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Annotation

The analysis of scientific and technical information on the determination of the chemical composition of pumpkin
seeds fractional products is carried out. Recommendations on the use of pumpkin seeds fractional products in food
products are given. A set of methods for determining the quality of pumpkin seeds and its fractional products is
substantiated. The technological scheme of complex processing of pumpkin seeds is developed, the main elements
of which are pressing of seeds and fractionation of crushed cake. Target products were obtained in the amount of:
oil - 34 %, flour - 5 %, protein powder - 15 %, fiber - 46 %. The energy and biological value of the obtained
fractions is calculated. The fatty acid composition of pumpkin oil and its ratio of fatty acids SFA : PUFA : MUFA =
10:38:42, indicating the feasibility of recommending pumpkin oil as a source of mono- and polyunsaturated fatty
acids, are determined. The amino acid composition of protein powder is established, the content of all essential
amino acids is proved, which characterizes its high biological value. According to the results of toxicological and
microbiological tests of laboratory samples of pumpkin seeds fractional products, a high level of safety of these
products has been established. Organoleptic and physico-chemical quality parameters of the obtained samples are
determined, which meet the established norms for the analogous products and also testify to the high quality of the
food products made by the suggested method. It is recommended to use the obtained products as independent in
the diet of people and farm livestock or as supplements of traditional dishes or foodstuffs to enrich the nutrients
and essential substances of human diets and foodstuffs for poultry, fish and domestic animals.

Keywords: pumpkin seed fractions; pumpkin oil; pumpkin seed flour; pumpkin seed protein powder; cellulose; functional
products.
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AHoTariqa

IIpoBeseHO aHa/Ii3 HayKOBO-TexHi4YHOi iHdopmanii moA0 NMUTaHb BU3HAYEeHHA XiMIiYHOro ckjaagy ¢pakumiiHux
NPOAYKTiB 3 HaciHHA rap6y3a. HaBeseHo pekoMeHAanii 3 BUKOPpUCTAaHHA ¢ppaKkuiiHUX NPOAYKTIB 3 HACiHHA rap6ysa
y CKJaji xapuyoBoi NpoAyKLii. OGrpyHTOBAaHO KOMILJIEKC METOAUK 3 BU3HAYE€HHS SAKOCTi HaciHHs rap6y3a Ta ioro
dpakuiiiHux npoAyKTiB. Po3p061eHO TeXHOJIOTIYHY cXeMy KOMILJIEKCHOI IepepoGKH HaciHHs rap6y3a, OCHOBHUMH
eJleMeHTaMH fAKOI € IpecyBaHHs HACiHHA Ta ppaKkuioHyBaHHS NOApiGHEeHOI MaKyxH. Oep>KaHo Li/1bOBi NPOAYKTH y
KisibKOCTi: osis - 34 %, 6opomHO - 5 %, mpoTeiHOBUiI mopomok - 15 %, kiiTkoBuHa - 46 %. Po3paxoBaHo
eHepreTU4Hy Ta 6iosoriuyHy LiHHiCTh oAepkaHUX ¢Ppaxiiil. BusHaueHO: }KUPHOKMC/JIOTHUI CKJIaj rap6y3oBoi oJii,
CHiBBiAHOIEHHA XKUPHUX KUCAOT Y sKii ckiaagae HXKK : THXKK : MHXKK = 10 : 38 : 42, 10 cBif4UTh NPO AOLIJIBHICTD
peKoMeHAyBaTH rapGy3oBYy oJIil0 SK /[)Kepej0 MOHO- Ta MNOJIiHEHAaCHYeHUX >XUPHUX KHUCJOT. BcraHoBJ/IeHO
aMiHOKMC/IOTHHUI CK/IaA NPOTEIHOBOr0 MOPOLIKY, J0BEeAEHO BMICT yCiX He3aMiHHMX aMiHOKHCJIOT, II0 XapaKTepPHU3ye
Horo BHCOKY O6iosioriyHy UiHHiCTb. 3a pe3yJbTaTaMM TOKCHUKOJIOTiYHHUX Ta MiKpOG6GioJIOTiYHMX BUNPOOGYBaHb
Ja6opaTopHUX 3pa3KiB ¢pakuiiiHUX NPOAYKTIiB 3 HaciHHA rap6y3a BCTaHOBJIEHO BHUCOKHMU piBeHb Ge3me4HOCTi
JAaHUX NPOAYKTiB. Bu3HaueHo opraHosienTU4YHi i ¢i3Mko-XiMiuHi NMOKa3sHUKM SKOCTi OJepKaHMX 3pa3KiB, fKi
BiANOBiJal0Th BCTAHOBJIEHMM HOpMaM AJIs1 aHAJIOroBoi NPOAYKIii i TaKoXK CBifYaTh NPO BUCOKY AKiCTh Xap4oBoi
NpOAYKIii, iKa BUTOTOBJ/IEHA 3alIPONIOHOBAHMM CIIOCOGOM.
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OpepxaHi NPOAYKTH PEKOMEHJOBAHO BXKUBAaTU fAK CaMOCTiHHI HNpPOAYKTHM B palioHi JH0AUHM a6o0 TBapHH
depmepcbKUX YU NMPUBATHUX TOCHOJApPCTB, a60 B SKOCTI JONOBHIOBAYiB TpajULiHHUX CTpaB, a60 Xap4O0BUX
NPOAYKTIB /i/is 36arayeHHs Ha KOPUCHI Ta ecceHLlia/IbHi pe4YOBUHM PalliOHiB XapuyyBaHHA JW0Ael Ta KOMGiKOopMiB
JAJISl ITaxa, pyu6H i JoMalIHiX TBapyH.

