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ECOLOGICAL AND NUTRITIONAL JUSTIFICATION OF RECIPE COMPONENTS
FOR ANEW TECHNOLOGY OF MINCED FISH PRODUCTS

Purpose. To substantiate the use of pumpkin puree as a local vegetable raw material in the technology of
minced fish products from the perspective of human ecology, sustainable nutrition, food safety, and resource-
oriented restaurant production.

Methods. The study used an analytical review of current literature on sustainable healthy diets, dietary
fiber, bioactive components of pumpkin and quality of fish products; normative analysis of raw material require-
ments; technological modelling of the formulation; calculated assessment of nutritional and energy value; descrip-
tive organoleptic assessment of the experimental sample; and interpretation of microbiological indicators of the
finished dish. Traditional fish patties without pumpkin puree were considered as a recipe prototype; however,
quantitative experimental comparison with a control sample was not performed due to the lack of repeated primary
measurements.

Results. The addition of pumpkin puree to the formulation of minced fish products had technological,
nutritional, and preliminary Ecological significance. It increased the share of a locally available plant component,
formed natural colour, supported juiciness and soft texture, and supplemented the fish protein base with dietary
fibre, pectin substances, and carotenoids. According to calculated data for fish patties with pumpkin without potato
garnish, 100 g of product contained 4.06 g of protein, 9.80 g of fat, 0.98 g of carbohydrates, and 105.73 kcal. The
experimental sample had an even surface, an orange shade, homogeneous tender consistency, and a characteristic
fish taste with a moderate sweet pumpkin aftertaste. Microbiological indicators did not exceed established limits;
pathogenic microorganisms, including Salmonella spp., were not detected in 25 g of product.

Conclusions. The developed recipe and technological model can be considered a preliminary substantiated
direction for ecological and nutritional improvement of minced fish products. Its ecological interpretation is based
on the local origin of the vegetable raw material, the combination of animal and plant components, and the use of
gentle heat treatment. Further validation requires control experiments, statistically confirmed sensory assessment,
instrumental determination of quality indicators, and quantitative life-cycle-based environmental assessment.
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Introduction

Nutrition is one of the leading determi- local origin, energy efficiency of technological
nants of population health; therefore, current re- processes, and the potential to reduce excessive
search in human ecology increasingly considers resource use in food production are important.
a food product not only as an object of technol- The concept of sustainable healthy diets com-
ogy but also as an element of the “environment bines nutritional adequacy with minimization of
— food raw material — diet — health” system. the negative environmental impact of food syst
Within this approach, nutritional value, biolog- ems and with consideration of the socio-cultural
ical value, safety, raw-material accessibility, acceptability of products [1].
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According to WHO recommendations, the
diet of individuals older than 10 years should in-
clude at least 400 g of fruit and vegetables per day
and at least 25 g of naturally occurring dietary fi-
bre [2]. At the same time, actual consumer diets
often remain deficient in plant raw materials, die-
tary fibre, and products containing natural biolog-
ically active substances. This makes it relevant to
develop dishes in which an animal protein base is
combined with local plant components that can in-
crease the biological value of the product without
complicating the technology.

Fish raw material has high biological value
owing to complete protein, minerals, and the lipid
fraction. However, the current development of
aquatic food systems requires careful and rational
use of fish resources, the creation of products with
high added value, and the integration of fish prod-
ucts into healthy diets [3]. A promising direction
is the combination of a fish base with plant raw
materials that can perform technological, sensory,
and nutritional functions.

Pumpkin is a plant raw material widely cul-
tivated in Ukraine and available at a relatively low
cost. It contains dietary fibre, pectin substances,
vitamins, carotenoids, polyphenols, mineral ele-
ments, and other biologically active substances.
Current reviews highlight the potential of pump-
kin for creating new functional foods and for im-
plementing circular-economy approaches in food
production [4, 5]. Dietary fibre supplied by plant
raw materials affects the intestinal microbiota,
metabolic processes, and the risks of non-com-
municable diseases, thereby forming the medical
and ecological context of the study [6, 7].

