020). 

2.2. Bibliometric mapping and clustering 

The concept of bibliometrics was put forward by “Alan 

Pritchard” in 1969 and means “the application of mathematics 

and statistical methods to shed light on the processes and 

course of these resources by counting and analyzing various 

aspects of written sources” (Lawani, 1981). In order to 

perform bibliometric analysis and visualize the results, 

VOSviewer (software version 1.6.16) software, which does 

not require any fee and is open to everyone, was used. 

VOSviewer is a scientific mapping program designed for the 

visual representation of bibliometric networks. The program, 

which was mainly designed to analyze bibliometric networks, 

focuses on the formal representation of networks (Van Eck & 

Waltman, 2009). The study aimed to reveal documents, 

sources, authors, institutions and countries, which stand out in 

publications including the words “bread” and “sourdough” in 

their titles, with “Co-authorship, Co-occurrence and Citation” 

techniques.  

Bibliographic records were made with quantitative 

explanation. At the point of research on bread and sourdough, 

the most collaborative authors and countries, the most used 

keywords, and the most cited documents, sources, authors and 

countries about bread and sourdough were determined as a 

result of bibliometric analysis. In addition, the maps of the 

publications were created using color intensities depending on 

the number of publications. The number of publications was 

counted through the consideration of all co-authors of an 

article. 

 

3. Results and Discussion 

3.1. Bread and sourdough publication trends 

This study aims to make bibliometric analysis of the 

results obtained from the data in the Web of Science (WOS), 

which is an international database, with tables and figures. 

The number of studies on "bread and sourdough" in the period 

between 1989 and in March 2021 in the Web of Science 

database is 338. The analysis of the studies by years is shown 

in Table 1.  

Hansen et al. (1989) article entitled “Flavor Of Sourdough 

Rye Bread Crumb” and the aroma compounds in rye 

breadcrumbs made from sourdoughs fermented with starter 

cultures (three heterofermentative and two homofermentative) 

were compared with those in rye breads chemically acidified 

with lactic acid and lactic/acetic acid. From 1989 to 1990, 

there were no regular studies on this issue every year, and the 

number of studies was limited to 1. Since 2003, there has been 

an increase in the number of studies on “bread and 
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sourdough”. The year with the most studies is 2020 with 50 

studies.  

Table 1. Distribution of studies conducted on “bread and 

sourdough” in the Web of Science (WOS) database by years. 

Years Number 

of 

Studies 

Years Number 

of 

Studies 

Years Number 

of 

Studies 

1982 1 2000 2 2012 18 

1984 1 2001 1 2013 11 

1988 1 2002 3 2014 18 

1989 1 2003 3 2015 20 

1990 1 2004 2 2016 26 

1991 1 2005 7 2017 27 

1994 2 2006 7 2018 23 

1995 1 2007 9 2019 37 

1996 2 2008 12 2020 50 

1997 1 2009 9 2021 5 

1998 1 2010 15 - - 

1999 1 2011 19 - - 

 

With the development of technology, more detailed studies 

have begun to show differences in fields related to bread and 

sourdough. Especially when studies conducted between 2020 

and 2021 are examined, issues such as shelf life, aromatic 

profiles and sensory properties, nutritional value and health 

benefits (Hajinia et al., 2020; Plessas, 2021), carbohydrates 

(Stern et al., 2021), Lactic acid bacteria, fructans, irritable 

bowel syndrome, texture profile, FODMAPs (Hajinia et al., 

2020; Fraberger et al.,2020; Menezes et al., 2021; 

Jagelaviciute & Cizeikiene, 2021), fermentation (Hajinia et 

al., 2020; Luca et al., 2021; Galoburda et al., 2020), gluten 

free bread (Jagelaviciute & Cizeikiene, 2021), innovative food 

and antioxidant activity (Hajinia et al., 2020; Nissen et al., 

2020), bread crumbs and crust (Galoburda et al., 2020) were 

examined in studies on bread and sourdough. This situation 

shows that there has been more interest in the subject of 

“bread and sourdough”. Also, this rising trend is an indication 

of the fact that the research interest is in the use of sourdough 

as a bioactive compound to produce functional food and that 

transformation technologies are developed and consequently 

allow better use of by-products. 

When the studies on the WOS are listed, articles are in the 

first place (N=302), whereas proceedings papers are in the 

second place (N=20). Then, reviews ranked 3
rd 

(N=9), early 

access papers (N=4) ranked 4
th

, and book chapters ranked 5
th 

(N=3), respectively. In addition, out of the 338 published 

studies, 7.4% were in LWT Food Science and Technology with 

N = 25; 6.5% were in Food Chemistry with N = 21; 5.6% 

were in European Food Research and Technology with N = 

19; and 5.6% were in International Journal of Food 

Microbiology with N = 19. The publisher that publishes the 

most according to the given rates is LWT - Food Science and 

Technology magazine. LWT - Food Science and Technology 

is an international journal that publishes innovative articles in 

the fields of food chemistry, biochemistry, microbiology, 

technology and nutrition. The studies described are innovative 

either in approach or in methods used. With many studies 

being done in this journal, it also enables international 

information access. Thanks to the above-mentioned features, it 

has enabled many authors to choose this journal and it 

pioneers other journals on bread and sourdough. 

