436

Journal of Chemistry and Technologies, 2025, 33(2), 436-448

Journal of Chemistry and Technologies

v pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

journal homepage: http://chemistry.dnu.dp.ua
editorial e-mail: chem.dnu@gmail.com

UDC 543.5:663
ASPECTS OF RESEARCH ON PROTEIN COMPOSITION OF CRICKET FLOUR
Olha G. Sereda?, Oxana U. Melnyk?, Tetiana V. Rudakova?, Sergiy A. Narizhnyys3, Sergii P. Bokovetc?,

Roman V. Shkaraputat, Olga A. Mayak#, Natalia V. Fedak*, Volodymyr A. Piddubnyis, Yana V. Yevchuk®

1Sumy National Agrarian University, 160, Gerasima Kondratieva St,, Sumy, 40021, Ukraine

2]nstitute of Food Resources NAAS, 4A Yevhena Sverstyuk St., Kyiv, 02002, Ukraine

3Bila Tserkva National Agrarian University, Soborna Square, 8/1, Bila Tserkva, Kyiv region, 09117, Ukraine
4State Biotechnological University, 44 Alchevskikh St., Kharkiv, 61002, Ukraine
5State Scientific Institution "UkrNDIspiritbioprod”, 3 Senkivskyi Ave., Kyiv, Ukraine, 03190
6Uman National University, 1, Instytutska str., Uman, Cherkasy region, 20301, Ukraine
Received 23 February 2025; accepted 30 April 2025; available online 15 July 2025

Abstract

This study presents data on the biological value of wheat and cricket flour, focusing on their amino acid
composition and protein digestibility. With rising demand for high-protein foods, alternative sources like insect
flour particularly from Acheta domesticus — are gaining attention. Crickets contain 40-75 % protein, 15-40 % fats
(including essential fatty acids), and 3-10 % minerals per 100 g of dry matter. Despite consumer resistance to
entomophagy, processing insects into flour improves acceptability. The main goal of this study was to evaluate the
protein content, amino acid profile, and digestibility of cricket flour compared to wheat flour. Protein content was
measured using standard chemical methods, including the Kjeldahl method. Amino acid composition was analysed
using high-performance liquid chromatography (HPLC), and digestibility was assessed through amino acid indices,
which reflect the body’s ability to utilise proteins. Results show that while wheat flour contains key amino acids, its
profile is not fully balanced to meet human nutritional needs. In contrast, cricket flour demonstrates a richer and
more balanced amino acid composition, particularly in essential amino acids. Chromatographic analysis confirmed
higher amino acid content in cricket flour, supporting its superior biological value. Moreover, cricket flour
exhibited higher digestibility than wheat flour, highlighting its potential in dietary applications. In conclusion,
cricket flour is a promising alternative protein source due to its balanced amino acid profile, higher digestibility,
and greater nutritional value compared to wheat flour.

Keywords: cricket flour; wheat flour; proteins; amino acid composition; functional product chromatogram; digestibility.
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AHoTalis

Y pbomy gociigKeHHi mpejcTraBjieHi AaHi Mpo 6ioJIOriyHY LiHHICTh NMIIEHUYHOro Ta IBipKYHOBOro GOpOILIHA, 3
AKIeHTOM Ha iX aMiHOKHC/JIOTHHUH CKJIaJ Ta 3aCBOIOBAHICTh 6ijKa. 3i 3pocTaHHAM NONMTY HAa NPOAYKTHU 3 BUCOKMM
BMicTOM 6iJIKa Bce 6i/IbIIOI yBaru NpyMBepTaOTh ajJbTEPHATUBHI J)KepeJa, TaKi AK GOpPOIIHO 3 KOMaxX, 30KpeMa, 3
Acheta domesticus. lIBipkyHu mictaTb 40-75% 6in1ka, 15-40 % xupiB (BK/I104al04M He3aMiHHI )KUPHi KuCaA0TH) i 3-
10 % miHepasiB Ha 100 r cyxoi pedyoBuHu. He3Baxkalouu Ha CTiMKicTh cnoxkuBayiB A0 eHTOMOQarii, nepepo6ka
KOMax Ha GOpPOLIHO MOKpAIly€ iXHI0 NPUAHATHICTh. OCHOBHOI METOK LbOro JOCHiJXKeHHs 6y/10 OLiHUTH BMICT
6iska, aMiHOKHC/IOTHMH NPo@diib Ta 3aCBOIBAHICTh GOPOIIHA 3 NBipKYHIB y NOPiBHAHHI 3 NIIEeHMYHUM GOPOLIHOM.
BMmicT 6Gijlka BHMipOBa/ii 3a JAONOMOroK CTAaHAAPTHHMX XIMIYHMX MeTO/iB, BkJIKW4Yawuu Metoh K'eabaans.
AMIHOKHC/IOTHMHA CKJIaJ, aHaji3yBajud 3a A0NOMOrow BHcoKoedeKkTUBHOI pigumHHOiI xpomatorpadii (HPLC), a
3aCBOI0OBAHICTh OLiHIOBAa/IM 3a JONOMOrol aMiHOKMCJOTHUX iHJEKCIB, fIKi BiJl06paxkaloTh 3JaTHICTbh OpraHizmy
YTWIi3yBaTH 6ijiIKU. Pe3yibTaTu MOKa3ylTh, 1[0 X04a NIIEeHUYHE GOPOUIHO MiCTUTh K/IOYO0Bi aMiHOKHUC/IOTH, HiOTO
npodisb He € MOBHICTI0O 36a/1aHCOBAaHUM /JJIfA1 3a/0BOJIEHHS Xap4yOBUX NOTpe6 jawauHM. Ha mpoTuBary nbomy,
KPUKeTHe GOpOLIHO JeMOHCTPY€E 6araTmmi i 36a/;laHCOBaHININN aMIHOKUC/JIOTHUH CKJIaj, 0COGJIUBO B HE3aMiHHUX
amiHoKkHC/I0TaX. XpoMaTorpadiyumnil aHasi3 niATBepAUB BUIIUI BMiCT aMiHOKHUC/JIOT y KPMKETHOMY GOPOILIHI, 110
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nigTBepJKye Horo BUILy 6GiosioriyHy niHHicTb. KpiM TOoro, KpukeTHe GOpPOLIHO MAa€ BHILY 3aCBOIOBAHICTb, HiX

