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Abstract

Aim. Develop technology for meat patés using the microalgae Chlorella. Investigate the effect of Chlorella on the
qualitative and quantitative composition of essential amino acids, macro- and microelements in the finished product.
Methods. The finished food products were studied for organoleptic, physicochemical, and toxicological parameters
using standard methods of analysis. The macro- and microelement composition was determined by inductively
coupled plasma optical emission spectrometry (ICP-OES). The results of experimental studies were subjected to
statistical processing using standard Microsoft Office software packages. Results. Developed patés technology using
microalgae Chlorella, which is cultivated for industrial production in Ukraine and used as a food additive in dry form
(powder) and as live microalgae in the form of a suspension - the Chlorella wellness drink. The effect of Chlorella on
the sensory characteristics of the product, protein content, macro- and microelement composition, including toxic
elements, was investigated. To characterize the biological value of the product, the amino acid score, the amount of
essential amino acids, the coefficient of difference of amino acid scores (CDAS), the coefficient of utilization (U), and
the coefficient of comparative redundancy of essential amino acids (¢) were calculated. Conclusions. The enrichment
of meat patés with K, Mg, Ca, Cu, Mn, Zn; an increase in the amount of lysine and tryptophan; and a significant decrease
in the content of Cd were found. The coefficient of utilization and the coefficient of comparative redundancy of
essential amino acids (EAA) showed a better balance in terms of essential amino acids. Thus, the use of Chlorella to
fortify the mineral and amino acid composition has been scientifically substantiated and experimentally confirmed,
which will lead to an increase in the functional properties of meat patés and an expansion of the range of health-
promoting patés products.

Keywords: microalgae; Chlorella wellness drink; meat patés; protein; essential amino acids; biological value.

CHLORELLA - BIOJIOTTYHO AKTUBHUIH KOMIIOHEHT B TEXHOJIOTTi MPOAYKTIB
0310POBYO0I'0O TA JIIKYBAJIbBHO-IIPOPIJIAKTUYHOTI'O IPU3HAYEHHA