Karuosi caoea: dpakuii HaciHHA rap6y3a; rap6y30Ba oJ1isl; 60POIIHO HACiHHA rap6y3a; NpoTeiHOBUM MOPOUIOK 3 HACIHHSA
rap6ysa; KJiTKOBUMHA; QYHKIIOHAAbHIN NPOAYKTHU.
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AHHOTanuga

IlpoBeseH aHa/M3 HAYYHO-TEXHMYECKOH HHPOpManMM 0O BONpOcaM omnpejeleHHs XUMHYECKOro COCTaBa
dpaknMoHHBIX NMPOAYKTOB U3 CeMAH THIKBBI. IIpuBeAeHbl peKOMeHJAIUMU NO HCHOJb30BaHMI0 (pPaKIUOHHBIX
NPOAYKTOB M3 CeMsAH TBHIKBBI B COCTaBe NMHIEBOI NpoAayKnuu. OGOCHOBAaH KOMILIEKC METOAMK oOmpejesieHHus
KayecTBa ceMsAH THIKBbI U ee (pPaKIMOHHBIX NPOAYKTOB. PaspaGoTaHa TexXHo/IOrH4ecKas cxeMa KOMILJIEKCHOM
nepepaGoTKH CeMAH TbIKBbI, OCHOBHBIMM 3JIeMEHTaMH KOTOpPOil fABJAIOTCSI NpeccoBaHMe CeMAH M
dpaknnoHMpoBaHue U3MeTbYE€HHOTO0 KMbIxa. [lo/1ydeHsbl DeJieBble NPOAYKTHI B KoJiM4ecTBe: Macio - 34 %, MykKa -
5 %, NpOTeNHOBBII NOPOLOK - 15 %, k1eTyaTKa - 46 %. PaccuuTaHa sHepretuyeckas U 6M0J0ruyecKasi LeHHOCTb
noJiydyeHHbIX ¢paxkunuil. OnpepesieHO: XKMPHOKHUCJOTHBIA COCTAaB TBHIKBEHHOr0 Mac/a, COOTHOIIEHHE >KHUPHBIX
Kucjaor B kotopoMm cocraBisier HXKK : ITHKK : MHXKK = 10:38: 42, 4yTo CBHJETE/NbLCTBYeT O 1€1€CO06pa3HOCTHU
pPeKOMeHAOBaTh ThIKBEHHOE Mac/J0 KaK MCTOYHMK MOHO- U NMOJIMHEHACBIIeHHbIX KMPHbIX KMC/IOT. YCTaHOBJIEH
AMUHOKMC/IOTHBIN COCTaB NPOTEHMHOBOro MOPOIIKA, AOKA3aHO coJepiKaHue BceX He3aMeHUMbIX aMUHOKHCIIOT, YTO
XapaKTepu3yeT ero BbICOKYI0 OHOJIOTHYECKYI0 ILeHHOCTb. Ilo pesyjibTaTaM TOKCHKOJOTMYECKMX M
MHKPOOHOJIOTHYECKUX MCOBITAHMN J1aG0paTOpPHBIX 06pa3noB (PaKIMOHHBIX NPOAYKTOB H3 CEMAH ThIKBBI
YCTaHOBJIEH BBICOKHH YpOBeHb 6e30MaCHOCTH AAHHBIX NPOAYKTOB. OnpejesieHbl opraHoJjienTuyeckue U GpU3sNKo-
XUMHYecKHe NoKa3aTe/ M Ka4ecTBa NoJIy4YeHHbIX 06pa3LoB, KOTOPble COOTBETCTBYIOT yCTaHOBJIEHHBIM HOpMaM AJIA
AQHAJIOTOBOM NPOAYKIUHM U CBHAETEJbCTBYIOT O BBICOKOM KayecTBe MNMINEBOH NPOAYKIMH, HM3rOTOBJEHHOM
npeAoKeHHbIM crioco6oM. IlolyyeHHble NPOAYKThI PEKOMEHAYeTCs YNOTpeG/IaTh B KayeCcTBe CaMOCTOATE/TbHBIX
NPOJYKTOB B paljiOHe 4YeJiOBeKa MJIM >KUBOTHBIX ¢epMepcKHUX, WJIM 4YaCTHbIX XO034HCTB, WJIM B KayecTBe
JONOJIHUTe/Iell TPaAMIMOHHBIX GJII0J WM NMUILEBBIX NPOAYKTOB JAJA 06GOralleHHsA MOJIE3HBIX M 3CCEeHIUATbHBIX
BellleCTB PallMOHOB MMTAHUs JI0AeH U KOMGUKOPMOB AJISl ITHULbI, PbIGhI U AOMALIHUX }KUBOTHBIX.