NnIeHu4He,

0 MmiJKpec/l0€ #HOro mnoTeHNjiajJl y JAi€ETUYHOMY Xap4yyBaHHi.

OTXKe, KpHKeTHe GOPOLIHO €

NepCcneKTUBHUM aJbTEPHAaTHUBHUM /pKepesioM O6i/IKa 3aBAAKH CBOEMY 36a/IJaHCOBAHOMY aMiHOKHMC/JIOTHOMY
npodiam, Kpauiiii 3acCBOIOBAHOCTI Ta 6Gi/IbIIili NOKUBHIN LiIHHOCTi NOPiBHAHO 3 NIIEHUNYHUM GOPOLIHOM.
Karouosi cnoea: 60poILHO i3 IBipKYHiB; NIleHUYHe GOPOIIHO; GiIKY; aMiHOKHUCJIOTHUHN CKJIaJ;; PYHKLiIOHAJIbHUN NPOJYKT;

XpoMaTorpama,; 3aCBOIOBAHICTb.

Introduction

Protein deficiency in the daily human diet is a
major public health problem that arises due to
insufficient intake of protein substances
contained in food products. Proteins are
considered to be one of the main components of
the human diet, which perform important
biological functions and are the main structural
components of muscles and other tissues in the
human body. In turn, amino acids are considered
to be the building blocks of protein in cellular
mechanisms that act as intermediate links on the
path to metabolic health. Proteins and protein
compounds are essential for life [1], as they are
broken down into amino acids that are absorbed
by the human body. In addition, proteins play an
important role in the regulation of gene
expression, but unlike fats (in the form of lipids
stored in adipose tissue) and carbohydrates (in
the form of glycogen in muscles and liver), the
body does not have a special tissue for storing
proteins [2]. Some studies indicate that protein
restriction has a positive effect on human
metabolic health, and the quality and properties
of protein are determined by the ratio of essential
to non-essential amino acids. Branched-chain
amino acids are considered the main source of
protein for metabolic health, and there is a
relationship between the amount of protein
consumed and the level of branched-chain amino
acids in the blood of a person [3]. High-quality
proteins contain all essential amino acids in an
easily digestible form that meets the needs of the
human body, but insufficient protein intake can
lead to malnutrition and, with the rest, to hidden
hunger [4]. Therefore, the search for alternative
sources of protein is a priority for nutritionists
and researchers.

Recently, insect proteins have been
highlighted as an alternative source of protein.
Statistically, several hundred million people
worldwide consume insects as food [5]. The most
common edible insects are those of the following
orders: Coleoptera (31% of all insects
consumed), Lepidoptera (18 %), Hymenoptera
(14 %), Orthoptera (13 %), Hemiptera (10%),
Odonata (3 %) and Diptera (2 %) [6].

The nutritional composition of edible insects,
including protein content, can be comparable to
or even exceed traditional sources of protein

used in human nutrition, such as salmon, chicken,
beef, and pork. According to a study by Liceaga
(2022), the protein content (as a percentage of
dry matter) in eight orders of edible insects
ranges from 35% in Blattodea, 40% in
Coleoptera, 45% in Lepidoptera, 46 % in
Hymenoptera, 48% in Hemiptera, 49 % in
Diptera, 55 % in Odonata and up to 61 % in
Orthoptera. These values are significantly higher
than the protein content in fresh products
(~100 g), such as pork (21.0 %), beef (22.5 %),
and chicken (22.2 %) [10]. It is worth noting that
traditional protein sources are usually consumed
fresh, while insects are mainly processed into
flour. One of these is cricket flour, which is made
from the domestic cricket of the genus Acheta
domesticus, widely used in the food industry [7,
15], which is due to its high nutritional value,
namely protein content of 40.0-75.0 % per 100 g
of dry matter [8], mineral content within 3.0-
10.0 %, among which calcium, iron, magnesium
predominate, as well as fat and essential fatty
acid content of 15.0-40.0 % per 100g of dry
matter [9].

Due to its concentrated content, the flour has
an increased nutritional value compared to fresh
products, which is one of the key factors in
increasing the nutritional value of the products in
which it is included. After all, cricket flour
contains high-quality proteins [11], which are
easily digestible and more bioavailable than
vegetable and animal proteins [12]. In powdered
form, cricket flour has gained popularity in
countries such as the USA, Canada, and the
European Union. According to its organoleptic
indicators, it has a greyish-brown colour with a
delicate nutty flavour [13]. In addition to high-
quality proteins, the flour contains unsaturated
fatty acids, vitamins, and minerals and has a low
carbohydrate content [14].

It should be noted that, according to the
literature, studies on the digestibility of cricket
flour from the genus Acheta domesticus were
conducted by researchers at the National
Agricultural University, Olancho, Honduras [16].
It was found that the in vitro digestibility of
cricket flour is within 87.7 %.