Oubra B. Koxkemska, Jlrogmuia B. [Tentyk

/JlHinposcbkuli HayioHaabHuli yHieepcumem imeHi Oaecst l'onuapa, np. I'azapina, 72, linpo, 49010, Ykpaina
AHoTarnjiga
MeTa. Po3po6UTH TEeXHOJIOTril0 M'SICHUX MAalITeTiB 3 BUKOPUCTAaHHAM MikpoBogopocti Chlorella. JociiguT BIJIMB
Chlorella Ha AKicHUI Ta KiJIbKiCHMI CK/JIaJ He3aMiHHUX aMiHOKHMCJIOT, MaKpo- Ta MiKpoeJiIeMeHTiB y roTOBOMY
npoaykti. Metoau. JociaigKeHHs roToBoi Xap4yoBoi NpoAyKiuii NMPOBOAWJIM 3a OpraHoienTUYHUMH, ¢i3uko-
XiMiYHMMHM Ta TOKCMKOJIOTIYHMMHM NMOKa3HHMKAaMM 3 BUKOPHCTAaHHAM CTaHJApPTHUX MeTOJiB aHaJai3dy. BusHayeHHs
MaKpo- Ta MiKpOeJeMEeHTHOro CKJaJy NPOBOAUJIHU METOJOM ONTUYHOI eMicCiiiHOI cnmekTpoMeTpii 3 iHAYKTUBHO
3B’s13aHO10 I/1a3Mo10 (ICP-OES). Pe3ysibTaTH eKcllepyMMeHTa AbHUX JOC/iAKeHb i jaBa/ i CTAaTUCTUYHIH 06po6Li 3a
JAONOMOroI0 CTaHAAPTHHUX NporpaMHux naketiB Microsoft Office. Pe3ysibTaTu. P03p06/ieHO TEXHOJIOTiI0 MalITEeTiB 3
BUKOPUCTaHHA MikpoBogopocTi Chlorella, sika KyJbTHUBYETbCA AJIsI MPOMMCJIOBOro BUPOGHHMITBA B YKpaiHi Ta
BUKOPHUCTOBYEThCSI K XapyoBa A06aBKa B CyXOMy BUIJIAAI (MOPOIIOK), Tak i »KMBa MiKpOBOAOPOCTb y BUIIAAI
cycneHnsii - wellness-Hamniit Chlorella. JocaigxeHo BnimB Chlorella Ha ceHCOPHi XapaKTepUCTHKH NPOAYKTY, BMicT
6i/1KiB, MaKpoO- Ta MiKpoeJleMeHTHHMH CKJIaJ, B TOMY YMCJ/Ii TOKCMYHHX eJIeMeHTiB. [l XapaKTepUCTHKH 6io0riyHOl
IiHHOCTi MPOAYKTY po3paxoBaHO aMiHOKHCI0THUI CKOP, Ki/IbKicTh He3aMiHHMX aMiHOKUC/IOT, KoedinieHT pisHuLi
amiHokucaoTHoro CKOP (KPAC), koedinienTt yrmaitapHocti (U), koedinmieHT mnopiBHAJBHOI HaAJUIIKOBOCTI
He3aMiHHMX aMiHOKucJ0T (o). BucHOBOK. BusiBjieHo 36arayeHHsaA M'scHux namretiB K, Mg, Ca, Cu, Mn, Zn;
36i/IbIIeHHs KiJIBKOCTi Ji3uHy Ta TpuntodaHy; cyTreBe 3MeHIIeHHA BMicty Cd. KoedinmieHT yTmiitapHocTi Ta
KoedinieHT mnopiBHAMIBHOI HajaumkoBocti HAK mnokasanaum Kpamy 36a/laHCOBaHiCTh 3a He3aMiHHUMHU
amMiHokuca0TaMHM. OTKe, HAYKOBO OGI'PYHTOBAHO Ta eKCIEPUMEHTAJILHO i TBepAkeHo BUKopucTtaHHA Chlorella pns
dopTudikanii miHepanbHOro Ta aMiHOKHMCJIOTHOIO CKJaAy, W0 B pe3yabTaTi HpuBeAe [0 MiABUIIEHHA
¢yHKIiOHa/IBHUX BJIACTUBOCTEM M’SICHUX MAIUITETiB Ta PpO3MIHUPEHHS AaCOPTUMEHTY MNAalITETHOI MNpOoOAyKIii
03/,0pOBYOro NpU3HAYEeHHS.
Karuosi caosa: MmikpoBogopocTb; wellness-Haniit Chlorella; M’sicHi nawteTy; 6iJ10K; He3aMiHHI aMiHOKHCI0TH; 6ioJioriyHa
LiHHICTb.
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Introduction

Food shortages and limited global resources
are the most significant challenges facing
humanity in the 21st century. According to FAO
estimates, by 2050, the demand for animal
products will grow rapidly, especially due to
protein consumption [1]. Increased consumption
of animal proteins could have a negative impact on
the livestock industry and natural resources. Soil
degradation, water shortages, abrupt climate
change, natural disasters, and military operations
in Ukraine are also problems for the livestock
sector.

A sharp increase in hunger and food insecurity
has led to the fact that every 10th person in the
world does not have enough food, and the World
Bank predicts that every percentage point
increase in global food prices will lead to an
increase in the number of people in the world who
will be in extreme poverty (UN, 2022) [2]. To meet
the shortage of traditional animal protein
resources, scientists around the world are
searching for alternative sources. Recently,
microalgae have been considered as a new source
of protein, including the enrichment of food
products with biologically valuable substances.
Microalgae contain functional elements such as
peptides, carbohydrates, lipids, pigments,
vitamins and minerals that can provide
consumers with a wide range of health benefits.

The environmental aspects of microalgae, such
as CO; consumption, no need for arable land or
drinking water, have made them a promising
alternative source of food. In addition, microalgae
have a significantly high growth rate and can
adapt to a wide range of growing conditions
compared to land-based crops [3].

Microalgae have been part of the human diet
for many centuries. For example, Nostoc was used
in Asia more than 2000 years ago; Spirulina was
used by some tribes in Africa, the indigenous
population of Mexico and other indigenous
peoples [4]. Later, commercial forms of
microalgae (Chlorella sp. and Spirulina sp.) were
consumed as a healthy food in Japan, Taiwan and
Mexico [5].