When the studies on bread and sourdough were examined 

in the WOS database, a total of 1020 authors were found. The 

first 8 authors who conducted the most research on this 

subject are shown in Table 2. At this point, “Gobetti M.” is the 

first author to have conducted the most research on bread and 

sourdough. This author is followed by “Arendt E.K.” and 

“Rizzello C.G.” with 20 studies. Then, “De Angelis M.” and 

“Gänzle M.G.”, who conducted 12 studies, comes next.  

Table 2. Distribution of studies on bread and sourdough by 

authors 

Author(a) Number of Publications 

Gobbetti M. 28 

Arendt E.K. 20 

Rizzello C.G. 20 

De Angelis M. 12 

Gänzle M.G. 12 

Di Cagno R. 11 

Plessas S. 11 

Zannini E. 11 

 

In the program (VOSviewer), when the minimum number 

of documents and the minimum citations of the author are 

selected as 1, 997 of 1135 authors in total meet the threshold 

value. Information on the collaborating authors is visualized in 

Figure 1, and the authors collaborating on research on bread 

and sourdough are seen in 17 clusters. The color of each 

cluster is shown in different colors. The blue color represented 

by the largest ring indicates the most collaborative authors. 

The most collaborative writers are “Marco Gobetti, Rosanna 

Coda, Jutta Varis and Carlo Giuseppe Rizzello”.  

The main function of citations is to establish a link 

between the cited person and the cited document. The main 

role of citations is to introduce previous research. In addition, 

other sources are cited for reasons such as evaluating relevant 

studies, showing evidence, defining the method, showing that 

they are aware of the relevant publications, and providing 

broader reading (Al & Tonta, 2004). Table 3 shows the 

distribution of the authors who conducted research on bread 

and sourdough according to their most cited characteristics, 

publication names, which source they published, years of 

publication, and number of citations. The most cited work in 

this study is the article entitled in 2007 “Impact of Sourdough 

on the Texture of Bread” which was written by “Arendt, Elke 

K.; Ryan, Liam AM; Dal Bello, Fablo” and published in Food 

Microbiology. The main reason why this study is at the 

forefront is that it is thought to have a wide range about the 

subject of bread and sourdough. Many subjects such as 

important sourdough technologies, the effect of using 

sourdough in bread on nutrition, the importance and roles of 

lactic acid bacteria in sourdough and bread, the ecology of 

sourdough, and the variety of cereals on sourdough have been 

mentioned. It has shed light on many studies due to the 

mention of the above-mentioned issues. Moreover, the studies 

presented in this review show that the addition of sourdough 

has positive effects on bread technology. Recently, sourdough 

has been successfully applied to improve the quality of gluten-

free bread. Also, the proteolytic activities of LAB show great 

potential in reducing gluten contamination in gluten-free 

recipes. In conclusion, the studies presented in this review 

show that the addition of sourdough has positive effects on the 

technological, nutritional and functional properties of bread 

(Papadimitriou et al., 2019). 

Information on the most cited documents in the studies on 

bread and sourdough are visualized in Figure 2, and the cited 

documents are seen in 18 clusters. At this point, the most cited 

document belongs to “Arendt, Elke K.” (2007) with 321 

citations in blue. Also in 2019, it received the most citations 

(N = 13.54%) with 44 citations, and more than 50% of the 

citations received in the last 5 years were received in the same
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Figure 1. Most collaborating authors in academic studies on bread and sourdough. Different colors represent authors belonging to 

different clusters. 

Table 3. Distribution of authors working on bread and sourdough by citations. 

Publication Name Author(s) Source Publication 

Year 

Citation 

Numbers 

“Impact of sourdough on the texture of bread” Arendt, Elke 

K.; Ryan, Liam A. 

M.; Dal Bello, 

Fablo 

Food Microbiology    

Volume:   24   Issue: 2   

 Special Issue:   SI   

Pages:   165-174 

2007 321 

“Contribution of sourdough lactobacilli, yeast, 

and cereal enzymes to the generation of amino 

acids in dough relevant for bread flavor” 

 

Thiele, C; Ganzle, 

MG; Vogel, RF 

 

Cereal Chemistry    

Volume:79    

Issue:1   

 Pages:   45-51 

2002 211 

“Sourdough bread made from wheat and nontoxic 

flours and started with selected lactobacilli is 

tolerated in celiac sprue patients” 

Di Cagno, R; De 

Angelis, 

M; Auricchio, S; et 

al. 