Given that cricket flour from the genus Acheta
domesticus contains a significant amount of
protein, it is considered one of the most famous
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types of flour obtained from insects intended for
human consumption, which is widely used in
products such as bread, pasta, extruded snacks,
biscuit semi-finished products, however, studies
on its biological value and amino acid
composition are quite limited. Therefore, the
purpose of this work is to study the amino acid
composition and in vitro digestibility of cricket
flour of the genus Acheta domesticus provided by
TM SENS (London, Great Britain) for
recommendations on its further use in food
production.

Materials and methods

Materials

The used cricket flour (Acheta domesticus)
(CF) is sold in Ukraine under the trademark
"SENS" by the manufacturer, Great Britain.
According to the documentation provided by the
manufacturer, to produce the flour, crickets
underwent a process of degreasing, microwave
drying, and grinding (120-250 microns), after
which the flour was sieved on sieves with a sieve
diameter of 1.25 mm. It is also stated that the
flour does not contain artificial dyes, flavours,
preservatives, monosodium glutamate, gluten, or
dairy products.

According to previously conducted studies,
cricket flour contains protein—40.0-75.0 % per
100 g of dry matter, fats - 13.7 g, carbohydrates -
0.5 g, and chitin—5.9 g per 100 g of dry matter
[29].

The study used premium wheat flour of the
“Khutorok” brand, produced in Ukraine. It was
determined that the wheat flour of this brand
contains 25.0 % satisfactorily weak gluten,
protein content - 11.0%, fat - 15g,
carbohydrates - 70 g per 100 g of dry matter.

Methods

Determination of protein content in cricket

flour

The study involved the use of a classical
titrimetric method for determining the total
nitrogen content by the Kjeldahl method in
accordance with the requirements of DSTU 7169
[17]. A feature of this study is that the described
method was adapted, taking into account the
biochemical properties of cricket flour, which
differ from traditional wheat flour. In particular,
to ensure complete decomposition of nitrogen-
containing compounds of animal origin (chitin,
proteins), the mineralization of cricket flour
samples was accompanied by prolonged heating
after decolorization of the reaction mixture,
which is not provided for by the standard

method. Additional control of the amount of
ammonia after distillation was also carried out to
avoid underestimation of the results.

However, due to the specific chemical
composition of cricket flour, which is significantly
different from traditional wheat flour, additional
measures were introduced in the research
process aimed at increasing the accuracy and
reproducibility of the results.

To increase the accuracy of measurements,
high-precision analytical equipment was used,
such as: analytical balances for sample dosing
(accuracy 0.1 mg), a burette with an accuracy of
0.01 ml for titration, a pH meter for controlling
the end point of titration, and a fume hood for
safe operation with volatile and corrosive
substances.

The high content of chitin structures in cricket
flour, as well as the presence of animal proteins
with a special structure, required an extended
mineralization time after decolorization of the
solution, which guaranteed the complete
decomposition of nitrogen-containing organic
compounds. To prevent nitrogen losses and
ensure process stability, ammonia release was
monitored at each stage of distillation.

In addition, when studying the ash content of
cricket flour samples, an extended calcination
cycle was applied, since their mineral
composition is characterized by an increased
content of components that are more slowly
oxidized at standard temperature regimes of the
muffle furnace. This made it possible to avoid
residual charred particles and obtain correct
results.

The expansion of methodological approaches
to determining the mass fraction of proteins and
ash content allowed for adequate adaptation of
classical standardized methods for the analysis of
flour from entomological raw materials and
ensured the correctness of comparing its protein
composition with traditional wheat flour.

Determination of the amino acid composition of
cricket flour

Amino acid composition (AC) of cricket flour
was determined by the content of free (synthetic
and natural) amino acids and the total content
(free and bound forms in the sum) of certain
amino acids using an amino acid analyzer
according to DSTU ISO 13903 [18].

Determination of free forms of amino acids

Free forms of amino acids were extracted with
diluted hydrochloric acid. Laboratory glassware
(volumetric flasks, test tubes, pipettes) and a
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heated magnetic stirrer were used to prepare
solutions and mix samples.

The nitrogenous macromolecules extracted
together with the amino acids were precipitated
by adding sulfosalicylic acid, after which the
samples were centrifuged in a laboratory
centrifuge at 4000 rpm for 10 min. The resulting
precipitate was separated by filtration using a
vacuum filter. The filtrate was adjusted to pH -
2.20 using a Hanna Instruments HI 2211 pH
meter.

Ion exchange chromatography was used to
separate the amino acids on a Biochrom 30+,
Sykam S433 amino acid analyzer equipped with
an ion exchange resin column.

After chromatographic separation, the amino
acids were reacted with ninhydrin, for which a
thermostat was used for incubation at a
temperature of about 100°C. Quantitative
determination of amino acids was carried out
using a Specord 200 spectrophotometer at a
wavelength of 570 nm.

Determination of the total content (free and
bound forms in the sum) of individual AAs

The determination of the total free and bound
forms in the sum of individual amino acids

amino acid content of the test protein (mg/g protein)

consisted of the fact that before hydrolysis,
cystine (cysteine) and methionine were oxidized
to cysteic acid and methionine sulfone,
respectively. Tyrosine was determined in
hydrolysates of unoxidized samples. All other
amino acids were determined in both oxidized
and unoxidized samples. Oxidation was carried
out at a temperature of 0 °C with a mixture of
performic acid with phenol. Excess oxidant was
decomposed with sodium disulfide. Oxidized or
unoxidized samples were subjected to hydrolysis
with hydrochloric acid of a molar concentration
of 6 mol/dm3 for 23 hours. The hydrolysate was
adjusted to pH 2.20 units. Amino acids were
separated by ion exchange chromatography,
derivatized with ninhydrin, and detected at a
wavelength of 570 nm (440 nm for proline). The
sample was thoroughly mixed and ground to pass
through a 0.5 mm sieve. Before grinding, samples
with high humidity were dried at a temperature
not exceeding 50 °C.