The cultivation and production of microalgae is
mainly concentrated in East and Southeast Asia.
More than 70 companies in the world are engaged
in the cultivation of Chlorella, and the largest
producer is Taiwan Chlorella Manufacturing and
Co. (Taipei, Taiwan), which produces 400 tonnes
of dried biomass/year [5].

There are also enterprises producing Chlorella
microalgae in Ukraine - Chlorella Ukraine LLC

(Bila Tserkva) and U Samvela Farm (Odesa
region).

Problem statement. Today, there is a
deformation of human diets, which leads to low
consumption of complete proteins, essential fatty
acids, complex carbohydrates, vitamins and
minerals.

People are beginning to realise that it is
necessary to pay attention to foods that benefit
health, ensure and maintain the body's vital
processes at a high level under various living
conditions, and enable people to remain active for
a long time. Foods that have health-promoting
properties should be included in the regular diet
on a regular basis.

In East Asia, seaweed and microalgae are
widely consumed as an additional source of
protein and mineral components. In Japan, China,
France, the USA, Indonesia and other countries,
the microalgae Chlorella is consumed as a "green
food". In other regions of the world, microalgae
are included in the diet of health-conscious people
as a food supplement [6]. In particular, in Ukraine,
there is no culture of consuming microalgae as
food and they are usually presented on the market
in the form of tablets, capsules, powders and a
"live Chlorella" drink (wellness drink). We see the
prospect of enriching traditional food products
with this microalgae.

Analysis of recent research and publications.
The number of products containing microalgae is
constantly growing. Between 2015 and 2019,
about 13,090 new food products containing algae
or algae-derived components were registered
worldwide. These new products accounted for
79 % of food and 21 % of beverages [6].

Microalgae are added to cookies, biscuits, ice
cream, processed cheeses, yoghurts [7], candies,
chewing gum, snacks, pasta, noodles, breakfast
cereals and drinks, etc. [8]. Microalgae have also
been used in meat products, such as sausages [9],
hamburgers [10], pork liver paté, turkey cutlets,
boiled turkey breast, fresh pork sausages and
marinated turkey breast [11], beef cutlets [12].

In Ukraine, there is some information on the
use of Chlorella as an enrichment component. For
example, in the Odesa region, U Samvela farm
cultivates the microalgae strain Chlorella vulgaris
[FR No C-11 and Chlorella vulgaris BIN. For the
Chlorella suspension, the regulatory
documentation is TU U 03.0-37613791-001:2017
"Chlorella suspension. Technical specifications".
Food additives with Chlorella are used by the farm
in baking bread, cooking meat, poultry, fish, soups
and other dishes in its own restaurants in Odesa
[13].



232

Journal of Chemistry and Technologies, 2023, 31(2), 230-239

The companies “Proper honey” and “Living
Chlorella” have produced an original product -
real green honey, based on cream honey from
flower herbs and a suspension of Chlorella
microalgae [14].

A technology for the production of mayonnaise
and sauces using the algae Chlorella vulgaris has
been developed [15], as well as a technology for
meat breads involving nutria, rabbit, poultry meat
and the addition of Chlorella microalgae [16].

Microalgae contain a unique complex of
nutrients necessary for the human body. The
biochemical components of the microalgae
Chlorella vulgaris mainly consist of proteins,
lipids, carbohydrates, pigments, minerals and
vitamins [17; 18].

Proteins and peptides are one of the main
groups of food components that significantly
affect the functional and biological activity of the
product [19].

Peptides are specific protein fragments that are
attributed with antioxidant, antihypertensive,
immunomodulatory, anticarcinogenic, hepato-
protective and anticoagulant properties [20].

A unique nucleotide-peptide complex is found
in the cell nucleus and is called C.G.F (Chlorella
Growth Factor). It is a water-soluble extract
consisting of substances such as essential amino
acids, peptides, proteins, vitamins, sugars and
nucleic acids [21].

Protein is one of the key components that
determines the biological value of meat. The
quality and quantity of proteins in raw materials
affect the emulsification, gelation, viscosity and
texture properties of promising meat products.