Applied and 

Environmental 

Microbiology 

   Volume:70   Issue: 2 

Pages:   1088-1096 

2004 192 

“Proteolysis in sourdough fermentations : 

mechanisms and potential for improved bread 

quality ” 

 

Gänzle , Michael 

G.; Loponen, 

Jussi; Gobbetti, 

Marco 

Trends in Food science 

& Technology   

Volume: 19   Issue:10   

Pages:   513-521     

2008 168 

“Sourdough Fermentation Or Addition Of 

Organic-Acids Or Corresponding Salts To Bread 

Improves Nutritional Properties Of Starch In 

Healthy Humans ” 

Liljeberg, 

Hgm;Lonner 

CH; Bjorck, Ime 

 

Journal of Nutrition  

Volume:   125 

Issue: 6 

Pages:   1503-1511 

1995 151 
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Figure 2 Network map of the most cited documents on bread and sourdough. Different colors represent cited documents 

belonging to different clusters. 

 year. The second most cited author is Thiele et al., (2002) 

“Contribution of sourdough lactobacilli, yeast, and cereal 

enzymes to the generation of amino acids in dough relevant 

for bread flavor” in the light blue cluster with 211 citations.  

Thiele et al., (2002) determined the effect of acidification, 

addition of DTT, and sourdough fermentation on amino acid 

levels in dough. The results showed that the amino acid levels 

in wheat doughs depended mainly on the pH level of the 

dough, the fermentation time, and the consumption of amino 

acids by the fermentative microflora. It was demonstrated that 

increased levels of amino acids in doughs improved bread 

flavor. Furthermore, microbial formation of ornithine 

specifically enhanced the roasty note of bread crust odor 

(Thiele
 
et al., 2002). 

Figure 4 shows the top 5 field where bread and sourdough 

topics are studied the most. Especially in the field of Food 

Science Technology, the most contribution was provided and 

studies in this field constitute 81.36% of all fields. The main 

reason for this is that bread and sourdough, which have been 

the main food sources from the past to the present, are one of 

the indispensable fields of food technology. 

In the program (VOSviewer), when the minimum number 

of documents and the minimum number of citations are 

selected as 1, 48 of 51 countries in total meet the threshold 

value. In the studies on bread and sourdough, the information 

on the countries cooperating the most is visualized in Figure 3, 

and these countries are seen in 10 clusters. The countries in 

each cluster also have connections with countries in different 

clusters. Turkey in the light blue cluster cooperates with the 

USA in the orange cluster. USA in the orange cluster 

cooperates with China in the green cluster. The reason for this 

is that American researchers and researchers in China have 

joint studies. For example, in 2009, American Rayas-Duarte 

Patricia worked with Chinese researchers on "Spontaneous 

sourdough processing of Chinese Northern-style steamed 

breads and their volatile compounds" (Kim et al., 2009). The 

country with the most cooperation is Italy which is in the red 

cluster. Although Italy has only one cluster, it has 14 

connections. Italy cooperates with many countries such as 

Finland, Brazil, Canada, China, Ireland and Hungary. In 

particular, of the 338 studies, 78 (23.07%) were conducted by 

Italy and 35 (10.35%) by China. This list is followed by 

Ireland (7.4%), Canada (6.2%), USA (6.2%) and Turkey 

(5.9%), respectively. 

 

Figure 4. Distribution of studies on bread and sourdough by 

fields. 

3.2. Word evolution of bread and sourdough research 

titles 

Keyword is a word or group of words that will briefly and 

concisely represent your writing in an article. Keywords are 

chosen based on the queries made by the users in the search 

engine. While the work done to search engines is indexed 

(saving to databases), it detects the keywords on your page 

and is included in the indexed keywords in the search results. 

Thus, when a person searches for a keyword in the article in 

search engines, the previously indexed article appears in the 

search results. Mapping based on text data in VOSviewer 

program was used to identify the most commonly used 

keywords in the studies on bread and sourdough. When the 

minimum use of the keyword in the program is selected as 

two, 164 of the 732 keywords in total meet the threshold 

value. According to Figure 5, the keywords are visualized in

0 50 100 150 200 250 300

Food Sciences Technology

Chemistry

Nutrition Dietetics

Microbiology

Biotechnology Applied …
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Figure 5. Visual representation of keywords based on co-occurrence. Different colors represent the terms belonging to different 

clusters.