Methodology for calculating the amino acid
score

The calculation of the amino acid score for
cricket flour and wheat flour was carried out
using formula 1:

ASS = ASS

content of the same amino acid in the reference protein (mg/g protein)

As a reference protein, a protein whose
composition meets the recommended human
needs according to FAO/WHO for adults and
children was chosen. The amino acid with the
lowest SCOR was considered limiting.

Conducting the study

Determination of the content of free forms of
amino acids

To determine the content of free forms of
amino acids, a sample from (1.0000+ 0.0002) g to
(5.0000+ 0.0002) g was weighed on a scale, the
prepared sample was quantitatively transferred
to a conical flask, 100.0 cm3 of extraction solution
was added, which was made from 8.2 cm3 of
hydrochloric acid (p=1.19 g/cm3) with the
addition of 900 cm3 of distilled water, then 20
cm3 of thiodiglycol was added and the volume of
the solution was brought to the mark with water
in a volumetric flask with a capacity of 1000.0
cm3. The mixture was shaken for 60 min using a
mechanical shaker, and settled, after which 10.0
cm3 of the supernatant (liquid phase) of the liquid
was transferred with a pipette into a 100 cm3
beaker. While stirring, 5.0 cm3 of sulfosalicylic
acid was added and stirring was continued using
a magnetic stirrer for 5 min. The solution was

x100% (1)

filtered to remove the precipitate. Then 10.0 cm3
of the resulting solution was placed in a 100 cm3
beaker and adjusted to a pH of 2.20 units using
sodium hydroxide solution. The solution was
quantitatively transferred into a volumetric flask
of the appropriate volume (required for
chromatography) and the volume of the solution
was adjusted to the mark with citrate buffer.

Determination of the total content (free and
bound forms in the sum) of individual amino acids

The determination of the total content (free
and bound forms in the sum) of individual amino
acids began with oxidation. For open hydrolysis,
a sample of (0.1000+ 0.0002) g to (1.0000+
0.0002) g was weighed into a 100 cm3 round-
bottom flask, which is used for all amino acids
except cysteine, tyrosine and tryptophan, and for
closed hydrolysis in a closed vessel, for such AAs
as cysteine, tyrosine and tryptophan.

The sample taken for analysis contained about
10 mg of nitrogen with a humidity of 95%. The
flask or container with the sample was placed in
an ice bath, after cooling to 0°C, 5 cm3 of the
oxidation mixture was added and stirred using a
glass rod with a bent tip, and then the flask with
the rod was hermetically sealed with a lid. The ice



440

Journal of Chemistry and Technologies, 2025, 33(2), 436-448

bath with the closed vessel was placed in a
refrigerator at 0 °C. After 16 hours, the vessel was
removed from the fridge, and the excess of the
oxidation mixture was removed by adding 0.84 g
of sodium disulfide.

Next, hydrolysis of non-oxidized samples for
such AAS as cysteine and methionine and
oxidized samples for all other AAS was carried
out.

To carry out hydrolysis, 25cm3 of the
hydrolysis mixture was added to the prepared
oxidized sample, washing away the sample
residues from the walls of the vessel and the rod.
Three glass beads were added to the mixture in
the flask and boiled with a reflux condenser
continuously for 23 hours. After the hydrolysis
was completed, the refrigerator was washed with
5 cm3 of citrate buffer, the flask was disconnected
and cooled in an ice bath.

For the hydrolysis of unoxidized samples, a
sample of (0.1000+ 0.0002) g to (1.0000+
0.0002) g was weighed into a 250 cm3 round-
bottom flask and a 100 cm3 container with a
screw cap. The sample contained about 10 mg of
nitrogen. 25 cm3 of the hydrolysis mixture was
carefully added and mixed with the sample. The
flask or container containing the mixture
prepared accordingly was placed in a drying oven
at a temperature of 110 °C. During the first hour,
to prevent pressure build-up (due to the release
of gaseous substances) and to avoid explosion,
the container was not covered with a lid placed
on top of the vessel. After an hour, the container
was closed with a lid and left in a drying cabinet
for 23 hours. Upon completion of the hydrolysis,
the flask or container was removed from the
drying cabinet, the lid was carefully opened and
cooled in an ice bath. Using citrate buffer, the
contents of the container were quantitatively
transferred to a glass or round-bottomed flask
with a capacity of 250 cm3, and the ph value was
adjusted depending on the method.

To determine the ph value, 2.0 cm3 of the
internal standard solution was added to the
hydrolysate before evaporation (0.6560 g of
norleucine was dissolved in citrate buffer in a
250 cm3 volumetric flask, and the volume of the
solution was brought to the mark with buffer).
Two drops of 1-octanol were added to the
hydrolysate described above, and the volume was
reduced to 5-10 cm3 using a rotary evaporator in
vacuum at a temperature of 40 °C. The acidity of
the solution was then adjusted to a pH equal to
2.20 units using a sodium hydroxide solution
with a molar concentration of 1 mol/dms3.

The hydrolysate with the established pH value
was quantitatively transferred using citrate
buffer into a 200 cm3 volumetric flask and the
volume of the solution in the flask was brought to
the mark with buffer. The solution was
thoroughly mixed and chromatography was
performed.