The protein content in microalgae is higher
than in most foods. For example, beef contains
17.4 % protein; fish - 19.2-20.6 %; chicken - 19-
24 %; peanuts - 26 %; wheat germ - 27 %;
Parmesan cheese - 36 %; skimmed milk powder -
36 %; soy flour - 36 %; brewer's yeast — 45 %j;
chicken egg - 47 %; Chlorella sp. - 50-60 %;
Spirulina sp. - 60-70 % [22].

Microalgae are a promising protein resource
and have been studied as food components for
many years. To compare the main types of
microalgae, Table 1 shows their macronutrient
composition [23].

Composition of different types of microalgae in terms of dry matter of biomass [23] rovled
Type of microalgae . Composition. (% dry matter)
Protein Lipids Carbohydrates
Anabena cylindrica 43-56 4-7 25-30
Aphanizomenon flos-aquae 62 3 23
Chaetoceros calcitrans 36 15 27
Chlamydomonas rheinhardii 48 21 17
Chlorella vulgaris 51-58 14-22 12-17
Chlorella pyrenoidosa 57 2 26
Diacronema vlkianum 57 6 32
Dunaliela salina 57 6 32
Dunaliela bioculata 49 8 4
Euglena gracilis 39-61 22-38 14-18
Haematococcus pluvialis 48 15 27
Isochrysis galbana 50-56 12-14 10-17
Porphyridium cruentum 28-39 9-14 40-57
Prymnesium parvum 28-45 22-38 25-33
Scenedesmus obliquus 50-56 12-14 10-17
Scenedesmus dimorphus 8-18 16-40 21-52
Scenedesmus quadricauda 47 19 21-52
Spirogyra sp. 6-20 11-21 33-64
Spirulina maxima 60-71 6-7 13-16
Spirulina platensis 46-63 4-9 8-14
Synechococcus sp. 63 11 15
Tetraselmis maculata 52 3 15

The table shows that microalgae are a rich
source of proteins, fats, and carbohydrates, which
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is why they are attracting the attention of
scientists around the world who are working on
developing new types of products.

Microalgae protein contains all the amino acids
necessary for normal human metabolism,
including essential amino acids that cannot be

synthesised in the human or animal body. Becker
[24] states that the content of amino acids (lysine,
methionine, tryptophan, threonine, valine,
histidine and isoleucine) in some microalgae is
comparable to that of an egg or soybean (Table 2).

Table 2

Amino acid profile of standard protein sources and microalgae (g/100 g of dry matter) [23; 25]

Source Egg Chicken breast Soybean Chlorella sp. Chlorella vulgaris
Essential amino acids
Histidine 2.4 4.5 2.6 2.4 2.0
Isoleucine 6.6 3.24 53 4.4 3.8
Leucine 8.8 6.4 7.7 9.2 8.8
Lysine 5.3 7.9 6.4 8.9 8.4
Methionine 3.2 2.5 1.3 2.2 2.2
Phenyl alanine 5.8 3.2 5.0 5.5 5.0
Threonine 5.0 3.7 4.0 4.7 4.8
Tryptophan 1.7 - 1.4 - 2.1
Valine 7.2 3.46 5.3 6.1 55
Total 46.0 34.9 39.0 43.4 42.6
Non-essential amino acids
Tyrosine 4.2 3.65 3.7 4.2 3.4
Alanine - 4.7 5.0 8.3 7.9
Arginine 6.2 5.8 7.4 7.1 6.4
Asparagine 11.0 7.8 1.3 9.4 9.0
Glutamic 12.6 11.2 19.0 129 11.6
Glycine 4.2 3.4 4.5 5.4 5.8
Proline 4.2 3.2 5.3 4.8 4.8
Serine 6.9 34 5.8 4.0 41
Cystine 2.3 1.1 19 0.4 1.4
Total 51.6 44.25 53.9 56.5 54.4

The table data shows that the total content of
essential and non-essential amino acids of
Chlorella is higher than that of chicken breast and
soya beans, and the total content of essential acids
of chicken egg is lower compared to Chlorella.

Minerals are inorganic substances that the
human body needs for proper functioning.