Katouegoie cn08a: Ppakuuu ceMsiH ThIKBbI; THIKBEHHOE MacJIo; MyKa U3 CeMsIH ThIKBBI; IPOTEMHOBBIN MOPOIIOK U3 CEMSH
TBIKBbI; KJIeTYaTKa; QyHKIMOHANbHbIE TPOJYKTHI.

Introduction

Diseases caused by a deficiency of nutrients
pose a threat to many countries of the world.
First of all, this concerns the population of
developing countries, then developed countries
are next in line, because due to oxidative stress,
most substances are poorly absorbed. In addition
to people, pets, fish and poultry on farms also
suffer from a lack of nutrients, and their
processed products (semi-finished products of
varying degrees of readiness) and livestock (eggs,
milk, caviar) are of poor quality. Given the
inadequate nutrition of animals, meat and animal
products cannot meet the nutritional needs of
humans. Thus, the food chain seems to be
implemented, but in terms of quality it does not
meet the standards of rational and / or proper
nutrition. Due to the deficiency of vitamins,
minerals, protein-carbohydrate deficiency, the
number of chronic diseases of the majority of the
able-bodied population is growing, diseases of
the immune system occur, and this entails
complete or partial disability. In addition, poor
environmental friendliness of the regions

(pollution of the environment with harmful
substances) and a change in the lifestyle of the
population from active to sedentary and
increased stress activity are observed in Ukraine.

Reconsidering the dynamic development of
environmental management and the introduction
of "green" technologies into production, it
became known that the processing of agricultural
products should be aimed at maximizing the
storage of useful substances from all edible parts.
This applies not only to animal husbandry, but
also to crop production.

Therefore, industry scientists face a difficult
task to develop high-quality traditional products
with a certain chemical composition and good
physiological and technological properties for
sale to the population. It is believed that such
products should be affordable and palatable for
the majority of the population; should
complement the basic diets of all groups; should
have a scientifically based composition and
experimentally confirmed properties, and this,
above all, is the preservation and improvement of
health.
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Pumpkin is an annual plant. Pumpkin seeds
make up 0.75 % to 5.0 % by weight of the fruit.
The shape of the seeds is round and flattened.
The shell consists of two parts: the outer one is
woody, yellowish-white in color, which is easily
separated, and the inner one is membranous,
greenish-gray in color, tightly adjacent to the
embryo. Biological value and medicinal
properties have the kernel and its inner shell and
the husk of pumpkin seeds . There are varieties of
pumpkin, the seeds of which are not covered with
a hard shell, and such species belong to
gymnosperms [1].

Pumpkin - a berry that is gaining popularity
in any country of cultivation (China 7.8 million
tons / year; India 5.1 million tons / year; Russia
1.3 million tons / year; USA 1 million tons / year;
Mexico, Indonesia, Italy, Cuba, Turkey, Spain,
Egypt, South Africa - 0.4-0.65 million
tons / year). Ukraine ranks 4th on the list - 1.2
million tons / year [2]. Therefore, for Ukrainians,
pumpkin is one of the "superfoods" - a source of
functional and useful ingredients; a product that

is part of many dishes of national cuisine [1]. To
improve health, doctors and nutritionists
recommend consuming not only pumpkin pulp,
but also seeds, both in native form [3] and in the
form of fractional products: oil [4], meal, protein
powders (isolates, hydrolysates). protein [5]),
flour [5], pumpkin fiber. These products have
become interesting for research, because they
attract consumers with taste, texture, or
aftertaste, which is provided by food products
made by traditional technologies and to which
they are added as functional ingredients. To
emphasize the relevance and necessity of the
research, the authors' data were used [7], which
proved to improve the quality and increase the
physiological value of meat, milk, eggs of animals
and birds fed pumpkin waste.

Scientists [8;9] studied the chemical
composition of seeds of some pumpkin varieties
grown in Ukraine and considered to be the best
by taste and agro-technological properties (Table
1).

Table 1
Chemical composition of seeds of some of the best varieties of pumpkin grown in Ukraine
Name of indicator «Stolovyy zimhiy»  «Vitaminnyy» «Holonasinnyy»
Moisture,% 6.36 6.45 6.82
Protein,% 31.36 34.03 35.26
Lipids,% 28.42 29.19 31.79
Carbohydrates,%, including 30.82 26.19 21.39
cellulose 17.25 19.82 4.22
soluble sugar 13.57 6.37 17.17
Minerals,% 3.04 4.14 4.74
Mass fraction of protein fractions,%
Albumins 25.2 25.5 27.2
Globulins 42.8 46.5 48.3
Glutelins 21.8 19.3 19.9
Insoluble proteins 10.2 8.7 4.6
Vitamins, mg/100 g
Pyridoxine (B6) 0.71 0.76 0.78
Riboflavin (B2) 0.34 0.32 0.36
Thiamine (B1) 0.22 0.23 0.24
a-tocopherol 26.72 27.44 29.88
[-carotene 3.94 4.05 4.49
Macroelements, mg/100g
Potassium 536.74 675.95 924.15
Calcium 289.44 346.98 380.48
Magnesium 345.34 350.78 507.64
Sodium 14.96 14.21 16.03
Phosphorus 1388.26 1946.65 2292.15
Microelements, mcg / 100g
Iron 6210 6540 8220
Manganese 2730 3120 3740
Copper 960 980 1460
Zinc 6540 6980 8330