Before chromatography, the temperature of
the hydrolysate was brought to room
temperature. The mixture was stirred and the
required amount was filtered through a
membrane filter. The resulting clear solution was
used for ion-exchange chromatography. Sample
introduction was performed automatically, the
same amount (£ 0.5 %) of the standard and
sample solutions were introduced into the
column. The frequency of calibration depended
on the stability of the ninhydrin solutions and the
analytical system.

Results processing

The peak areas of the standard sample and the
sample were measured for each amino acid
separately. The amino acid content in the test
sample is w, g/kg was calculated by formula 2:

Ay MV, A

= a,m1000 4 (2)
where Ap - an area of the AK peak in the
hydrolysate;
¢ - molar concentration of the amino acid in the
standard solution, mol/dm3;
M - molecular mass of the amino acid;
Vo - total volume of the hydrolysate or calculated
total volume of extract dilutions, cm3;
A - area of the amino acid peak in the standard
solution;
m - mass of the analyzed sample (corrected for
the initial mass for dry and/or fat-free samples),
g.
1000 - conversion factor for volume units:
Aic — an area of the internal standard peak in the
standard solution;
Aj, - an area of the internal standard peak in the
extract or hydrolysate.

In the hydrolysates of the oxidized sample,
cystine and cysteine were determined as cysteic
acid but were calculated as the sum of cystine and
cysteine, using the molecular weight of cystine
M = 240.30 and calculating the molecular weight
of cysteine: M = 0.5:242.30 =120.15.

In the hydrolysates of the oxidized sample,
methionine was determined as methionine
sulfone but was calculated as methionine with
M =149.21. The free form of methionine was
determined after extraction as methionine.
Therefore, the value of M = 149.21 was used for
calculations.
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The total volume of dilution of extracts
(Ve), cms3, for the determination of free forms of
amino acids was calculated by formula 3:

_ 1045 Vgt
Ve = 1007735 (3)

where V¢ - final extract volume, cm3.

The correctness of the method was checked by
repeated measurements of standard samples. The
assessment of the content of essential amino
acids was carried out following the
recommendations of FAO/WHO (1991) [19].

The digestibility of flour protein by digestive
enzymes in vitro was carried out using the basic
method of 0.0. Pokrovsky - LD. Yertanov [26].
The essence of this method is the sequential
action on the protein of the studied object of the
proteinase system and the removal by dialysis of
some hydrolysis products to prevent inhibition of
the reaction by low-molecular peptides and free
amino acids. The efficiency of protein digestion
by the used proteinase system was judged by the
amount of tyrosine that accumulated in the
dialysate, taking into account its mass fraction in
the product itself. The mass fraction of tyrosine in
the studied product and dialysate was
determined by the Lowry method [27] on a
spectrophotometer at a wavelength of A =750
nm.

The digestibility of the product protein, (%),
was calculated by formula 13 [28]:

10-P,

P== (13)
where P - protein digestibility of the studied
product, % to the initial mass fraction of tyrosine
in it;

T - mass fraction of tyrosine in the protein of the
tested product, g/100 g of protein;

Py - protein digestibility of the studied product,
mg tyrosine/1g protein:

P, =A-B-C(, (14)
where A - concentration of hydrolysis products
in hydrolysis with enzyme;

B - concentration of hydrolysis products in
hydrolysis without enzyme;

C - concentration of hydrolysis products in the
enzyme solution.

Statistical analysis

Statistical analysis of experimental data was
performed using the Statistica 6 application
package. Data are the mean of three replicates *
standard deviation. To create the chromatogram,
specialized software Chomatogram Plot was
used. Graphical representation of experimental
data was performed using the Google Colab
statistical processing package.

Results and discussion

The nutritional value of food depends on its
chemical composition, which determines its
benefits to humans. The amino acid composition
of products is an important indicator of their
nutritional value, especially when it comes to the
protein component. This study compared the
proteins and amino acid profiles of wheat flour
(WF) and cricket flour (CF). The analysis is based
on the division of amino acids into groups:
essential (those that the human body cannot
synthesize on its own) and non-essential (those
that can be formed in the body, but their
sufficient amount in the diet is important for
maintaining the physiological functions of the
human body). The content of the amount of
proteins, as well as non-essential and non-
essential amino acids in wheat flour and cricket

10 - proportionality coefficient, (g protein et _
g %)/(mg 100 g of protein); flour, is given in Table 1.
Table 1
Protein and amino acid content in raw materials
Component, % Type of flour
WF CR
Protein content, g 12,45+0,15 70,53+0,02
Essential amino acids, FAO scale WF amino acid CR amino acid score,
mg/100g score, % %
Val 50 470+0.01 0.94 614+0.03 1.23
Leu 70 806+0.07 1.15 751.4+0.05 1.07
Ile 40 430+0.09 1.08 441.9+0.03 1.11
Lys 55 250+0.03 0.45 781.5+0.03 1.42
Met 35 153+0.01 0.44 197.0+0.01 0.56
Thr 40 311+0.01 0.78 400.4+0.02 1.00
Phe 60 500+0.02 0.83 388.0+0.02 0.65
Try 10 100£0.02 1.0 - -
Replaceable amino acids, mg/100g Type of flour
WF CR
Asp 340.0+0.02 537.0£0.47
Ser 500.0+£0.02 251.0+£0.60
Glu 308.00+0.04 629.0+0.67
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Continuation of Table 1

Pro 970.0+0.01 448.0+0.38
Gly 350.0+0.04 382.0+0.32
Ala 330.0£0.05 697.0+0.49
His 200.0+0.40 267.0x0.24
Arg 400.0+0.20 450.0£0.39
Cys 200.0£0.01 560.0+0.02
Tyr 250.0+0.30 521.0£0.32

Note: WF - wheat flour, CF - cricket flour.