Chlorella is rich in potassium, sodium, calcium,
magnesium, manganese, zinc, and selenium [26-
29]. Selenium is an essential trace element and is
a component of selenoproteins, which have a
variety of pharmaceutical activities, including
anti-tumour and anti-aging effects. The main

mineral composition is shown in Table 3.
Table 3

Mineral content in the microalgae Chlorella [26; 28]

Chemical element mg/kg dry biomass Chemical element ug/kg dry biomass
Na 10.4 Fe 1.185
K 11.0 Zn 24.7
Mg 3.53 Cu 6.21
Ca 2.3 Mn 77.8
p 19.2 Cr 1.38
-- -- B 27.5

The mineral content generally depends on the
growing conditions such as season, temperature,
physiological state, geographical variations,
growing process, nutrient composition, etc.

Chlorella is a source of polysaccharides and
oligosaccharides, which is why it is recommended
as a prebiotic [21]. One of the most important
polysaccharides is f-1.3 glucan, an active
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immunostimulant that reduces free radicals and
cholesterol in blood [5].

Polyunsaturated fatty acids (w-3, w-6), which
are not synthesised in the human body, are of
great nutritional and medical importance and are
used in the treatment of heart disease, asthma, and
arthritis. Docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) from microalgae are
a promising source and alternative to fish oil [30].

The vitamins and vitamin-like substances
contained in Chlorella are: alpha-carotene, beta-
carotene, vitamins of group B, C, E, D, K, folic acid,
pantothenic acid, biotin, inositol, choline. Chlorella
products contain a significant amount of vitamins
D; and Biz, which are not found in plants. This
vitamin complex is a key element for cell growth
and differentiation in the human body, a major
participant in the activity of enzymes involved in
metabolism; it has antioxidant, anticarcinogenic
properties, supports healthy skin, hair and
muscles, etc.

Chlorella is considered one of the main sources
of chlorophyll a and b. It can synthesise
chlorophyll in large quantities, reaching 1-2 % of
its dry biomass [31]. Some of the health benefits of
chlorophyll include healing wounds, ulcers,
haemorrhoids, helping with haemophilia,
improving diabetes and asthma, etc. Because
chlorophyll is very similar in structure to heme,
which combines with proteins to form
haemoglobin, it has been shown to be beneficial in
increasing the number of red blood cells and plays
an important role in cancer prevention [33].

Chlorella is a rich source of carotenoids
(astaxanthin, lutein, B-carotene, lycopene and
canthaxanthin), accounting for about 1.3 % of dry
biomass. Chlorella vulgaris is reported to produce
lutein as the main carotenoid [32].

It has been shown that the biologically active
ingredients of Chlorella have a positive effect as
antihypertensive, antiallergic, antiasthmatic,
antidiabetic, anticancer and preventive
cardiovascular agents. Moreover, Chlorella sp. has
GRAS (Generally Recognised as Safe) status in
accordance with the requirements of the US Food
and Drug Administration (FDA) [34].

Thus, Chlorella can be confidently used as an
enrichment component of food products for
therapeutic and prevention purposes.

As for meat products, they play an important
role in human nutrition. This is a group of food
products consumed by a wide range of people
around the world. The development of meat patés
using microalgae is promising.

Paté is a product that has been known since
ancient times. France is considered to be the

birthplace of this product, where patés have three
varieties: paté, paté aux terrines, and paté aux
croutons. French chefs skilfully combined various
ingredients, mixing minced meat or fish, offal with
spices, wrapped in dough and baked in an oven.
Paté made without dough in special moulds is
called terrine, rillon, or riette. In the Middle Ages,
patés baked in dough were made from veal,
poultry, fish, venison, capon, etc. Nowadays, meat
patés are in demand due to their high nutritional
value, pleasant specific taste and delicate texture.
In addition, they can combine raw materials of
animal and vegetable origin, which have health
benefits.

The results of the literature analysis indicate
that the use of microalgae in meat food products,
taking into account the amino acid balance and
their mineral enrichment, remains poorly
understood.

Purpose and objectives of the research. The aim
of the work was to develop and improve the
technology of meat patés using the microalgae
Chlorella as a natural macro- and micronutrient
enrichment to expand the range of meat-based
health food products; conduct organoleptic and
physicochemical tests, study the effect of the
microalgae Chlorella on the qualitative and
quantitative composition of proteins, mineral
composition and content of toxic elements.