18 clusters. Different colors are given for each cluster in the 

program. While the distance between the colored clusters 

indicates the closeness of the words to each other, the words 

also show that the terms in the center of the grid graph have a 

wider term range compared to those around the graph. For that 

reason, the VOSviewer clustering algorithm provides a basis 

for the classification of the literature (Ünlü & Alp, 2019). For 

example, 16 clusters with the word “sourdough” are shown in 

light orange, and there is cooperation with almost all words in 

the keyword network (144 occurrences). In the first years of 

the studies, topics such as bread quality and different 

sourdough controls (Hansen et al., 1989; Martínez-Anaya et 

al., 1990), effect of sourdough fermentation on bread (Olms, 

1988; Faid et al., 1994), and characterization of sourdough 

bread (Martínez-Anaya et al., 1990; Seibel & Brümmer, 1991; 

Faid et al., 1994) were investigated. Crowley et al. (2002) 

investigated the effect of various amounts of sourdough on the 

texture and grain properties of wheat bread and examined the 

effect of storage on these properties, and on the possible 

relationships between this texture and structural properties. It 

was revealed that the addition of sourdough to wheat bread 

had significant effects on the consistency and grain properties 

of the baked product (Crowley, 2002). Katina et al. (2002) 

aimed to determine the relationship between the antimicrobial 

properties of the starter cultures, and the pH and total titratable 

acid (TTA) values of sourdough and the amount of lactic acid 

and acetic acid formed in sourdough. They also investigated 

the relationship between rope spoilage and lactic acid. The 

results showed that efficient use of sourdough to prevent ropes 

from spoiling required a carefully controlled sourdough 

process in order to achieve the required level of acidity in 

wheat sour and bread (Katina et al., 2002). These studies show 

that many studies have been carried out on sourdough from 

the past to the present. The second most used word is “bread” 

which is shown in light green, 13 clusters and there are 64 

occurrences. When studies on bread, especially in recent 

years, are examined, it is seen that different issues are 

examined. The main ones are a) the effects of different 

microorganisms on bread (Hajinia et al., 2020; Cizeikiene et 

al., 2020; Bockwoldt et al., 2021), b) bread production with 

low glycemic index (Sridhar et al., 2021) and low FODMAP 

(Menezes et al., 2021), c) gluten-free bread production 

(Jagelaviciute & Cizeikiene, 2021; Maidana et al., 2020), d) 

use of different ingredients as flour and their effect on bread 

(Jagelaviciute & Cizeikiene, 2021), and e) functional bread 

production as the common point of these studies. Jagelaviciute 

& Cizeikiene (2021) examined the effect of unconventional 

sourdough made with quinoa, chia, and hemp flour on the 

quality and acceptability of dough and gluten-free corn / rice 

bread. Chia, hemp and quinoa showed successful fermentation 

with Lactobacillus sanfranciscensis, and the non-traditional 

type of flour used for fermentation (chia, hemp, and quinoa) 

had an effect on sourdough and bread properties. Sidari et al. 

(2020) studied sourdough biodiversity and new bread making 

technology for sourdough bread making. A scientific approach 

to traditional sourdough bread making, which aims to improve 

the properties of bread, was proposed. Sourdough made using 

a multi-channel starter was found to have a phenolic content 

and antioxidant activity similar to traditional sourdoughs made 

with durum wheat studied in this study. All of these studies 

are included within the bread and sourdough clusters. 

As explained above, many studies have been carried out on 

bread and sourdough from the past to the present, and studies 

on bread, which is an important source of food for people, will 

always continue to be important and continue with studies that 

shape the future. The third most used word is “lactic acid 

bacteria” which is light blue in color and there are 51 

occurrences. When the studies on lactic acid bacteria were 

examined, it was found out that typical sourdough prokaryotes 

were the members of the LAB genus Lactobacillus, which are 
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necessarily homofermentative, and that Lb.sanfranciscensis 

(Catzeddu et al., 2006), Lb. plantarum and Lb. brevis were the 

most commonly isolated LAB strains (Hajinia et al., 2020; 

Trüper & Clari, 1997). The other LAB strains, including 

Carnobacterium divergens (Lb. divergens, Lb. amylophilus, 

Lb. sake, Lb. acetotolerans, L. plantarum, Pediococcus 

pentosaceus and P. acidilactici, and Tetragenococcus 

halophilus (Pediococcus halophilus), were isolated from 

sourdoughs (Gül et al., 2005; Huys et al.,2013; Minervini et 

al., 2014).  

The fourth is “sourdough bread” which was used 17 times 

and is shown in brown, while the fifth most used word is 

“fermentation” which was used 15 times and is shown in 

green. In this analysis, “sourdough” is clearly a very important 

term and shows that it is an important resource for bread 

quality and functionality and is considered to be important in 

international research studies. The synergistic metabolic 

activities of the microorganisms produce acidification or 

souring, which influence the final character of the bread, 

notably the texture, increase shelf-life by reducing the mold 

growth during storage (Röcken & Voysey, 1995; Corsetti et 

al., 2000; Elsanhoty et al., 2017; Cizeikiene et al., 2020) and 

generate typical flavor components which yield typical 

sourdough sensory attributes (Gobbetti, 1998; Katina, 2005). 