A separate condition for the practical im-
plementation of such products is their sensory

acceptability. Modern sensory science regards or-
ganoleptic properties as a key link between the
technological parameters of a product, consumer
expectations, and actual food choice [8-10].
Therefore, when developing combined fish-and-
plant products, it is necessary to evaluate the rec-
ipe composition, technological feasibility, quality,
safety, and ecological interpretation of raw-mate-
rial use simultaneously.

An unresolved issue remains the scientific
substantiation of the use of pumpkin puree in
minced fish systems specifically from the per-
spectives of human ecology and sustainable nutri-
tion. Most existing studies primarily emphasize
technological or culinary advantages, whereas
ecologically and nutritionally oriented research
requires demonstrating the relationship between
the selection of raw materials, their safety, nutri-
tional value, and the environmentally oriented or-
ganization of nutrition.

The purpose of this study is to provide eco-
logical and nutritional justification for the use of
pumpkin puree as a local vegetable raw material
in the technology of minced fish products in order
to increase the nutritional value, sensory quality,
and safety of the finished dish in the context of
sustainable nutrition.

To achieve this purpose, the following
tasks were set: to substantiate the choice of fish
and vegetable raw materials; to develop a recipe
model for the dish “Fish patties with pumpkin”; to
evaluate the organoleptic properties of the experi-
mental sample; to determine calculated indicators
of nutritional and energy value; to interpret the mi-
crobiological indicators of the finished product;
and to identify directions for further ecological
validation of the technology.

Objects and Methods of the Study

The object of the study is the production
technology of minced fish products with the use
of pumpkin puree. The subject of the study is
the recipe composition, technological opera-
tions, organoleptic properties, calculated indi-
cators of nutritional value, and microbiological
safety of the finished dish. The experimental
sample is the recipe model “Fish patties with
pumpkin”. Traditional fish patties without
pumpkin puree were considered as the control
recipe prototype.

The methodological scheme of the study
included: 1) analysis of current sources on sus-
tainable nutrition, dietary fibre, biologically
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active substances of pumpkin, the quality of fish
products, and sensory evaluation; 2) normative
substantiation of the choice of raw materials; 3)
formulation development; 4) calculation of nu-
tritional and energy value; 5) descriptive organ-
oleptic evaluation; and 6) analysis of microbio-
logical compliance of the finished product. The
approach corresponds to the principles of com-
bining traditional and ecologically oriented an-
alytical procedures in food science [11] (fig. 1).
Pike perch, bulb onion, pork back fat,
garlic, pumpkin, table salt, ground black pep-
per, and butter were used to produce the exper-
imental samples. Raw-material quality was



ISSN 1992-4259 BichHuk XapKiBCKOr0 HaIlliOHAJILHOTO yHiBepcutery iMeHi B. H. Kapasina.

Cepist «Exomnoris». 2026. Bumnyck 34

Local raw
material

Recipe
modification

Quality and

safety

Validation:

Sustainable
nutrition

control,
statistics,
LCA

Fig. 1 — Conceptual scheme of ecological and nutritional justification for using pumpkin puree
in minced fish products

assessed according to current normative docu-
ments, in particular those regulating live fish,
pumpkin, salt, pepper, and butter [12-16] (table
1). Pumpkin puree was prepared by peeling the
pumpkin, cutting the pulp into cubes, steaming
it until softened, and grinding it to a homogene-
ous consistency. Steaming was selected as a
gentler method of vegetable raw-material prep-
aration compared with intensive frying. Organ-
oleptic evaluation was carried out according to
a descriptive scheme that considered appear-
ance, colour, consistency, aroma, and taste. The
results of organoleptic evaluation were inter-
preted as a descriptive profile of the experi-
mental sample. For further validation, sensory

evaluation of samples produced in several
batches is planned using a scoring scale fol-
lowed by calculation of mean values and confi-
dence intervals.

The nutritional and energy value was de-
termined by a calculation method based on the
recipe composition. The calculation was per-
formed for fish patties with pumpkin. Microbi-
ological indicators of the finished product were
interpreted using the data provided in the source
materials on the number of mesophilic aerobic
and facultative anaerobic microorganisms, coli-
form bacteria, Escherichia coli, Staphylococcus
aureus, Proteus, and pathogenic microorgan-
isms, including Salmonella spp.

