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   Introduction 

In the food industry, nutrition plays a very important role. The 
population's constant desire to integrate micro and macronutrients into 
the daily diet leads to the development and modification of dietary 
patterns. Economic, cultural and social factors as well as awareness are key 
points in the popularity and development of a product. (JAKAB et al., 2020). 

Edible insects have recently been highlighted as a potential source of 
valuable nutrients, particularly in areas where food insecurity and 
malnutrition are major social problems (CLARA CICATIELLO et al., 2020). 

Compared to conventionally raised animals, insects have a higher or 
similar nutritional bioavailability, with fewer requirements for water, food 
and space (VAN DER FELS-KLERX et al., 2018). The need for increased 
production of animal protein results in a high demand for animal feeding,                     
leading to overuse of soils and expansion into current natural land 
(BEATRIZ ACOSTA-ESTRADA et al., 2021). 

Their rich chemical composition in proteins, essential amino acids, fatty 
acids, minerals and vitamins makes them an optimal source of nutrients. 
They are consumed by 2.5 billion people worldwide in more than 110 
countries. 
 Insects can also be grown in closed industrial facilities. Western 
countries are investigating the potential of these approaches, driven by the 
need to find alternative sources of protein. These alternatives are needed 
because the demand for meat products is growing while the area of land 
dedicated for animal feed production is limited, and current livestock 
production is a major contributor to a number of environmental problems 
such as acidification due to ammonia leakage, climate change due to 
greenhouse gases, emissions, deforestation, soil erosion, desertification 
and water pollution. 
Cricket flour contains up to 60-70% protein, while pork and chicken have 
4 times less protein for the same weight of raw material. A nutritional 
goldmine, cricket flour provides 25 times more protein than beef. This meal 
is a natural superfood. It's very rich in high quality protein, low in 
carbohydrates, contains non-saturated fatty acids and plenty of fiber. 

The main objective of the study 

The scientific research carried out was also motivated by the need to 
develop a new, functional, sustainable product that would reduce the 
shortcomings of a conventional diet. 

Therefore, the purpose of this thesis a was to study the adaptability of 
Lactobacillus plantarum ATCC 8014 (Lp) strain on cricket flour substrate, 
following its influence on amino acids, volatile compounds, fatty acids, 
organic acids and mineral compounds in the formed slurry. Moreover, the 
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study went further by enhancing the sourdough obtained by fermentation 
of cricket flour into a new pastry product, following the influence of 
fermentation on the above-mentioned bioactive compounds. 

Three major research directions have been addressed in order to assess 
the possibilities for the valorization of cricket flour: 

➢ Quantification of the main bioactive compounds of cricket flour 
and of the finished product; 

➢ Study on the adaptability of lactic acid bacteria on cricket flour 
substrate; 

➢ Traceability of bioactive compounds throughout the production 
process; 

➢ Achieving an innovative, functional product with high 
nutritional value. 

Physicochemical, spectrometric, atomic                            absorption and 
chromatographic methods were used to achieve the above objectives. 

The raw materials used for the experiments are cricket flour, wheat flour, 
fresh yeast, olive oil, lactic  acid bacteria: Lactobacillus Plantarum ATCC 
8014. 

Raw materials such as wheat flour, fresh yeast and      olive oil were 
purchased from specialized shops in Cluj-Napoca. 

Cricket flour was purchased from the market and was manufactured in 
Thailand (JR Unique Company Foods Ltd., Udon Thani, Thailand). 

Lactobacillus plantarum ATCC 8014 strain was obtained from 
Microbiologics (St. Cloud, MN, USA) and MRS culture was purchased from 
Merck (Darmstadt, Germany). Organic acid standards (lactic, acetic, 
fumaric, citric, succinic, oxalic, ascorbic) were purchased from Fluka (Saint 
Louis, MO, USA) and were 99.5% pure. 

The research in this paper was carried out in the Food Quality Control 
Laboratory, LICSA Laboratory, Microbiology Laboratory, Bakery Products 
Pilot Station of the Faculty of Food Science and Technology, USAMV Cluj-
Napoca, Interdisciplinary Research Platform of the King Michael I 
University of Agricultural Sciences and Veterinary Medicine of Banat, 
Romania, Research Institute for Analytical Instrumentation (ICIA), Cluj-
Napoca. 