The data in Table 1 show that pumpkin seeds
are indeed a valuable source of functional food
ingredients: protein, lipids, fiber, vitamins and

minerals. Similar data and proven benefits of
pumpkin seed consumption have been obtained
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in other countries (Chao, Tian 2022; Amin, Rity et
al. 2020; Saleh et al, 2019; Veronezi, Jorge, 2012).

According to pharmacologists [10; 11],
pumpkin seeds are biologically active
supplements, the use of which reduces the risk of
inflammatory processes and gastrointestinal
ulcers.

Ukrainian and foreign scientists are studying
the use of new raw materials from pumpkin
seeds in the technology of functional foods. Thus,
Indonesian scientists have developed a recipe for
spaghetti with a content of pumpkin seed flour -
54 % [12]; Indian researchers have proposed the
use of flour as a protein supplement in bread and
cookies [13]; Poltava University of Economics
and Trade has developed a recipe for cakes from
substituting 20 % of wheat flour for pumpkin
seed flour [14]; to stabilize the quality of bread by
Korshenko LO the composition of a baking
improver using pumpkin flour was created and
described [15].

Bachynska Ya. proposed the use of pumpkin
seed meal in the amount of 2.76 % by weight of
wheat flour for the production of sugar cookies in
order to expand the range of confectionery
products of high biological value and low-calorie
products [16]. Confectionery in Lviv was
enriched with powder from dried pumpkin
softness [17].

Scientists of the National Academy of Agrarian
Sciences of Ukraine [18] developed a recipe for
cooked sausages with the addition of fatty oil
from pumpkin seeds as a natural component in
multifunctional compositions that increase the
stability of the product during storage and
increase its shelf life by 2-3 days; believe that the
antioxidant and antibacterial action of the oil
provide tocopherols, carotenoids, phospholipids,
vitamins that are part of it.

In the absence of the required amount of
dietary fiber in foods, including chips, scientists
at the National University of Food Technology,
improved the recipe for molded potato chips
using pumpkin seed cake for people suffering
from gastrointestinal diseases and needing low-
calorie foods [19].

Fractional pumpkin products do not contain
gluten, which allows them to be consumed by
patients with gluten enteropathy and diabetes
[20; 21]. The prevalence of gluten enteropathy
among adults in most countries is 1: 100-1: 300,
among children: in Europe 1:184, in Russia
1:1000 [22]. There are almost no official
statistics in Ukraine, but doctors say that there is
a steady trend of increasing the number of

children with celiac disease [23]. Therefore, the
need for gluten-free products is quite high.

The analysis of scientific literature and patent
information shows that the chemical composition
of pumpkin seed products is not sufficiently
studied, so we conducted a set of studies to
determine the quality of pumpkin seeds of
domestic varieties.

Methods of experimental research

Determination of the amount of protein was
carried out in accordance with DSTU ISO 5983:
2003 "Animal feed. Determination of nitrogen
content and calculation of crude protein content
by the Kjeldahl method".

Determination of the amount of fat was
carried out in accordance with DSTU ISO 6492:
2003 "Animal feed. Determination of crude fat
content by organic solvent extraction".

Determination of the amount of fiber was
carried out in accordance with DSTU ISO 6865:
2004 "Animal feed. Determination of crude fiber
content by the method of intermediate filtration".

The mass fraction of carbohydrates is
determined by the calculation method.

The energy value of food is determined by the
calculation method.

The fatty acid composition of pumpkin seed oil

is determined in accordance with GOST 30418-96
"Vegetable oils. Method for determining the fatty
acid composition". The solution of methyl esters
of fatty acids was used for chromatographic
analysis according to DSTU ISO 5508-2001
"Animal and vegetable fats and oils. Analysis by
gas chromatography of methyl esters of fatty
acids (ISO 5508: 1990, IDT)". Detection of fatty
acids was performed on a gas chromatograph
"Agilent 7890" made in the USA. Identification of
fatty acids was performed by comparing their
retention time with known samples. The content
of fatty acids is calculated as a percentage of their
total amount. Chromatograms were recorded and
processed using HP ChemStation software.

The content of vitamin E in pumpkin oil is
determined in accordance with DSTU EN 12822:
2005 "Food products. Determination of vitamin E
content by  high  performance liquid
chromatography "a", "B"-, "y"- "5"-
tocopherols".

and

The content of vitamin A in pumpkin oil is
determined in accordance with DSTU EN 12823-

2: 2006 "Food products. Determination of
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vitamin A content by high performance liquid
chromatography. Part 2. Determination of [-
carotene content”.