Table 1

Normative characteristics of the main raw materials for the experimental sample

Raw material

Normative document

Key quality and safety indicators

Pike perch DSTU 2284:2010

Fresh fish with clean scales, clear
eyes, red gills, elastic muscles, and
a characteristic odour without for-
eign signs.

Pumpkin DSTU 3190-95

Fresh, whole, clean, mature fruits
without damage or foreign odour,
with typical colouring and a moder-
ately sweet taste.

Auxiliary raw

materials DSTU 4399:2005

DSTU 3234-95; DSTU 3233-95; DSTU
3583:2015; DSTU ISO 959-1:2008;

Compliance with organoleptic and
physicochemical requirements of

normative documents; absence of

foreign impurities, signs of spoil-

age, and uncharacteristic odour.

The ecological interpretation was per-
formed at the level of qualitative analysis and
included the locality and determination of en-
vironmentally safe cultivation conditions for
plant raw materials, the combination of

animal- and plant-based ingredients, the use
of gentle heat-treatment methods, and the po-
tential for reducing the proportion of ingre-
dients associated with higher resource inten-
sity.

Results of the Study

The recipe model was formed according
to the principle of combining a lean fish base
with a vegetable component that functions as a
natural structure-forming agent, a source of
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biologically active substances and dietary fibre,
and a sensory modifier. Pike perch is the main
protein component. Pumpkin puree was intro-
duced as a local vegetable additive capable of
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modifying the colour, consistency, and nutritional
profile of the product (table 2).

From an ecological perspective, the use of
pumpkin offers several advantages: the raw mate-
rial is widely cultivated in Ukraine, demonstrates
good storage stability, does not require complex
preliminary processing operations, can be used
seasonally or after short-term storage, and contrib-
utes to increasing the proportion of plant-based
components in the dish. Such an approach is con-
sistent with the modern perception of pumpkin as
a crop cultivated under environmentally safe con-
ditions that is important for food and nutritional
security [17], as well as with applied studies on the

use of plant raw materials in food technologies
[18, 19].

The technological process includes prepa-
ration of fish fillet and vegetable raw materials,
preparation of pumpkin puree, grinding of com-
ponents, formation of the minced mass system,
portioning, shaping of products, poaching, addi-
tion of butter, and service with a garnish. In the
new technology, pumpkin puree has a dual effect:
it acts as a structure-forming component of the
mince and increases the proportion of plant raw
material in the dish, enriching the final product
with biologically active substances. This makes it
possible to obtain a new product of enhanced bio-
logical value and high organoleptic quality.

Table 2

Recipe composition of the experimental dish “Fish patties with pumpkin”

Raw material Gross, ¢ Net, g
Pike perch 115 55
Bulb onion 5 4
Pork back fat 20.8 20
Garlic 1.3 1
Pumpkin 30 20
Table salt 1.3 1
Ground black 1.3 1
pepper
Semi-finished - 102
product mass
Finished patties - 112
mass
Garnish: - 150
mashed potatoes
Butter 10 10
Yield of the - 272
complete dish

The organoleptic indicators of the devel-
oped product show that pumpkin puree not only
enriches the recipe with a plant component but
also affects the visual and textural properties of
the product. The most noticeable effect is the for-
mation of a natural light-orange color, which in-
creases the visual attractiveness of the dish (tab.3).

The indicators of nutritional and energy
value are presented in Table 4. Pike perch is the
main source of protein in the developed prod-
uct; the fat fraction is formed mainly by pork
back fat and butter; and pumpkin provides the
addition of a plant component, dietary fibre, vit-
amins, and polyphenolic substances.