Val - Valine; Leu - Leucine; Ile - Isoleucine; Lys - Lysine; Met - Methionine; Thr - Threonine; Phe - Phenylalanine; Try -
Tryptophan; ASP - Aspartic acid; Ser - Serine; Glu - Glutamic acid; Pro - Proline; Gly - Glycine; Ala - Alanine; His - Histidine;

Arg -Arginine; Cys -Cystine; Tyr - Tyrosine.

Gluten proteins of wheat flour contribute to
the creation of a gluten framework, which
provides the volume and shape of bakery and
flour confectionery products. They also
determine the biological value of products and
affect their digestibility by the body. The use of
raw  materials  with  different  protein
compositions and the content of essential amino
acids in the recipe significantly changes the
properties of finished products. According to the
results of Table 1, cricket flour contains 5.76
times more proteins than wheat flour. Therefore,
it is likely that adding CF to food products can
increase the nutritional and biological value of
products.

Also, Table 1 shows that CF is better than WF
in almost all essential amino acid compositions.
The valine content in CF exceeds the amino acid
content in wheat flour by 1.36 %. Also, the
content of isoleucine is higher by 1.03 %, lysine -
by 3.13 %, methionine - by 1.29 %, and threonine
- by 1.29 %, respectively.

It is known that the consumption of products
containing a significant amount of lysine is
extremely important. After all, lysine is necessary
for the normal functioning of the body, namely
for the synthesis of proteins in the human body.
Lysine is a component of proteins contained in
muscles, bones, collagen and other structural
components. It helps the body fight harmful
infections and  microorganisms,  namely
stimulates the production of antibodies and
immune cells. Lysine helps regulate the level of
arginine, which affects blood circulation and
nitrogen synthesis in the body [20].

CF also contains more methionine, which is
considered the most limited amino acid among
the acids presented. In living organisms,
methionine is found mainly in the L-form and is
part of most proteins. In microorganisms, it is
formed from L-aspartic acid. In mammalian cells,
L-methionine, which comes with food, is itself a
building block for another conditionally essential
amino acid, L-cysteine. According to the

recommendations of the World Health
Organization, the consumption of L-methionine
for healthy adults should be 13 mg per 1 kg of
body weight per day. L-methionine is found in
products of animal and plant origin. Except for
sesame (methionine content 1656 mg/100 g) and
Brazil nuts (1008 mg/100 g), the content of L-
methionine in animal proteins is significantly
higher than in plant proteins [21; 22].

It is known that valine is one of the 20 amino
acids that are part of the L-isomers of many
known proteins and is an important component
of food for humans and animals. When there is a
lack of carbohydrates in the body, they are
converted into glucose (glycogen) or glycogen
through styrene acetate and
phosphoenolpyruvate. The daily intake of valine
is 110 mg/1 kg for children, 0.8 g for men and
0.65 g for women [23]. The main sources of L-
valine are products of animal origin. It is present
in free form in all organisms and is also present
in the composition of proteins (especially
abundant in albumin). The content of valine in
proteins usually ranges from 4.1% (horse
myoglobin) to 7-8 % (human serum albumin,
bovine casein), and in some cases - 13-14 %
(elastin of connective tissue). The absence of
valine in food depletes it of protein and leads to a
negative nitrogen balance of casein in connective
tissue proteins. Valine is recommended for use in
programs for athletes engaged in building muscle
mass, as well as in conventional multicomponent
complexes as an aid for protein metabolism
[24; 25].

From the analysis of the obtained data, it is
clear that the amino acid SCORE of cricket flour
proteins is in the range of 0.56-1.42 % (Table 1).
The highest SCORE in CF was recorded for valine,
the limiting amino acid was found to be
methionine, the SCORE of which is 0.56 %,
although its content in CF is higher compared to
wheat flour.

Regarding essential amino acids, the results of
the study showed that cricket flour significantly
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exceeds wheat flour in amino acid composition in
terms of such amino acids as aspartic acid -
15.79 times, serine - 5.02; alanine - 21.12,
cystine - 2.8, tyrosine - 20.84, arginine - 11.25,
glutamic acid - 2.04, proline - 4.61 (Table 1).
Thus, according to the results of the study,
cricket flour has a better amino acid profile
compared to wheat flour, especially in essential
amino acids. The most significant advantages of
CF are the high amount of lysine, alanine, aspartic
and glutamic acids, and cysteine, which improves
its biological value. In turn, wheat flour is inferior
to CF in most indicators, especially due to the low
content of lysine, which makes its protein less
complete. WF has a higher content of proline and

serine, which can be useful for the formation of
collagen, but in general, does not compensate for
the lack of other amino acids. Therefore, cricket
flour is a rich source of high-quality protein,
which makes it a valuable supplement for people
who need a high-protein diet.

Visual confirmation of the chemical
composition of wheat flour and cricket flour
protein is presented in chromatograms, the
analysis of which allows us to compare the amino
acid balance of different types of flour. According
to Table 1, a chromatogram of the cricket flour
standard (Fig. 1) and wheat flour (Fig. 2) was
created.