The quantitative amino acid composition of
pumpkin seed protein was determined by ion-
exchange liquid column chromatography on an
automatic amino acid analyzer T 339 (Czech
Republic). For the separation of amino acids used
fine-grained cation exchangers (resins), which
are a copolymer of styrene and divinylbenzene
spherical shape with a functional group -SO3-.
The method of hydrolysis with hydrochloric acid
was used to prepare the samples. To separate the
amino acid mixture on the column, the cation
exchanger is pre-equilibrated with a lithium
citrate buffer solution.

To calculate the number of amino acids in the
test sample, a standard mixture of amino acids
with a known concentration of each amino acid
was previously applied to the column of the
automatic amino acid analyzer. The peak area of
each amino acid was calculated on the
chromatogram.

Determination of mycotoxins and pesticides in
protein powder from pumpkin seeds was carried
out in accordance with GOST 28001-88 "Grain
feed and products of its processing, feed. Methods
for determination of mycotoxins: T-2 toxin,
zearalenone (F-2) and ochratoxin A (Grain for
feed, products of its processing, feed. Methods for
determination of mycotoxins: T-2 toxin,
zearalenone (F-2) and ochratoxin A)"; DSTU ISO
6651: 2003 Animal feed. Determination of
aflatoxin B1 content.

The content of organochlorine pesticides (y-
HCCH, 4.4' DDE, 4.4' DDD, 4.4' DDT) was
determined according to GOST 13496.20-2014
“Interstate standard for feed, compound feed,
compound feed raw materials. method for
determining the final quantities of pesticides”.

The determination of the number of bacteria
of the group of Escherichia coli was carried out in
accordance with DSTU 7469:2013 “Fodder flour
of animal origin. Methods of bacteriological
analysis”.

Determination of the number of pathogenic
microorganisms, including Salmonella according
to DSTU EN 12824:2004 “Microbiology of food
and animal feed. Horizontal method for the
detection of Salmonella (EN 12824:1997, IDT)".

Determination of the amount of molds and
yeast fungi was carried out by DSTU ISO
7954:2006 “Microbiology of food and animal
feed. General instructions for counting yeasts and

microscopic fungi. Technique for
colonies cultured at 25 °C”.

Determination of color, smell, taste of flour,
fiber, protein powder from pumpkin seeds was
carried out organoleptically according to GOST
27558-87 “Flour and bran. Methods for
determining color, smell, taste and crunch”.

Determination of transparency, color, smell,
taste of pumpkin seed oil was carried out
organoleptically according to GOST 5472-50
“Oils. Determination of smell, color and
transparency”.

The mass fraction of moisture and volatile
substances in flour, fiber, protein powder from
pumpkin seeds was determined according to
DSTU 7621:2014 “Products of vegetable protein
origin. Cakes and meal. Method for determination
of moisture content and volatile substances”.

The mass fraction of fat in flour, fiber, protein
powder from pumpkin seeds was determined
according to DSTU 7458:2013 “Plant protein
products. Cakes and meal. Method for
determination of fat content”.

Determination of acid number (AN) in flour,
fiber, protein powder from pumpkin seeds was
carried out according to DSTU 4350:2004 “Oils.
Methods for determining the acid number.

The content of crude protein in flour, fiber,
protein powder from pumpkin seeds was
determined according to DSTU ISO 5983:2003
“Animal feed. Determination of nitrogen content
and calculation of crude protein content by the
Keldahl method”.

The content of crude ash in flour, fiber, protein
powder from pumpkin seeds was determined
according to DSTU ISO 5984:2004 “Animal feed.
Determination of raw ash content”.

The content of crude fiber in flour, fiber,
protein powder from pumpkin seeds was
determined according to DSTU ISO 6865:2004
“Animal feed. Determination of crude fiber
content by intermediate filtration method”.

Purity, pest infestation of flour, fiber, protein
powder from pumpkin seeds was determined
according to DSTU 4138-2002 “Seeds of
agricultural crops. Methods for determining
quality”. Acid number was determined according
to DSTU 4570:2006 “Vegetable fats and vegetable
oils. Method for determining the acid number”.
The peroxide value of the oil was determined by
DSTU 4570:2006 “Vegetable fats and oils. Method
for determining the peroxide number”.
Determination of phosphorus-containing
substances - according to DSTU 7082:2009 “Oils.
Methods for determining the mass fraction of
phosphorus-containing substances”. Determi-

counting
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nation of the mass fraction of non-fat impurities -
according to DSTU ISO 663-2003 “Animal and
vegetable fats and oils. Determination of the
content of insoluble impurities (ISO 663:2000,
IDT)”. Determination of the mass fraction of
moisture and volatile substances according to
DSTU 4603:2006 “Oils. Methods for determining
the mass fraction of moisture and volatile
substances”. Determination of anisidine number
according to DSTU ISO 6885-2002 Animal and
vegetable fats and oils. Determination of the
anisidine number. Determination of iodine
number according to DSTU ISO 3961:2004
“Animal and vegetable fats and oils.
Determination of iodine number”.