Table 3

Organoleptic profile of the experimental sample

Indicator Characteristic
Appearance The products have an even surface and retain a rounded shape; they are served with but-
ter.
Colour A light-orange or orange shade caused by the addition of pumpkin puree.
Consistency Tender, soft, and homogeneous; the product retains its shape when cut.
Aroma Characteristic fish aroma with light vegetable and spicy notes.
Taste Taste of the fish base with a moderate sweet pumpkin aftertaste.
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Table 4

Nutritional and energy value of fish patties with pumpkin per 100 g of product

Raw material Water, | Pro- | Fat, | Sugars, | Starch, | Dietary | Ash, | Energy value,
g tein, g g g g fibre, g g kcal (kJ)

Pike perch 1595 | 3.72 0.22 0.00 0.00 0.00 0.24 | 16.78 (70.23)
Bulb onion 1.26 0.02 0.00 0.07 0.01 0.02 0.01 | 0.60(2.51)
Pork back fat 0.42 0.18 6.54 0.00 0.00 0.00 0.01 | 58.60 (245.34)
Garlic 0.21 0.02 0.00 0.00 0.09 0.01 0.01 | 0.53(2.22)
Pumpkin 6.74 0.10 0.01 0.15 0.07 0.09 0.04 | 1.62(6.78)
Table salt 0.00 0.00 0.00 0.00 0.00 0.00 0.37 | 0.00 (0.00)
Ground black pepper | 0.34 0.00 0.00 0.02 0.00 0.00 0.00 |0.10(0.42)
Butter 0.58 0.02 3.03 0.03 0.00 0.00 0.01 | 27.50 (115.06)
Total 2550 | 4.06 9.80 0.27 0.17 0.12 0.69 | 105.73 (442.57)

The microbiological analysis demon-
strated that the number of mesophilic aerobic
and facultative anaerobic microorganisms in
the finished product was 1 x 10* CFU/g. Coli-
form bacteria, Escherichia coli, Staphylococ-
cus aureus, Proteus spp., and pathogenic mi-
croorganisms, including Salmonella spp., were

not detected within the established sample
masses. These results indicate that the experi-
mental batch complied with the basic microbi-
ological safety requirements, provided that ap-
propriate sanitary and hygienic conditions dur-
ing production and serving were maintained.

Discussion

The obtained results confirm that the ad-
dition of pumpkin puree to minced fish mass
has a complex effect. At the technological level,
pumpkin puree acts as a component that im-
proves water-holding capacity and contributes
to the formation of a tender consistency. At the
sensory level, it provides natural colouring and
a moderate sweet taste that does not conflict
with the flavour of the fish base. At the nutri-
tional level, pumpkin increases the biological
value of the final product by supplementing the
formulation with dietary fibre, pectins, and ca-
rotenoids, which is consistent with current evi-
dence on the functional potential of pumpkin
raw materials [4, 5, 17].

From the perspective of human ecology,
the key consideration is not the absolute in-
crease in a single nutrient, but rather the trajec-
tory of recipe modification through the combi-
nation of a complete protein base with locally
sourced plant raw materials under the applica-
tion of gentle technological processing regimes.

Such an approach is consistent with the concept
of sustainable nutrition, according to which a
food product should simultaneously be safe, nu-
tritionally adequate, consumer acceptable, and
resource-efficient [1, 2].

The practical significance of the results
lies in the possibility of adapting the dish for
restaurant enterprises that develop menus based
on local ingredients, functional products, and
more sustainable technological solutions. The
use of pumpkin as an accessible plant raw ma-
terial can be combined with current trends in
gastronomy, emotional attractiveness of dishes,
and the creation of competitive restaurant prod-
ucts [20, 21]. Consumer survey data on the ori-
entation toward healthy eating also support the
relevance of this direction [22-24].

Compared with traditional production
technology, the emphasis of the developed tech-
nology for minced fish products with pumpkin
is shifted from general restaurant innovation to
ecological and nutritional justification.

Conclusions

The ecological and nutritional significance
of the study was clarified: the use of pumpkin pu-
ree in minced fish products was substantiated as a
means of combining a protein-rich fish base with
locally sourced environmentally safe plant raw
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materials possessing technological, sensory, and
potential ecological value.

The developed recipe model for the dish
“Fish patties with pumpkin” involves the addition
of 20 g net pumpkin puree per portion. This pro-
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vides a natural light-orange colour, a soft homo-
geneous consistency, and a moderate pumpkin af-
tertaste without losing the character of the fish base.