Thanks to these features, the other important keywords are 

“shelf life”, “quality” and “yeast”, “texture profile analysis”, 

“saccharomyces cerevisiae”, “oat”. Keyword co-occurrence 

and clustering are important for a more accurate view of 

research areas. It shows how keywords are limited and 

common for documents analysed based on results (Kulak et 

al., 2019). 

 

4. Conclusions 

It is the first study to provide bibliometric analysis of 

global research trends in "bread and sourdough" studies over 

the period 1989-2021.  

1. With this analysis, it is possible to state that 338 

publications were published from 1989 to in March 2021. 

2. The first publication was published in 1989 as a article 

and Hansen et al. (1989) obtained rye bread crumbs by 

using different types of sourdough yeast and examined 

the physical and chemical properties of the obtained 

breads.  

3. Time-trend analysis did not show a steady increase in the 

annual growth of documents, but overall, the number of 

publications did. In addition, the number of articles 

published in 2005 and the following years has seen a 

much sharper increase. It peaked in 2019 (37 studies) and 

2020 (50 studies). 

4. Italian writer Gobbetti has done the most publications and 

studies. Therefore, Italy leads the way among the 

countries that publish the most. It can also be said that 

there is a bond between China and the USA because an 

American writer collaborates with Chinese writers.  

5. In addition to the words bread and sourdough, the subject 

of lactic acid bacteria, which is an important structure for 

bread and sourdough, was the keyword that attracted the 

most attention. 

6. The most studied field is Food Science Technology. 

Besides, sourdough, one of the most traditional 

biotechnology, has significant effects on the rheology, 

sensory, and shelf life properties of bakery products, 

especially bread. Some aspects of it, such as the potential 

to lower the glycaemic index, increase mineral 

bioavailability, and reduce gluten content, have been 

substantially proven. Due to these features, a research 

field has emerged that has been continuously increasing 

from the past to the present day.  

7. As a result of the bibliometric analysis carried out, 

different requirements may arise in the future regarding 

the above-mentioned issues or different technologies may 

be created for current situations. The results of 

bibliometric analyzes can be examined before new studies 

are carried out on bread and sourdough, and this study 

will, for that reason, be a guide for future studies. 

Author Contributions 

All authors contributed equally to this work. 

Notes 

The authors declare no competing financial interest 

References 

Al, U., & Tonta, Y. (2004). Atıf analizi: Hacettepe Üniversitesi 

kütüphanecilik bölümü tezlerinde atıf yapılan kaynaklar. Bilgi Dünyası, 
5(1), 19-47. 

Althwab, S.A., Alhomaid, R.M., Ali, R.F.M., Mohammed El-Anany, A., & 

Mousa, H.M. (2021). Effect of migratory locust (Locusta migratoria) 
powder incorporation on nutritional and sensorial properties of wheat 

flour bread. British Food Journal, 123(11),3576-3591. 
Doi:10.1108/BFJ-11-2020-1052 

Arendt, E. K., Ryan, L. A. M., & Dal Bello, F. (2007). Impact of sourdough 

on the texture of bread. Food Microbiology, 24(2), 165–
174. Doi:10.1016/j.fm.2006.07.011  

Bockwoldt, J.A., Fellermeier, J., Steffens, E., Vogel, R., Ehrmann, M. (2021). 

β-glucan production by Levilactobacillus brevis and Pediococcus 
claussenii for in situ enriched rye and wheat sourdough breads. Foods, 

10(3), 547. Doi:10.3390/foods10030547 

Brummer, J., & Lorenz, K. (1991). European developments in wheat 
sourdoughs. Cereal Foods World, 36, 310-314. 

Catzeddu, P., Mura, E., Parente, E., Sanna, M., & Farris, G.A. (2006). 

Molecular characterization of lactic acid bacteria from sourdough 
breads produced in Sardinia (Italy) and multivariate statistical analyses 

of results. Systematic and Applied Microbiology, 29(2), 138-144. Doi: 

10.1016/j.syapm.2005.07.013 
Cizeikiene, D., Jagelaviciute, J., Stankevicius, M., & Maruška, A. (2020). 

Thermophilic lactic acid bacteria affect the characteristics of sourdough 

and whole-grain wheat bread. Food bioscience, 38, 100791. 
Doi:10.1016/j.fbio.2020.100791 

Corsetti, A., Gobbetti, M., Marco, B.D., Balestrieri, F., Paoletti, F., Russi, L., 

& Rossi, J. (2000). Combined effect of sourdough lactic acid bacteria 
and additives on bread firmness and staling. Journal of agricultural 

and food chemistry, 48(7), 3044-3051. Doi:10.1021/jf990853e 

Crowley, P., Schober, T., Clarke, C., & Arendt, E. (2002). The effect of 
storage time on textural and crumb grain characteristics of sourdough 

wheat bread. European Food Research and Technology, 214(6), 489–

496. Doi:10.1007/s00217-002-0500-7 
Deis, L.F., & Goodman, D. (2005). Web of Science (2004 version) and 

Scopus. The Charleston Advisor, 6(3), 5-21. 