Results and discussion

The general technological scheme of obtaining
fractional products from pumpkin seeds is shown
in Fig. 1.

To obtain pumpkin seed oil, press the seeds on
a press at a temperature not exceeding 50 ° C. A
by-product of degreasing pumpkin seeds is cake,
which is ground in a mill. The crushed cake is
sifted on a vibrating screen, as a result of sieving
fractions are obtained: flour, protein powder,
fiber, which are different in size and chemical
composition. After processing pumpkin seeds, the
target products are obtained in the amount of: oil
- 34 %, flour - 5 %, protein powder - 15 %, fiber
- 46 %.

To assess the quality of fractional products of
pumpkin seed processing, it is necessary to
conduct the following studies.

Determining the amount of proteins, fats,
carbohydrates, fiber, caloric content of fractional
products from pumpkin seeds. The data are given
in Table 2.

Qumpkin seed>
v

Pressing (t=40-50°C)

!

Filtration

Grinding

v

Screening

Pumpkin seed flour

Pumpkin seed protein

Pumpkin seed fiber

Fig. 1. General technological scheme of pumpkin seed processing

Table 2
XapyoBa Ta eHepreTH4YHa LiHHiCTh PpaKiiHUX NPOAYKTIB rap6y30BOro HaciHHs
Quality indicator in 100 g of product
oil protein powder flour cellulose
Energy value, k] / kcal 3747/896 1555/372 1396/334 1338/320
Proteins, g 0 61+63 39+40 44+46
Carbohydrates, g 0 11+12 19+21 15+16
Fats, g 99.5+99.6 7+8 9+10 7+8
Fiber, g 0 9+10 12+13 30+32
Table 2 shows that: composition and pesticide content were

- the main content of oil are fats, which were
analyzed for fatty acid composition, which is
presented in Table 3;

- protein powder in the predominant amount
contains proteins, in which the amino acid

determined, which are presented in Table 5 and
Table 6;

- flour contains a significant amount of
vegetable protein and a relatively low amount of
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fiber, which allows you to use it to enrich
vegetable protein bakery products;

- fiber is mainly represented by proteins and
fiber, which makes it a unique supplement in a
healthy diet.

Fatty acid and vitamin composition of
pumpkin oil was studied by chromatography of

samples. The results are given in Tables 3 and 4.
Table 3
KupHOKHUCIOTHUH cK/1aJ, 0J1ii rap6y30Boi

Table 3 shows that the ratio of fatty acids is
SFA: PUFA: MUFA = 10:38:42. According to
researchers, the optimal ratio of fatty acids in the
daily diet is 20 :55: 25 [24], according to WHO
experts, the recommended rational fat
component in equal amounts of fatty acids,
namely: SFA:PUFA:MUFA = 1:1:1 [25]. The
human diet is mostly saturated with saturated
fatty acids, which leads to cardiovascular disease,
so it is important to consume pumpkin oil, rich in

Fatty acids in 100 g of product .
Saturated (SFA), g <10 fatty acids MUFA and PUFA.
Monounsaturated (MUFA), g 37.0 - 38,0
Polyunsaturated (PUFA), g 41.0-42.0

Table 4

The composition of fat-soluble vitamins in pumpKkin oil

Name in 100 g of product daily requirement of the human body, mg / day
Vitamin E, mg 15.0-16.0 12.0-15.0
Vitamin A, mg 1.2-1.3 09-1.0

The vitamin composition of the oil contains a
sufficient amount of vitamins E and A, which is
equivalent to the recommended daily allowance
of specialists [26] if a person consumes
100 g / day of oil. Of course, this is a large portion
for daily consumption, but it is known that these
vitamins a person receives from other foods and
increased content in the diet of pumpkin oil is
possible only in conditions of malnutrition.

In the laboratory, the shelf life of pumpkin
seed oil extracted by the above method is set.
Shelf life is 7 months under conditions of storage
in a container that does not transmit sunlight in
rooms at a temperature not exceeding +20 °C;
after opening, it is recommended to use the

product for 30 days if stored at a temperature of
0-8 °C. These data need to be clarified in terms of
improving the extraction method and packaging
conditions, as there are analogues that allow to
obtain a product with longer shelf life and storage
conditions that do not require cooling after
opening the packaging unit, but involve more
specialized equipment.

The amino acid composition of protein
powder obtained by fine grinding of low-fat
pumpkin seeds was established. Data from
chromatographic examination of samples are
presented in Table 5 together with a comparison
with the "ideal" protein.

Table 5

Amino acid composition of protein powder from low-fat pumpkin seeds

Amino acid content, g / kg

Amino acid content, g / kg of "ideal

Name in protein powder protein” (FAO / WHO standard)
essential amino acids
Valine 25.77 50
Isoleucine 9.98 40
Leucine 37.59 70
Lysine 14.29 55
Methionine 6.77 35
Threonine 31.01 40
Phenylalanine + Tyrosine 42.23 60
Tryptophan *11.0 10
Replaceable:
Alanine 16.60 -
Arginine 50.98 -
Aspartic acid 24.94 -
Histidine 4.64 -
Glycine 39.13 -
Glutamic acid 66.78 -
Proline 31.00 -
Serine 14.36 -

*it is impossible to analyze the content of tryptophan in Ukraine in the absence of equipment; according to literature sources,
the content of tryptophan in pumpkin seeds is known [27]
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The International Organization for Nutrition
and Agriculture at the UN (FAO / WHO) has
established the composition of amino acids in
100 g of "ideal" protein. According to the
FAO/WHO methodology, the biological value of
food proteins is determined by a method based
on comparing the amino acid composition of the
protein under study with the composition of the
ideal protein [28].