Amino Acid Profile in Cricket Flour
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Fig. 2. Chromatogram of amino acid standard for wheat flour (550 nm (440 nm for proline))

Both graphs present the results of the amino
acid analysis of flour. The chromatographic
method with ninhydrin derivatization was
applied according to DSTU ISO 13903. The
analysis was carried out based on ion-exchange
chromatography, which allows for the separation

of amino acids and their detection at a
wavelength of 570 nm (440 nm for proline).
Figure 1 shows the dependence of the electric
voltage (V) on the retention time (min) for cricket
flour. The data are visualized in the form of a dot
plot connected by a dotted line, demonstrating
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the change in the parameter over time.
Considering the characteristic of the dependence,
a pronounced nonlinear change in voltage with
numerous local maxima and minima is observed.
The initial jump (about 700 V) in the first
10 minutes with a subsequent sharp decrease
may indicate the first stages of the reaction in the
system. Further voltage changes indicate the
presence of possible transient processes, in

particular oxidation reactions or structural
changes of protein molecules.
The peak voltage values are probably

associated with specific amino acid residues and
chemical processes in the sample. Minima, such
as around 25-30 min (where the voltage
approaches zero), indicate certain stages of
stabilization or decay of intermediate structures.
In turn, the maximum voltage values (around 800
V at 10 min and 700 V at 60 min) indicate a peak
of electrochemical activity.

The probable causes of the dynamics in cricket
flour indicate the interaction of proteins with
solvents and their denaturation, a change in the
structure of amino acids during the ageing
process, as well as possible participation in
catalytic processes that change the electrical
conductivity of the system.

Thus, the results obtained show a significant
change in the electrical properties of cricket flour
during the curing time. The presence of
pronounced peaks and voltage drops is due to
specific reactions of amino acids, which confirms
the feasibility of further studies of the
electrochemical characteristics of this product.

In turn, in Figure 2, significant voltage
variability is observed throughout the entire
experiment. Maximum values (approximately
900-1000V) are observed at  points
corresponding to such AAs as leucine (10-15
min) and proline (50 min). A noticeable sharp
decrease in voltage after these peak values
indicates dynamic changes in the chemical
composition of the system.

High voltage values for leucine, phenylalanine
and proline indicate their higher electrical
conductivity under the corresponding conditions.
Low values (about 200 V) for lysine, methionine
and cysteine are associated with weaker
interaction of these amino acids in the system.
However, strong voltage fluctuations after 50 min
indicate possible reactions of amino acids with
the environment.

Taking into account these indicators, the
probable reasons for the dynamics of change are
possible structural changes in protein molecules

and amino acids under the influence of an electric
field, the character of voltage distribution
indicates different levels of polarity of amino
acids in the flour composition, as well as the
interaction of wheat proteins with solvents or
their potential denaturation. Therefore, the
obtained data demonstrate that wheat flour is
characterized by pronounced changes in
electrical activity, which is probably associated
with the amino acid composition of proteins. The
peak voltage values correspond to different
electrochemical properties of amino acids, which
makes further study of their role in structural
transformations a promising direction of analysis.

Comparing the analysis of chromatograms of
amino acids from cricket flour and wheat flour,
we note that in terms of amplitude of voltage
fluctuations, wheat flour demonstrates higher
peak voltage values, with a maximum of *1000 V
for proline with a duration of 50 min. In turn,
cricket flour has smaller peak values, with a
maximum value of %800 V for leucine lasting 10
min. This indicates a potentially higher
electrochemical activity of amino acids in wheat
flour, which may be associated with the specific
composition of proteins.

In wheat flour, sharp voltage fluctuations
alternate with stable areas, which indicates a
complex protein structure with different levels of
electrical conductivity. Also, wheat flour
demonstrates more contrasting peak values and
sharp declines, which indicates a more active
distribution of amino acids in the protein matrix.

Cricket flour has fewer sharp drops, as it has a
different protein structure and amino acid profile
compared to wheat flour. Cricket flour has
smoother changes in the stability of
electrochemical processes. This indicates
different types of protein interactions that are
significantly different from wheat flour and the
presence of chitin, which affects the
electrochemical properties.

Some amino acids, in particular leucine,
phenylalanine, proline and arginine, show high
voltage values in both cases, which indicates their
role in shaping the electrochemical activity of
proteins. At the same time, in cricket flour, a
lower level of electrochemical activity is observed
for proline, which is key in structural proteins.

Regarding the chemical composition and the
influence of the detection method, it should be
noted that the analysis method indicates that
both free and bound amino acids were
determined, which affects the intensity of the
peaks in the chromatogram. The content of
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individual amino acids, such as cysteine (Cys) and
methionine (Met), was corrected according to
their oxidized form. A wavelength of 440 nm was
used to detect proline, which affects its high
intensity in the results.

Therefore, both chromatograms (Fig. 1 and 2)
demonstrate the presence of essential amino
acids, but their quantitative characteristics differ.
Wheat flour has a higher content of some amino
acids, such as leucine and proline. Cricket flour
has a higher content of essential amino acids,
especially arginine (Arg) and tryptophan (Trp),
which is reflected in the change of peak values.
The difference in extraction and hydrolysis
methods affects the results, especially for sulfur-
containing amino acids (cysteine, methionine).

Therefore, the chromatography method is a
scientific basis for determining the amino acid
composition of various food raw materials and
food systems, which is important for
understanding the processes occurring during
the interaction of different types of raw materials
in the human body. The data obtained allowed a
deeper analysis of the assessment of the amino
acid composition of cricket flour compared to
wheat flour, which have different physiological
roles in the human body, since leucine in wheat
flour takes an active part in protein synthesis,
stimulates muscle growth, promotes recovery
after physical exertion or injuries, and also
regulates blood sugar levels, ensuring energy
stability, while proline, in turn, performs a
structural function, being the main component of
collagen - a protein that forms connective tissues
such as skin, ligaments, bones and cartilage. Due
to its properties, proline promotes wound
healing, tissue regeneration, strengthens blood
vessels, and maintains skin health. In addition, it
has antioxidant properties that help reduce the
negative impact of stress on cells. Thus, leucine
and proline perform complementary functions:
the first is responsible for growth and energy
processes, the second for tissue repair, structural
stability, and protection, which in combination
contribute to maintaining overall human health.
Cricket flour proteins contain an increased
amount of arginine and tryptophan, which play