Elgün, A., & Ertugay, Z. (1992), Tahıl işleme teknolojisi, Atatürk Üniversitesi 
Ziraat Fakültesi, Erzurum. 

Elsanhoty, R.M., Ghonamy, A.G., El-Adly, N., & Ramadan, M. (2017). 

Impact of lactic acid bacteria and bifidobacterium on the survival of 
Bacillus subtilus during fermentation of wheat sourdough. Journal of 

Food Processing and Preservation, 41(4), e13086. 

Doi:10.1111/jfpp.13086 
Faid, M., Boraam, F., Zyani, I., & Larpent, J.P. (1994). Characterization of 

sourdough bread ferments made in the laboratory by traditional 

methods. Zeitschrift Fur Lebensmittel-Untersuchung Und-Forschung,  
198(4), 287–291. 

Fraberger, V., Ammer, C., & Domig, K. (2020). Functional properties and 

sustainability ımprovement of sourdough bread by lactic acid 
bacteria. Microorganisms, 8(12), 1895.  

Doi:10.3390/microorganisms8121895 

Freire, R., & Nicol, C.J. (2019). A bibliometric analysis of past and emergent 
trends in animal welfare science. Animal Welfare. 

Galoburda, R., Straumite, E., Sabovics, M., & Kruma, Z. (2020). Dynamics of 

volatile compounds in triticale bread with sourdough: from flour to 

bread. Foods, 9(12), 1837. Doi: 10.3390/foods9121837 

https://doi.org/10.1016/j.fm.2006.07.011
https://doi.org/10.3390/foods10030547
https://doi.org/10.1016/j.syapm.2005.07.013
https://doi.org/10.1016/j.fbio.2020.100791
https://doi.org/10.1021/jf990853e
https://doi.org/10.1111/jfpp.13086
https://doi.org/10.3390/microorganisms8121895
https://doi.org/10.3390/foods9121837


Sokmen, Sokmen Gurcam, Dundar & Saricaoglu / Eur Food Sci Eng 2022, 3 (1), 36-43 

43 
 

Gobbetti, M. (1998). The sourdough microflora: interactions of lactic acid 

bacteria and yeasts. Trends in Food Science & Technology, 9(7),  267-
274. Doi: 10.1016/S0924-2244(98)00053-3 

Gül, H., Özçelik, S., Sadıç, O., & Certel, M. (2005). Sourdough bread 

production with lactobacilli and S. cerevisiae isolated from sourdoughs. 

Process Biochemistry, 40(2), 691-697. 

Doi:10.1016/j.procbio.2004.01.044 

Hajinia, F., Sadeghi, A., & Mahoonak, A.S. (2020). The use of antifungal 
oat‐sourdough lactic acid bacteria to improve safety and technological 

functionalities of the supplemented wheat bread. Journal of Food 

Safety, 41(1), e12873. Doi 10.1111/jfs.12873 
Hansen, A., Lund, B., & Lewis, M.J. (1989). Flavor of sourdough rye bread 

crumb. Lebensmittel-Wissenschaft & Technologie, 22(4), 141-144. 

Huys G., Daniel H.M., & De Vuyst L. (2013). Taxonomy and Biodiversity of 
Sourdough Yeasts and Lactic Acid Bacteria. Gobbetti M., & Gänzle 

M. (Eds), In Handbook on Sourdough Biotechnology, Springer, 

Boston, MA,  105-154. 
Jagelaviciute, J., & Cizeikiene, D. (2021). The influence of non-traditional 

sourdough made with quinoa, hemp and chia flour on the 

characteristics of gluten-free maize/rice bread. LWT - Food Science and 
Technology, 137, 110457. Doi:10.1016/j.lwt.2020.110457 

Kamdem, J.P., Duarte, A.E., Lima, K.R., Rocha, J.B., Hassan, W., Barros, 

L.M., Roeder, T., & Tsopmo, A. (2019). Research trends in food 
chemistry: A bibliometric review of its 40 years anniversary (1976-

2016). Food Chemistry, 294, 448-457. 

Doi:10.1016/j.foodchem.2019.05.021 
Karagöz, B., & Şeref, İ. (2020). Yazma becerisiyle ilgili makaleler üzerine bir 

inceleme: Web of Science veri tabanında eğilimler. Ana Dili Eğitimi 
Dergisi, 8(1), 67-86. 

Katina, K., Arendt, E., Liukkon, K.H., Autio, K., Flander, L., & Poutanen, K. 

(2005). Potential of sourdough for healthier cereal products. Trends in 
Food Science and Technology, 16(1-3), 104-112. 