The data presented in Table 5 indicate that the
protein powder from pumpkin seeds contains the
entire complex of amino acids, including essential
ones, characterizing its high biological value, but
in a smaller amount of ~ 50 % compared to the
"ideal" protein. This allows us to recommend the
consumption of protein powder from pumpkin
seeds in its pure form (dry drinks, cocktails), as a
component in salads, dressings in salads,
components of sauces for desserts and sweet
dishes, replacement of flour for bread, bakery,
flour confectionery and culinary products, as well
as an ingredient in meat, vegetable, fish fillings,
cream soups and puree soups, pastes, including
legumes.

The proposed methods for enriching classic
dishes and food products will improve the diets
of those, who actively consume plant foods or
suffer from a number of diseases, in which it is
necessary to limit the amount of consumption of

animal proteins.
Table 6
The content of mycotoxins in protein powder
from pumpkin seeds

Actual value,

Name mg / kg Norm, mg / kg
Zearalenone not found 0.5
Aflatoxin B1 0.002 0.01

y-HCCH not found 0.5
Heptachlor not found not allowed
4.4 'DDE not found 0.05
4.4'DDD not found 0.05
4.4'DDT not found 0.05
Dichlorphos not found 0.02
Metaphos not found 0.5

Pumpkin seed protein powder is one of the best
adaptive foods for a plant-food transition.

The content of mycotoxins in protein powder
from pumpkin seeds was determined, the data of
which are presented in Table 6.

Based on the data in Table 6, we can see that
the content of mycotoxins in the test sample
meets the requirements of regulatory documents.
And these data are important because they prove
the safety of soils and methods of their
preparation for growing pumpkins, that is, they
emphasize the need to increase the yield in this
particular area, which is a strategically important
fact for the development of the outlined region.

The agricultural technologies used prove the
need to scale them up to obtain healthy food
products.

Under laboratory conditions, the shelf life of
protein powder from pumpkin seeds has been
established. It is 6 months when stored in dry,
well-ventilated rooms, protected from sunlight at
a temperature not exceeding 20..25°C. The
period of consumption after opening the package
should not exceed 60..70 days when stored
under the same conditions as the packaged
unopened product. This became useful when
choosing a packaging unit and its materials. It is
recommended to pack the product in consumer
containers or packaging: jars made of polymeric
materials with a net weight of 500 to 1000 g with
a screw-on lid and an insert made of materials
that prevent the penetration of moisture from the
air or sealed with a metallized film (aluminum
foil); in paper bags weighing from 400 to 1000 kg
with a polyethylene layer from the ingress of
moisture from the air with a "ZIP" fastener and
metallized bags made of combined material with
a "ZIP" fastener.

According to available information, pumpkin
seed flour contains a complex of B vitamins,
vitamin C, carotenoids, macro- and
microelements (K, Ca, P, Mg, Zn), dietary fiber.
The product normalizes metabolism, stimulates
the immune system, improves the functioning of
the main systems of the human body, primarily
cardiovascular, hematopoietic, and excretory. The
complex of vitamins and minerals increases
mental activity and physical activity [29; 30].

In laboratory conditions, the shelf life of
pumpkin seed flour is set at 12 months under
conditions of storage in dry, well-ventilated
rooms, protected from sunlight, at a temperature
of 20... 25 ° C. The shelf life after opening the
package should not exceed 180 days, provided
that it is stored in the same conditions as the
packaged unopened product.

Pumpkin seed fiber is recommended as a
physiologically active supplement to the human
diet to normalize fat metabolism and blood
cholesterol levels, to improve the general
condition of the body, normalize prostate
function, to prevent cardiovascular and nervous
system, normalize digestion and excretion toxic
substances from the human body [31].

People who are overweight can replace one
meal with pumpkin seed fiber, drinking plenty of
clean water. It is useful to add fiber to any dish
(sour milk and juice drinks) or use for breading;
possible daily consumption as a substitute for
bread.
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In laboratory conditions, the shelf life of
pumpkin seed fiber is set at 12 months under
conditions of storage in dry, well-ventilated
rooms, protected from sunlight, at a temperature
of 20..25°C. The shelf life after opening the
package should not exceed 180 days, provided
that it is stored in the same conditions as the
packaged unopened product.

A study to determine the content of
pathogenic microorganisms in oil, protein
powder, flour and fiber from pumpkin seeds. The
obtained data indicate the absence of pathogenic

microorganisms and the amount of opportunistic
microflora that does not exceed the permissible
levels specified in the regulatory documentation
for this type of product.