Materials and methods of the research

The technology of the cold method of preparing
patés using the microalgae Chlorella vulgaris was
chosen as the object of research. The technology of
patés included veining, grinding of meat raw
materials, hydration of Chlorella powder, cutting,
moulding, heat treatment (t = 72 °C), cooling, and
storage.

Subject of research. We developed five recipes
for meat patés using Chlorella vulgaris from 0.5 %
to 3.0 %. The microalgae was added in the form of
apowder (hydro-module 1 : 3) from the Ukrainian
manufacturer Chlorella Ukraine LLC; and in one
recipe, "live Chlorella" was added - replacing the
broth according to the recipe with a Chlorella
suspension (wellness drink) produced by U
Samvela Farm. The paté recipe from DSTU
4432:2005 "Meat patés. Technical specifications".
In the recipe, the liver and pork meat were
replaced with chicken liver and meat, and
sunflower oil was added.

Research methods. Organoleptic evaluation of
the quality of patés was carried out in accordance
with DSTU 4823.2-2007 "Meat products.
Organoleptic evaluation of quality indicators.
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Part 2. General requirements” on a five-point
scale.

Protein was determined in the laboratory by
the Kjeldahl control method - DSTU ISO 937:2005
"Meat and meat products. Determination of
nitrogen content (control method)". The
determination of total ash was carried out
according to DSTU ISO 936:2008 "Meat and meat
products. Method for determination of the mass
fraction of total ash".

The macro- and microelement composition
was determined by inductively coupled plasma
optical emission spectrometry (ICP-OES) using a
PerkinElmer Avio 200 atomic emission
spectrometer (USA). The signals from the
detectors were processed by a computer system

using standard Microsoft Office software
packages.

The amino acid composition of the
experimental samples was calculated using

reference materials. The biological value of
protein components in the experimental samples
was assessed according to the indicators and
criteria proposed by N. N. Lipatov [36].

Results and discussion

At the first stage of the study, after
manufacturing, heat treatment and cooling, a
sensory analysis was carried out according to the
following indicators: appearance, consistency,
appearance of minced meat in a cut, taste, smell
(Table 4). The control sample was a paté recipe
without Chlorella.

Table 4
Organoleptic characteristics of meat pates using Chlorella
Indicator Recipe 1 Samples with Chlorella content
name without Recipe 2 Recipe 3 Recipe 4 Recipe 5 Recipe 6
Chlorella o 5 o Chiorella 1.0 % Chiorella 2.0 % Chlorella 3.0 % Chlorella  suspension of
Control powder powder powder powder live Chlorella
Appearance = Homogeneou Homogeneous Homogeneous Homogeneous Homogeneous Homogeneous
s mass of mass of light mass of light mass of green mass of dark mass of light
light brown green colour green colour colour green colour brown colour,
colour darker than the
control
Consistency Delicate, Delicate, Delicate, Denser than the  Denser than the Delicate,
smeary smeary smeary control sample control sample smeary
View of Homogeneou Homogeneous Homogeneous Homogeneous Homogeneous Homogeneous
minced meat s structure structure structure structure structure structure
in a cut
Taste The taste is The taste is The taste is Barely A tangible taste The taste is
pleasant, pleasant, typical pleasant, typical perceptible of algae pleasant, typical
typical of of patés of patés taste of algae of patés
patés
Smell No foreign No foreign No foreign No foreign No foreign No foreign
smell smell smell smell smell smell

Samples 2, 3 and 6 are close in terms of
organoleptic characteristics to the sample of pate
without Chlorella (control). Based on the results of

the sensory analysis, a profilogram of patés with
Chlorella was constructed (Fig. 1).

Appearance

——Recipe 1
Control

—Recipe 2
0.5 % Chlorella

Recipe 3
1.0 % Chlorella

—Recipe 4
2.0 % Chlorella

——Recipe 5
3.0 % Chlorella

Recipe 6
suspension of live Chlorella

Consistency

T minced meat
inacut

Fig. 1. Organoleptic profile of patés with Chlorella compared to the control sample without Chlorella
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The samples of patés met the sensory
characteristics, colour and taste characteristics
were decisive in this study, and the samples of
paté with 0.5%, 1.0% Chlorella and with a
suspension of live Chlorella were the closest to the
control sample according to the above criteria.