Doi:10.1016/j.tifs.2004.03.008 

Katina, K., Sauri, M., Alakomi, H.L., & Mattila-Sandholm, T. (2002).  
Potential of lactic acid bacteria to inhibit rope spoilage in wheat 

sourdough bread. LWT-Food Science and Technology, 35(1), 38-45. 

Doi:10.1006/fstl.2001.0808 
Kim, J., & McMillan, S.J. (2008). Evaluation of Internet Advertising 

Research: A Bibliometric Analysis of Citations from Key 

Sources. Journal of Advertising, 37, 112 - 99. 
Kim, Y.S., Huang, W., Zhu, H., & Rayas-Duarte, P. (2009). Spontaneous 

sourdough processing of Chinese Northern-style steamed breads and 

their volatile compounds. Food Chemistry, 114, 685-692. 
Doi:10.1016/j.foodchem.2008.10.008 

Kulak, M., Ozkan, A., & Bindak, R. (2019). A bibliometric analysis of the 

essential oil-bearing plants exposed to the water stress: How long way 
we have come and how much further? Scientia Horticulturae, 246, 

418–436. Doi:10.1016/j.scienta.2018.11.031 

Lawani, S.M. (1981). Bibliometrics: its theoretical foundations, methods and 
applications. Libri, 31(1), 294-315. 

Liao, H., Tang, M., Luo, L., Li, C., Chiclana, F., & Zeng, X. (2018). A 

bibliometric analysis and visualization of medical big data 
research. Sustainability, 10, 1-18. Doi:10.3390/su10010166 

Luca, L., Aiello, A., Pizzolongo, F., Blaiotta, G., Aponte, M., & Romano, R. 

(2021). Volatile organic compounds in breads prepared with different 
sourdoughs. Applied Sciences, 11(3), 1330. Doi:10.3390/app11031330 

Maidana, S.D., Finch, S.C., Garro, M.S., Savoy, G., Gänzle, M., & Vignolo, 

G. (2020). Development of gluten-free breads started with chia and 
flaxseed sourdoughs fermented by selected lactic acid bacteria. LWT - 

Food Science and Technology, 125, 109189. 

Doi:10.1016/j.lwt.2020.109189 
Martínez-Anaya,M. A., Pitarch, B., Bayarri, P., & Barber, B. (1990). 

Microflora of the sourdoughs of wheat flour bread. X: Interactions 

between yeasts and lactic acid bacteria in wheat doughs and their 

effects on bread quality. Cereal Chemistry, 67, 85-91. 

Menezes, L.A., Marco, I.D., Santos, N.N., Nunes, C.C., Cartabiano, C.E., 

Molognoni, L., Pereira, G., Daguer, H., & Lindner, J.D. (2021). 
Reducing FODMAPs and improving bread quality using type II 

sourdough with selected starter cultures. International Journal of Food 

Sciences and Nutrition, 72(7), 912-922. Doi: 
/10.1080/09637486.2021.1892603 

Menteş, Ö, Akçelik, M., & Ercan, R. (2004). Türkiyede üretilen ekşi 

hamurlardan lactobacillus suşlarının izolasyonu, identifikasyonu ve bu 
suşların temel endüstriyel özellikleri. Gida, 29(4), 307-315. 

Minervini, F., de Angelis, M., di Cagno, R., & Gobbetti, M. (2014). 

Ecological parameters influencing microbial diversity and stability of 
traditional sourdough. International Journal of Food Microbiology, 

171, 136-146. Doi:10.1016/j.ijfoodmicro.2013.11.021 

Nissen, L., Samaei, S.P., Babini, E., & Gianotti, A. (2020). Gluten free 

sourdough bread enriched with cricket flour for protein fortification: 

antioxidant improvement and volatilome characterization. Food 

Chemistry, 333,  127410. Doi:10.1016/j.foodchem.2020.127410 
Okumus, B., Koseoglu, M.A., & Ma, F. (2018). Food and gastronomy 

research in tourism and hospitality: A bibliometric 

analysis. International Journal of Hospitality Management, 73, 64-74 
Olms, F. (1988). Influence of added bread on sourdough fermentation. 

Deutsche Lebensmittel-Rundschau, 84(2), 48-48. 

Papadimitriou, K., Zoumpopoulou, G., Georgalaki, M., Alexandraki, V., 
Kazou, M., Anastasiou, R., & Tsakalidou, E. (2019). Sourdough bread. 

Innovations in Traditional Foods, 127–158.  

Paunkov, A., Chartoumpekis, D.V., Ziros, P.G., & Sykiotis, G.P. (2019). A 
Bibliometric review of the keap1/nrf2 pathway and its related 

antioxidant compounds. Antioxidants, 8. 