 The PhD thesis is structured in two main parts, in the first part,, The current 
state of knowledge" of cricket flour, dairy sourdoughs and the chemical 
composition of the raw materials used in the manufacture of the finished 
product, which is            divided into two chapters and part II ,,Personal 
contribution" which is divided into four chapters comprising personal 
contributions, results, discussion and conclusions. 
 In the first chapter, a general overview of insects and insect flour as well as 
their consumer acceptability status was presented. 
The literature review and analysis identified some of the reasons for not 
consuming insects, but their importance for human consumption is 
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highlighted by describing their sustainability. 
The second chapter presents the main raw materials used for the 

production of the pastry, highlighting the main bioactive compounds of 
each ingredient. 

The second part of the study begins with chapter 3  where the main 
objectives of the PhD thesis are           described, followed by chapter 4 where the 
main analytical methods used to achieve the objectives are described. 

Chapter 4 also presents the method of activation of               lactic acid bacteria, as 
well as the method of preparation of the pastry (crackers) and sourdough,         
and the technological scheme for their production. Dough fermentation is 
defined as a technological process used to increase the number of bioactive 
compounds of raw materials by metabolizing them through lactic acid 
bacteria and reducing certain      anti-nutritional compounds such as saponins 
or phytic acid, thus increasing the bioaccessibility of compounds such as 
mineral salts, fibers or even proteins.  

Chapter 5 contains the results of the analysis of the  raw materials, the 
sourdoughs and the finished product. Thus, the chemical composition of 
the cricket flour taken in analysis is presented, mentioning that it contains: 
76.2% protein, 6.13% fat, 3.89% fibers, 5.04% ash of which, the most 
relevant minerals identified were: K (560.46 mg/100g f.w.), P (150.80 
mg/100g f.w.), Cu (46.16 mg/100g f.w.), Zn (15.11 mg/100g f.w.). Among 
the organic acids identified in cricket flour the main representatives were: 
fumaric acid (13.70 mg/g f.w.), citric acid (12.87 mg/g f.w.), lactic acid 
(13.77 mg/g f.w.). 

Among the fatty acids identified we mention: oleic acid (27.47%), linoleic 
acid 41.91%, palmitic acid (16.29%) and stearic acid (10.59%). Regarding 
the aroma compounds, it is the first time that the presence of 2-methyl-5-
propan-2-ylcyclohex-2-en- 1-one, from the acetophenone category, has 
been identified. 

Other aroma compounds identified were: benzaldehyde, heptanal, 2-
heptanone, β-myrcene, 2- methyl-1-butanol. Regarding the amino acid 
content of cricket flour, a total of 24 amino acids were analyzed, alanine, 
sarcosine, glycine, aminobutyric acid, valine, β-aminoisobutyric acid, 
leucine, L- Alloisoleucine, isoleucine, threonine, serine, proline, asparagine, 
tetratricopeptide, aspartic acid, methionine, hydroxyproline, 
phenylalanine, ornithine, lysine, glutamine and tryptophan, of   which 16 
were quantified. 

Regarding the microbial growth of Lactobacillus Plantarum ATCC 8014 
strain the highest value was recorded after 24 hours of fermentation (9.01 
log cfu/mL); meanwhile, at 48 hours of fermentation, the value decreased 
significantly (7.39 log cfu/mL). A mixed microbiota consisting mainly of 
diplococci and long Gram-positive or Gram-negative bacilli with low 
microbial density values was observed in the spontaneously fermenting 
plates of cricket flour. 
Regarding the fermentation of cricket  flour, parameters such as pH and 
TTA were first analyzed as markers of a good fermentation and 
acidification  rate. 
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The TTA value of cricket flour sourdough was  quite high at the beginning 
of fermentation, mainly    due to the ash content of cricket flour, which  
probably generates a higher buffering capacity of the sourdough.  
In the present study, organic acids                    such as lactic, acetic and succinic acids 
increased their values mainly by controlled fermentation. This               could be 
justified by the L. plantarum strain, which              literature claims to have an 
exceptionally large             capacity in the metabolic conversion of various                  
phytochemicals via enzymes such as reductases, decarboxylases, glycosyl 
hydrolases or even phenolic acid esterases.  
A significant increase was  observed in the fatty acid content during    
fermentation with L. plantarum, the values being different from those of 
spontaneous fermentation.       Regarding the amino acid evolution during                   
controlled fermentation, a positive trend was      observed, especially in Lp 
fermentation at 24 h. This      could be justified by the ability of Lp to 
metabolize           different food chemical compounds, mainly             proteins, which 
ends with the formation of amino  acids and peptides. 