The nutritional and energy value of the de-
veloped fish patties with pumpkin was deter-
mined. A 100 g portion of product contains 4.06 g
of protein, 9.80 g of fat, and 0.98 g of carbohy-
drates, with an energy value of 105.73 kcal.

The microbiological indicators of the ex-
perimental batch did not exceed established lim-
its: pathogenic microorganisms, including Salmo-
nella spp., were not detected in 25 g of product.
This confirms the possibility of safe production of
the dish, provided that sanitary and hygienic re-
quirements for production and sale are observed.

The proposed recipe model may be consid-
ered a preliminarily substantiated direction for the

ecological and nutritional improvement of minced
fish products.

Further scientific research will be aimed at
comprehensive verification of the ecological ad-
vantages of the proposed product, identification of
pathways and opportunities for obtaining certified
environmentally safe raw materials, statistical
processing of sensory and physicochemical indi-
cators, and quantitative assessment of the environ-
mental footprint using life-cycle-based ecological
and technological methodologies. Such assess-
ment will encompass different stages of the prod-
uct life cycle, including production processes,
preservation and storage under specified condi-
tions, as well as packaging disposal for glass con-
tainers, metal lids, Pur-Pak, and Tetra Pak pack-
aging systems.
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EKOJIOI'O-HYTPUIIMHE OBIPYHTYBAHHS PEHENITYPHUX KOMIIOHEHTIB
HOBOI TEXHOJIOI'TI CITMEHUX BUPOBIB 3 PUBA

Meta. OGrpyHTYBaTH JOLUIBHICT BUKOPUCTaHHS rapOy30BOT0 MIOPE K JIOKaJIbHOT POCIMHHOI CHPOBHHHU
y TEXHOJIOTIi ci4eHHX BHPOOIB 3 puOM 3 MO3MUIIIH €KOJIOTIi JIOIMHH, CTAJIOr0 XapyyBaHHs, Xap4oBOi Oe3Me4HOCTI
Ta pecypCHO-OPIEHTOBAHOTO BUPOOHHMIITBA MPOAYKII] PECTOPAHHOTO TOCIIONAPCTBA.

MeTtoan. 3acToCOBaHO aHAIITHYHE y3arajbHEHHS Cy4aCHMX HAyKOBHX JDKEpEJl IIOJO CTAIMX 3J0POBHX
palioHiB, XapuOBHX BOJIOKOH, 010aKTHBHHMX KOMIIOHEHTIB rapOy3a Ta SIKOCTI pHOHOI NMpOAYKIii; HOPMAaTHUBHUH
aHaJIi3 BUMOT 10 CUPOBHHH; TEXHOJIOTTYHE MOJEIIOBAHHA PELEeNTYPH; PO3PaXyHKOBY OLIHKY Xap4oBoi Ta eHep-
TEeTUYHOT IIHHOCTi;, JECKPHUIITHBHY OPTaHOJISTITUYHY OIlHKY JOCHIZHOTO  3pa3ka; iHTepIIPETAIiio
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MIKpOOIOJIOTIYHIX MOKAa3HHUKIB TOTOBOi cTpaBu. KOHTPOJIBHUM pelenTypHHM IPOTOTHIIOM PO3TIITHYTO TPalu-
iitHi prOHI KoTineTH 6e3 TapOy30BOTO MIOpE.