When microalgae are added in powder form up
to 1.0 %, the colour of the paste turns light green
and does not affect the taste and smell.

For further laboratory tests, we chose patés
with a Chlorella content of 0.5 % and a suspension
of live Chlorella.

The results of the tests for protein and total ash
content are presented in Table 5.

There is a positive trend in the increase in the
amount of proteins, and an increase in the ash
content indicates enrichment with macro- and
microelements (Fig. 2).

Table 5

Content of mass fraction of protein and total ash in patés

Indicator Recipe 1 without Recipe 2 Recipe 6 suspension of live
Chlorella Control 0.5 % Chlorella powder Chlorella
Mass fraction of protein, % 15.39+0.1 15.69+0.1 15.61+0.1
Mass fraction of ash, % 1.29+0.076 1.44+0.076 1.53+0.076

Mass fraction protein, %

Recipe 6
suspension of live
Chlorella

Recipe 2
0.5 % Chlorella
powder

M Mass fraction
of protein, %

Recipe 1
without Chlorella

152 154 156 158

Recipe 6 suspension

Mass fraction of ash, %

of live Chlorella

Recipe 2
0.5 % Chlorella

powder B Mass fraction of ash, %

Recipe 1
without Chlorella

11 1,2 1,3 1,4 1,5 1,6

Fig. 2. Content of mass fraction of protein and total ash in pates

As can be seen from the table and figures, the
amount of proteins increased in the paste with
0.5 % Chlorella and with a suspension of live
Chlorella by 1.95 % and 1.43 %, respectively; the
content of total ash increased by 11.6 % and
18.6 %, respectively.

Not only is the supply of a certain amount of
essential components important, but also their
quality. Proteins play a vital role as they comprise
the major structural elements of all cells and
catalyze virtually all chemical reactions in the
body.

Biological value is a complex characteristic that
shows the quality of the protein components of a
product. The lower the coefficient of difference of

amino acid score (CDAS), the higher the biological
value of the protein in the product.

We calculated the biological value - the amino
acid score, and compared the degree of balance of
essential amino acids against the standard
proposed by the World Health Organization
(WHO) and the Food and Agriculture Organization
of the United Nations (FAO).

For the experimental patés with a Chlorella
content of 0.5 % (recipe 2), 1.0 % (recipe 3) and a
suspension of "live Chlorella" (recipe 6), the CDAS
coefficient, the utilization coefficient (U) and the
comparative redundancy of EAA (o) were
calculated (Table 6).

Table 6
Parameters of amino acid balance of pates
Aps Control " Recipe 2 Recipe 3 Recipe 6
FAO / WHO paté "For b.reakfast 0.5 % Chlorella 1.0 % Chlorella suspension of live
according to
Amino acid g/lOQ g DSTU 4432 powder powder Chlorella
?zr 8t1e11;1 Amino Amino Amino Amino
g /100 g acid score, g/100g acidscore, g/100g acidscore, g/100g acid score,
% % % %
Protein content,% 12.73 15.43 15.61 15.30
Valine 4.0 6.9 174.6 5.8 144.7 5.9 146.4 5.7 143.3
Isoleucine 3.0 4.6 152.1 4.8 159.1 4.8 160.1 4.7 158.2
Leucine 6.1 8.9 145.6 8.9 145.5 9.0 147.4 8.8 143.9
Lysine 4.8 7.9 164.0 9.3 193.5 9.4 195.1 9.2 192.2
Threonine 2.5 4.7 189.9 4.4 174.3 4.4 177.0 4.3 172.0
Tryptophan 1.0 1.3 140.9 1.8 176.8 1.8 179.8 1.7 173.4
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Continue the Table 6