Concerning the finished product, the crackers with                fermented sourdough 
with Lp for 24 h recorded the               best values in terms of organic acid content 
(lactic acid with a content of 2. 57 mg/g f.w., acetic acid 1.2 mg/g f.w., citric 
acid 1.69 mg/g f.w.), fatty acids (palmitic acid: 28.46%, linoleic acid: 
29.66%, oleic acid: 24.62%) and amino acids (lysine: 22.88 mg/g f.w., 
threonine: 12.99 mg/g f.w, glycine: 30.66 mg/g f.w.). 

Concerning the volatile compounds in the finished                               products, the crackers 
obtained with 24-hour fermented sourdough recorded volatile 
compounds                 such as 1-pentanol with a perceived aroma of bread, wine, 3-
methyl-1-butanol with whisky, malt, burnt, benzaldehyde (almond, sweet, 
nutty aroma) as well              as 2-methyl-1-butanol with a perceived aroma of 
malt. 
The highest amount of micro and macro-minerals was identified in the Lp 
fermented maize cracker sample at 24 hours. The results show that 
potassium                 is found in the highest amount 136.87 mg/100 g f.w., followed 
in order by phosphorus 60.26 mg/100 g f.w., copper 32.51 mg/100 g f.w., 
magnesium 15.08 mg/100 g f.w. and iron 4.78 mg/100 g f.w. 

In terms of sensory analysis, the 24 h fermented Lp sourdough crackers 
recorded the highest hedonic score of 8.25.  The high appreciation of PFLp 
24 H in terms of odor and taste is mainly due to the formation of 
benzaldehyde during fermentation which gives the finished product a 
pleasant nutty, almond flavor and the high amount of 2-methyl-1- butanol 
and 3-methyl-1-butanol which gives the finished product a malty flavor. 

Overall Conclusions 

Regarding the insect flour, it is characterized by a high mineral content, 
the iron content (7.20 mg/100 g f.w.) in cricket flour being higher than in 
cattle meat. A  total of 10 fatty acids have been identified in cricket                            flour. 
The main fatty acids were linoleic acid, oleic acid, palmitic acid and stearic 



Studies concerning the manufacturing of pastry products using insect flour 

 VI 

acid with percentages                         of 41.91%, 27.27%,     16.29 % and 10.59% 
respectively.  

The main fatty acids were represented by the PUFA group with a value of 
43.28%, followed by MUFA and SFA with values of 29.39% and 27.94%   
respectively.   Among   the   non-essential amino acids, the highest amount 
was alanine 221.21 mg/g f.w. 

Concerning the fermented sourdough with Lactobacillus plantarum 
ATTC 8014 strain, the          development of bioactive compounds in controlled 
fermentation is clearly superior to spontaneous fermentation, and the best 
results were observed in                24-hour controlled fermented sourdough. 

Thus, macrominerals such as K, Mg and Ca reached, after 24 h of 
controlled fermentation, values of 201.23 mg/100 g f.w., 15.33 mg/100 g f.w. 
and 1.79 mg/100 g f.w. respectively; while microminerals such as  Cu, Zn 
and Mn reached values of 42.03 mg/100 g f.w., 6.52 mg/100 g f.w., and 
1.98 mg/100 g respectively. 

In the present study, organic acids such as lactic (3.62 mg/100 g f.w.) and 
acetic (1.27 mg/100 g f.w.) acids increased their values mainly through 
controlled fermentation, and these are also performance indicators of the 
fermentation process. 

Amino acids, minerals, fatty acids as well as flavor                     compounds had the 
best values in the finished product PFLp24 h. Of the amino acids identified 
the most representative were lysine, threonine, alanine and glutamic acid, 
while Mg, K and Fe were the most representative minerals that increased 
their value during fermentation due to the pH decrease leading  to possible 
phytic acid degradation. 

In conclusion, cricket flour fermented with Lp resulted in an innovative 
functional product with applications in the food industry. 
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