PesyasTaTu. [loBeneHo, mo HoxaBaHHS TapOy30BOTO MIOpE 0 PEIEenTypPH PHOHHUX CideHHX BHPOOIB 3a-
Oe3reyuye TEXHOJIOTIUHE, HYTPUIIIHHE i MONepeaHbO eKOJIOTUHE 3HAYEeHHSL: MMiJIBUIILYE YaCTKy POCIMHHOTO KOM-
MIOHEHTa MICLIEBOTO TIOXO/DKEHHS, (popMye MmpupoaHe 3a0apBIIeHHS, CIPUsIE COKOBUTOCTI Ta M’SIKili KOHCHCTEHIIIT
BUPOOY, a TAKOXK JIOTIOBHIOE PUOHY OLTKOBY OCHOBY XapuOBHMH BOJIOKHAMH, IEKTHHOBUMH PEYOBHHAMH, BiTaMi-
HaMH Ta KapOTHHOIJaMu. 3a po3paxyHKOBUMH JTAaHUMH JJIsl pUOHHX KOTJeT 3 rapOy3om Ha 100 r mpoayKTy BMicCT
OinkiB craHOBUTH 4,06 T, *xupiB — 9,80 r, ByrneBoxiB — 0,98 r, eneprerruna minHicTh — 105,73 xkan. Jlocmigauii
3pa3oK Mae€ piBHY MOBEPXHIO, IOMapaH4YEBUI BIITIHOK, OJHOPIIHY HKHY KOHCHUCTEHIIIIO, XapaKTepHUH PUOHUI
CMaK i3 IOMiIpHUM COJIOAKYBaTHM ITicIsIcMakoM rapOy3a. Mikpo0iooriyHi MoKa3HUKH HE MIEPEBHIIYIOTh BCTAHO-
BJICHUX 0OME)KEHB: ITATOTEeHHI MIKpOOpraHi3Mu, 30kpemMa Salmonella spp., He BHABICHI y 25 T IPOAYKTY.

BucHoBku. Po3po6ieHa penenTypHO-TEXHOIOTI9HA MOIENb MOXKE PO3IIIAATHCS SIK TOTIEPEAHBO OOTPYH-
TOBAHHil HATIPSIM €KOJIOTO-HYTPHIIIHHOTO Y0CKOHATEHHS PUOHUX cidennx BUpo6iB. Ii exonoriuna inTepnperanis
TPYHTY€ETBCSI Ha JIOKAIBHOCTI POCIMHHOI CHPOBWHHM, NO€AHAHHI CHPOBHHHU TBAPHMHHOTO Ta POCIMHHOTO IIOXO-
JOKEHHS Ta BUKOPUCTAHHI IIaJHUX PEKUMIB TEIIOBOI 0OPOOKH, 1[0 TO3BOJIIE OTPUMATH HOBHH HMPOIYKT IMiIBH-
IIeHOT 010JIOTIYHOT AKTMBHOCTI 13 BUCOKUMH OPTaHOJICIITHYHUMHU MMOKa3HUKaMHu. J1J1s1 miATBEPIKCHHS 3asBICHUX
nepeBar IUIAHYIOThCS MOJAJIBIII KOHTPOJIbHI €KCIEPUMEHTH, CTATUCTUYHO MiATBEPPKEHa CEHCOPHA OLliHKa, iH-
CTPYMEHTAJIbHE BU3HAUCHHS SIKOCTI Ta KUIbKICHE OIIHIOBAHHS EKOJIOTIYHOTO CIIiIy 32 METOIOJIOTIE0 KUTTEBOTO
UK.

KJIFOUYOBI CJIOBA: exonocis modunu, cmaie xapuyeauHs, ciueHi eupoou 3 pubu, 2apboys, dionoziuna
yinHicms, Oe3neunicms

Kondguikr inTepecis

ABTOp 3asIBIISIE PO BiACYTHICTH KOHQIIKTY iHTEPECiB 010 MyOIiKaIii mporo pykomucy. Kpim toro, aBTop
TIOBHICTIO JOTPUMYBABCS €TUYHMUX HOPM, BKJIIOUAIOYHM YHUKHCHHS IUIariaty, Qanmbcudikamii maHuUX Ta AyOITro-
BaHHS Iy OTiKaIii.

Hexunapauisi npo Bukopucranus LT

ITix yac MiATOTOBKHM LBOTO PYKONKCY ISl CTPYKTYPHOTO, JIIHTBICTUYHOTO Ta CTHIICTUYHOTO PearyBaHHs
TEKCTY BIAMOBIIHO 10 BUMOT YPHAITy BHKOPHCTAHO iHCTpyMeHT mty4Horo intenekty ChatGPT-5.5 (OpenAl,
2026). Yci GakTuuHi AaHi, perenTypHi MOKa3HUKH, IHTEpIpeTalii Ta BACHOBKU OyJIM IIepeBipeHi aBTOpoM. ABTOD
Hece MOBHY BiIMOBITALHICTH 32 3MICT, /JaHi Ta BUCHOBKH PYKOIIHCY.
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