an important role in maintaining the
physiological functions of the body, each of which
has unique properties and effects on human
health. Arginine is a conditionally essential amino
acid, especially important during periods of
stress, intensive growth, illness, or injury, when
its endogenous production may be insufficient.
Arginine is involved in the synthesis of nitric
oxide, a molecule that dilates blood vessels,
improves blood circulation, and helps normalize
blood pressure. Arginine also stimulates the
release of growth hormone, supports the immune
system, promotes wound healing and tissue
repair, and participates in the processes of
detoxification and cleansing of the body. Due to
these properties, arginine is often used in sports
nutrition, cardio-metabolic disorders, and clinical
nutrition. Tryptophan enters the body only with
food. It is a precursor for the synthesis of
serotonin, a neurotransmitter responsible for
mood, emotional state, appetite, and sleep
quality. Due to this, tryptophan plays a key role in
maintaining psycho-emotional health. It also
participates in the production of melatonin, a
hormone that regulates biorhythms and ensures
healthy sleep. Tryptophan is necessary for
growth and development of the body, the
synthesis of nicotinic acid (vitamin B3).
Therefore, the amino acid composition of wheat
and cricket flour has quantitative and qualitative
differences, understanding of which will allow us
to give recommendations on the use of the
studied raw materials in the production of new
products.

The next step was to study the protein
digestibility coefficient in vitro. The essence of
the method for determining protein digestibility
in cricket flour by digestive enzymes is the
sequential action of the proteinase system on the
protein of the studied object and the removal of
hydrolysis products by dialysis to avoid
inhibition of the reaction by low-molecular
peptides and free amino acids. Table 2 and Figure
3 show data characterizing the dynamics of
cricket flour digestibility by low-molecular
peptides and free amino acids.

Table 2
Digestibility of cricket flour and wheat flour (in vitro)
Sample number Mass fraction of Protein digestibility
tyrosine, mg tyrosine/g protein %
g/100 g protein
pepsin trypsin total
Cricket flour 3.55+0.17 5.59+0.05 21.88+0.18 27.47+0.27 77.37
Wheat Flour 0.77+0.02 1.17+0.01 2.50+0.02 3.67+0.02 47.69
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Table 2 shows that the protein digestibility
coefficient of cricket flour is 77.37 % compared to
wheat flour, the digestibility is 47.69 %.

The presented data on the rate of protein
digestibility of cricket flour compared to the
control (wheat flour) in the proteinase system
"pepsin-trypsin” (in vitro) with an increase in
nitrogen-containing compounds in the dialysate
indicate the adjacent nature of the cleavage of
raw materials. Therefore, the digestibility of
cricket meal proteins is characterized by a
pronounced two-stage type. Cricket flour
proteins are rapidly digested by pepsin, which is
characterized by a rapid rise in the digestibility
curve. At the first stage of protein digestibility
under the influence of pepsin, a steep rise in the
curve can be noted. However, by 3.5 hours of
digestion, a slowdown in protein hydrolysis is
noted. Further addition of trypsin to the system
leads to a new acceleration of the digestion
process, causing the curve to rise sharply upward
again at the beginning of 4 hours, in contrast to
wheat flour proteins. Considering the digestibility
curve of cricket flour proteins, we note that the
total duration of digestion is about 7 hours. The
recorded course of protein digestion of both
types of flour indicates that CF protein is of high
quality, easily digestible by the human body and
contains a significant amount of essential amino
acids.

Conclusions

According to the results of the study, a
comparison of the amino acid composition of
wheat flour (WF) and cricket flour (CF) revealed
significant differences in their nutritional
properties, which may have implications for the
food industry.

Cricket flour contains significantly more
protein - 5.76 times more than wheat flour. This
indicates that CF is an important source of
protein and can be used to increase the
nutritional value of products, especially for
people who require high-protein diets, such as
athletes, vegans or people with increased
physiological protein needs.

Cricket flour was found to contain a higher
content of essential amino acids, such as lysine,
methionine, valine, isoleucine and threonine. In
particular, the lysine content in CF exceeds the
lysine content in wheat flour by 3.13 %, which is
important because lysine is necessary for protein
synthesis, normal functioning of the immune
system and calcium absorption.

CF also has a higher content of methionine,
which is an essential amino acid for the synthesis
of other important compounds in the body, such
as cysteine. This confirms that CF has a more
complete amino acid profile, which can provide a
high biological value for products made from this
flour.

Regarding non-essential amino acids, cricket
flour has a higher content of non-essential amino
acids such as aspartic acid, serine, glutamic acid,
cysteine and tyrosine. At the same time, wheat
flour has a slightly higher level of proline, which
is important for collagen formation. However,
this parameter does not compensate for the
absence of other key amino acids in wheat flour.

Chromatographic analysis of CF confirmed the
results of the chemical composition. It was found
that wheat flour exhibits higher peak voltage
values on the chromatogram, which may indicate
higher electrochemical activity of its protein
molecules. This may be due to the specific
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structure of wheat flour proteins and the
interaction with solvents, which affects the
change in their electrical properties.

In summary, cricket flour is a promising
source of high-quality protein, which has a high
degree of digestibility and is easily absorbed by
the human body. The high content of essential
amino acids in CF makes it particularly useful for
meeting the needs for amino acids that are
lacking in traditional plant products. The use of
cricket flour in the food industry can significantly
increase the nutritional value of products,
especially for people with increased physiological
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