Plessas, S. (2021). Innovations in sourdough bread making. Fermentation, 
7(1), 29. Doi:10.3390/fermentation7010029 

Rey-Martí, A., Ribeiro-Soriano, D., & Palacios-Marqués, D. (2016). A 

bibliometric analysis of social entrepreneurship. Journal of Business 
Research, 69, 1651-1655. Doi:10.1016/j.jbusres.2015.10.033 

Röcken, W., & Voysey, P.A. (1995). Sour-dough fermentation in bread 

making. Journal of Applied Bacteriology Symposium Supplement, 79,  
38–48. 

Seibel, W., & Brümmer, J. (1991). The sourdough process for bread in 
Germany. Cereal Foods World, 36, 299-304. 

Sidari, R., Martorana, A., Zappia, C., Mincione, A., & Giuffré, A. (2020). 

Persistence and effect of a multistrain starter culture on antioxidant and 
rheological properties of novel wheat sourdoughs and bread. Foods, 

9(9), 1258. Doi:10.3390/foods9091258 

Sridhar, K., Sharma, M., Choudhary, A., Dikkala, P. K., & Narsaiah, K. 
(2021). Fish and garlic oils hybridized microcapsules: Fortification in 

functional bread. Journal of Food Processing and Preservation, 45(4), 

e15346. Doi:10.1111/jfpp.15346 
Stern, A. L., Berstein, J., Jones, S. S., Blumberg, J. B., & Griffin, T. S. (2021). 

The impacts of germinating organic wheat: effects on phytic acid, 

resistant starch, and functional properties of flour, and sensory 
attributes of sourdough bread. International Journal of Food Science & 

Technology, 56(8), 3858-3865. Doi:10.1111/ijfs.15002 

Thiele, C., Gänzle, M., & Vogel, R. (2002). Contribution of sourdough 
lactobacilli, yeast, and cereal enzymes to the generation of amino acids 

in dough relevant for bread flavor. Cereal Chemistry, 79(1), 45-51. 

Doi:10.1094/cchem.2002.79.1.45 
Trüper, H. G., & de Clari, L. (1997). Taxonomic note: necessary correction of 

specific epithets formed as substantives (nouns) „in apposition‟. 

International Journal of Systematic Bacteriology, 47(3), 908-909. 
Doi:10.1099/00207713-47-3-908 

Ünlü, B., & Alp, G. (2019). Yetenek yönetiminin bibliyometrik haritalama ile 

incelenmesi. Journal of Recreation and Tourism Research, 6(3), 176-
190. Doi:10.31771/jrtr.2019.24 

Van Eck, N.J., & Waltman, L. (2009). Software survey: VOSviewer, a 

computer program for bibliometric mapping. Scientometrics, 84(2), 
523–538. Doi:10.1007/s11192-009-0146-3 

Vogel, R.F., Pavlovic, M., Eehrmann, M.A., Wiezer, A., Liesegang, H., 

Offschanka, S., Voget, S., Angelov, A., Böcker, G., & Liebl, W. 
(2011). Genomic analysis reveals Lactobacillus sanfranci scensis as a 

stable element in traditional sourdoughs. Microbial Cell Factories,  

10(1), 6. 
Weng, Y., Zhang, M., Wang, J., & Zhang, Y. (2021). Significantly 

hypoglycemic effect of a novel functional bread rich in mulberry bark 

and improving the related functions of liver, pancreas, and kidney, on 

T2D mice. Food Science and Nutrition.  9(5), 2468-2482. 

Doi:10.1002/fsn3.2189 

 

 

 

 

 
 

 

 

https://doi.org/10.1016/S0924-2244(98)00053-3
https://doi.org/10.1016/j.procbio.2004.01.044
https://doi.org/10.1111/jfs.12873
https://doi.org/10.1016/j.lwt.2020.110457
https://doi.org/10.1016/j.foodchem.2019.05.021
https://doi.org/10.1016/j.tifs.2004.03.008
https://doi.org/10.1006/fstl.2001.0808
https://doi.org/10.1016/j.foodchem.2008.10.008
https://doi.org/10.1016/j.scienta.2018.11.031
https://doi.org/10.3390/su10010166
https://doi.org/10.3390/app11031330
https://doi.org/10.1016/j.lwt.2020.109189
https://doi.org/10.1016/j.ijfoodmicro.2013.11.021
https://doi.org/10.1016/j.foodchem.2020.127410
https://doi.org/10.3390/fermentation7010029
https://doi.org/10.1016/j.jbusres.2015.10.033
https://doi.org/10.3390/foods9091258
https://doi.org/10.1111/jfpp.15346
https://doi.org/10.1111/ijfs.15002
https://doi.org/10.1094/CCHEM.2002.79.1.45
https://doi.org/10.1099/00207713-47-3-908
https://doi.org/10.31771/jrtr.2019.24
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1002/fsn3.2189