Organoleptic and physicochemical indicators
of quality of fractional products from pumpkin
seeds are determined. According to organoleptic
quality indicators, the samples met the
requirements of regulatory documentation and
were recommended for quality control according
to the following indicators and characteristics

given in table. 7, 8.
Table 7

Requirements for organoleptic quality indicators of flour, fiber, protein powder from pumpkin seeds

Indicator

Characteristic

pumpkin seed flour

fiber from pumpkin seeds

protein powder from pumpkin seeds

Powdered mixture of

General view
homogeneous mass

Dry loose product without
dense lumps

Powdered mixture of fine particles

Color Yellow Dark yellow Yellow-green

Odour Inherent in pumpkin seed products, odorless

Taste Inherent in pumpkin seeds, without bitterness, acid and other foreign flavors

Table 8
Requirements for organoleptic quality indicators of pumpkin seed oil
Indicator Characteristics of unrefined oil
Transmittance Not transparent due to its dark color
Color From dark green to dark red

Odour and taste

Inherent in pumpkin seed oil, odorless, tasteless and bitter

According to physico-chemical seeds must meet the requirements presented in
parameters, fractional products from pumpkin table9, 10.
Table 9
Requirements for physico-chemical quality indicators of flour, fiber, protein powder from pumpkin seeds
HasBa nokasHuka Norm
flour cellulose protein powder
- - - 5
Mass fraction of moisture and volatile substances,%, 4.0 -8.0 40-80 40-80
not more than
Mass fraction of fat,%, on dry matter, no more than 11.0-17.0 7.0-9.0 6.0-7.0
1 in o
glle;s fraction of protein,%, on dry matter, not less 40.0 — 43.0 40.0 - 46.0 60.0 - 67.0
1 0,
g[le;s fraction of total ash,%, on dry matter, not more 50-70 40-6.0 6.0 - 8.0
- ——
Mass fraction of fiber,%, on dry matter, no more 14.0 - 16.0 30.0 - 32.0 70-90

than

Impurities

is not allowed

is not allowed

is not allowed

Infection with pests

is not allowed

is not allowed

is not allowed

Acid number of fat, mg KOH, no more 2.8 2.8 2.8
Table 10
Requirements for physico-chemical quality indicators of pumpkin seed oil
Indicator Norm
Acid number, mg KOH, not more than 1.5...6.0
Peroxide number, 6.0.10.0
% 0 mmol / kg, not more than (at the end of the shelf life) T
Mass fraction of phosphorus-containing substances,%, not more than 01
- in terms of stearooleolecithin 0 61
- in terms of P20s i
Mass fraction of non-fatty impurities,%, not more than 0.05...0.1
Mass fraction of moisture and volatile substances,%, not more than 0.15...0,2
Anisidine number, mind. units, not more than 3.0..4.0
Mass fraction of vitamin E, total mg / kg, not less than 150.0
Mass fraction of vitamin A, mg / kg, not less than 12,0
lodine number, gI2 / 100 g, not more than 108...110
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Conclusions

The analysis of scientific and technical
information on the determination of the chemical
composition of pumpkin seeds fractional
products is carried out. Recommendations for the
use of pumpkin seeds fractional products in food
products are given. According to the results of the
analytical study, a set of methods for determining
the quality of pumpkin seeds and its fractional
products is substantiated. The technological
scheme of complex processing of pumpkin seeds
is developed, the main elements of which are
pressing of seeds and fractionation of crushed
cake. Target products were obtained in the
amount of: oil - 34 %, flour - 5%, protein
powder - 15 %, fiber - 46 %.

The energy and biological value of the
obtained fractions is calculated.

The fatty acid composition of pumpkin oil and
its ratio of fatty acids SFA:PUFA:MUFA =
10:38:42, indicating the feasibility  of
recommending pumpkin oil as a source of mono-
and polyunsaturated fatty acids, are determined.

The content of fat-soluble vitamins in
pumpkin oil was determined, which corresponds
to the recommended daily allowance in case of
consumption of 100 g of oil per day. The amino
acid composition of protein powder is
established, the content of all essential amino
acids is proved, which characterizes its high
biological value. The results of toxicological and
microbiological tests of laboratory samples of
pumpkin seeds fractional products are given,
which established a high level of safety of these
products and recommended an increase in
pumpkin yield in this area.

Organoleptic and physico-chemical quality
parameters of the obtained samples are
determined, which meet the established norms
for the analogous products and also testify to the
high quality of the food products made by the
suggested method.

It is recommended to use the obtained
products as independent in the diet of people and
farm livestock or as supplements of traditional
dishes or foodstuffs to enrich the nutrients and
essential substances of human diets and
foodstuffs for poultry, fish and domestic animals.

The obtained results allowed to develop
technical conditions for new food products
(Pumpkin seed oil. Technical conditions TU U
10.4-39224310-004: 2019. Pumpkin seed flour,
pumpkin seed fiber, pumpkin seed protein
powder. Technical conditions. TU U 10.41 -
39224310-004: 2021), as well as to test the

technology in the production conditions of LLC
"Desnaland".
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