Phenylalanine +

; 4.1 8.1 198.7 8.3 203.5 8.4 206.1 8.2 201.2
tyrosine
Methionine + 2.3 4.0 1743 3.6 155.8 3.6 157.8 3.5 154.1
cystine
Index of essential amino acids 1.66 1.68 1.70 1.66
Amount of essential amino acids, 466.1 4678 4732 4631
mg/g
Biological value, % 73.37 75.64 75.20 76.01
Coefficient of difference of amino
acid score (CDAS), % 26.63 24.36 24.80 23.99
Coefficient of utilization (U) 0.84 0.86 0.86 0.86
Coefficient of comparative
redundancy of essential amino 529 452 452 452

acids (o), g/100 g of reference
protein

Limiting amino acid score, % not available

not available not available not available

Replacing the ingredients in the recipe
according to DSTU 4432:2005 (control) and
adding Chlorella microalgae to the patés had a
positive effect on increasing lysine by up to 19 %
and tryptophan by up to 38 %. Lysine is involved
in the synthesis of proteins, hormones and
enzymes, promotes tissue regeneration, affects
growth, blood circulation, etc. Tryptophan
regulates protein synthesis in the liver and is a
precursor of biologically active compounds such
as serotonin, melatonin, tryptamine, and the
coenzymes NAD and NADP.

Liver and chicken meat are easily digestible
products that contain a significant amount of
proteins, iron, nitrogenous extractives, minerals
(potassium, calcium, zinc, copper, selenium, etc.),
vitamins A, C and B.

The CDAS coefficient shows the excess of
essential amino acids used for catabolic purposes
in the human body. In the developed patés, this

indicator is decreased by an average of 10 %
compared to the control sample. This
demonstrates a positive trend in the use of
essential amino acids for the body's nutritional
needs. The coefficient of utility and the coefficient
of comparative redundancy of EAA showed a
better balance of essential amino acids in the
developed patés [37].

The table shows that the amount of protein in
the developed patés increased by 20.2-22.6 %
compared to the control sample. Obviously, this
result is also due to the use of the microalgae
Chlorella, which contains up to 60 % protein in
terms of dry biomass.

Microalgae are known to be high in minerals.
The samples of patés were tested for macro- and
microelements, including the determination of
toxic elements Pb, Cd, Hg, As. The results are
presented in Table 7.

Table 7

Content of macro- and microelements in ready-made pates

Recipe 1, without Chlorella,

Recipe 2, Recipe 6, suspension of live

Chemical element Control 0.5 % Chlorella powder Chlorella
content, mg/kg
Na 2531.98 3117.88 3286.42
K 2125.154 2235.77 2244.20
Mg 213.33 236.704 183.77
Ca 108.948 127.029 90.481
Fe 48.462 41.854 27.715
Zn 11.668 11.468 14.669
Cu 1.076 1.124 0.874
Mn 1.076 1.202 2.185
Cd 0.153 0.031 0.031
Pb 0.092 0.092 0.092
Hg less than 0.001 less than 0.001 less than 0.001
As less than 0.001 less than 0.001 less than 0.001

The sample of paté containing 0.5 % Chlorella
powder (recipe 2) increased Ca by 16.6 %, Mg by
11.0 %, and Cu by 4.5 %.

In the sample of paste with a suspension of live
Chlorella (formulation 6), Zn was increased by
25.7 %, and Mn - by 203.0 % (a 2-fold increase).

Toxic elements (Pb, Cd, Zn, Hg, As) did not
exceed the maximum permissible levels in
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accordance with the requirements of regulatory
documents. The study revealed a significant
decrease in the amount of Cd in the experimental

patés with the microalgae Chlorella. Fig. 3 shows
the results of comparative studies of pates for
Cd (II) content.
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=< 01

g’ 0,08

0,06
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0,02
0

Recipe 1 without
Chlorella

0.5 % Chlorella

Recipe 2 Recipe 6
suspension of live

powder Chlorella

0,153

|lCd

0,031 0,031

Fig. 3. Cd content in patés, mg/kg

In the samples of patés using microalgae, a 5-
fold reduction in Cd (II) compared to the control
sample (recipe 1) demonstrates the ability of
Chlorella to cleanse natural environments and
remove toxic elements from the cycle of
substances, which has been repeatedly reported in
the literature [38; 39].

Conclusions

According to the results of the research, it can
be concluded that meat patés with Chlorella
microalgae have a great advantage over
traditional food due to their enrichment with
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