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Abstract. This research addresses the pressing issue of utilizing by-
products from vegetable processing to develop functional food products and
animal feed. In the context of increasing physiological stress and
environmental degradation, the advancement of nutritional trends and the
consumption of vegetable juices have become critical factors in maintaining
public health. The production of carrot, pumpkin, and beetroot juices results
in the accumulation of significant amounts of pomace (30-50%). Due to high
moisture content, these by-products are highly perishable; however, they retain
between 50% and 90% of the antioxidants and bioactive compounds found in
the raw materials. This study provides a comparative analysis of the
physicochemical properties of pomace obtained through screw-press and
centrifugal extraction methods. It was established that the screw-press method
results in a lower pomace yield (25.5-28.7%) and a reduction in moisture
content by 6.5-9.17% compared to centrifugation. These findings suggest that
screw-press extraction produces raw material that is potentially more viable
and cost-effective for subsequent processing.The scientific novelty of this
study lies in the substantiation of the prebiotic potential of vegetable pomace
through the investigation of its impact on the growth of Lactobacillus
plantarum and Bifidobacterium adolescentis cultures. It has been
experimentally proven that the use of screw-pressed carrot pomace stimulates
the growth of lactobacilli twice as effectively as the control, while screw-
pressed beetroot pomace increases growth by 1.3 times. Simultaneously, for
bifidobacteria, the most significant stimulating effect (21.7% higher than the
control) was recorded with the addition of screw-pressed beetroot pomace,
whereas centrifugally extracted pumpkin pomace improved growth by 17%.
These results confirm a consistent correlation between the juice extraction
method and the quality and functional properties of the resulting secondary
raw materials. The practical significance of the research consists in the
application of these established patterns to design the composition of health-
promoting (functional) food products. This approach not only enhances their
biological value but also contributes to the sustainable management and
rational utilization of waste in the vegetable processing industry.

Keywords: functional food and feed products, vegetable juices,
centrifugal and screw extraction methods, carrot, pumpkin and beetroot
pomace, prebiotic effect.

Introduction. Formulation of the problem

Today, driven by healthy eating trends, vegetable

The increasing stress levels on the population,
deteriorating environmental conditions, and a growing
focus on the trend of longevity and healthy living are
accelerating the development of health-promoting
nutrition trends [1]. Among various factors and
emphasize

recommendations, these trends
consumption of vegetable juices [2, 3].
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juices made from pumpkin, carrot, and beetroot are the
most popular [4, 5, 6]. However, their production
generates a significant amount of by-products (ranging
from 30% to 50%) in the form of vegetable pomace,
which serves as a valuable raw material for
manufacturing functional food and feed products. Due
to their high moisture content and nutrient density,
which promote microbial growth, such pomace residues

the
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are not suitable for long-term storage. Specifically, the
moisture content in vegetable pomace after juice
extraction typically ranges from 60% to over 85%,
depending on the extraction method and pressing
efficiency [7].

The challenges of further processing vegetable
pomace have been addressed in research laboratories at
numerous universities worldwide. Typically, such
pomace is dried to a moisture content of no more than
13-14%. However, high energy costs increase the price
of the final products, rendering them economically
inefficient or entirely non-viable [8]. Jordan Richards et
al. investigated the impact of physical pretreatment —
hydraulic pressing combined with two drying methods
(freeze-drying and dehydration) — on the functional,
chemical, and physical properties of carrot pomace.
They established a significant improvement in water-
holding capacity, oil-binding capacity, and swelling
capacity, particularly when freeze-drying was employed
[9]. Freeze-dried pomace retained up to 33% more
carotenoids and exhibited a 22% increase in water-
holding capacity compared to dehydrated samples,
thereby enhancing the economic feasibility of using
such a product as a technological fortifying additive in
functional food production [9]. Evelina Hoglund et al.
investigated the efficiency of drying berry pomace using
hot air and microwaves in combination with the
extrusion of whole-grain rye flour supplemented with
25% blueberry powder. This approach enabled the
production of value-added extruded food products [10].
While this method allows for the incorporation of up to
25% fruit and vegetable pomace powders into the
extrudate, the use of predrying — even under mild
conditions — and extrusion at temperatures ranging from
128°C to 135°C leads to significant losses of bioactive
compounds [10].

The extrusion of vegetable and grain mixtures
typically reduces the content of bioactive compounds,
such as vitamins, phenols, and antioxidants, primarily
due to high pressure and temperature. However, this
process may  simultaneously  enhance  their
bioavailability by disrupting cellular structures [11].
While losses are significantly dependent on extrusion
parameters, temperature remains the primary factor. For
instance, research by Silvia Mironeasa et al. established
that the loss of total phenolic content during the
extrusion of such mixtures is approximately 15-18% [11].

Vegetable pomace retained after juice extraction
possesses high nutritional value. This is particularly
significant for the production of functional food and
feed products, driving the search for -effective
technological solutions for their further processing and
utilization.

Analysis of recent research and publications

During the processing of vegetables into juice, a
significant portion of bioactive compounds — including
dietary fibers, polyphenols, carotenoids, and vitamins —
remains in the processing by-products rather than in the
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juices. Research conducted by Filomena Carvalho et al.
established that 50% to 90% of antioxidants and other
bioactive substances are retained in the pomace during
the production of vegetable juices [12].

According to Roxana Nicoleta Gavril et al., the
pomace yield in pumpkin juice production ranges from
30% to 50% [13]. Pumpkin pomace is a rich source of
dietary fiber, vitamins, minerals, and carbohydrates,
characterized by a high content of carotenoids (3540
mg/100 g dry matter), minerals (calcium; 90 mg/100 g;
phosphorus: 14 mg/100 g), cellulose (19.6%),
hemicellulose (3.5%), and pectin (5.4%) [14]. Due to
their low energy value, dietary fibers derived from
pumpkin pulp are highly beneficial for lowering blood
glucose levels [15]. Traditionally, pumpkin has been
consumed by humans to treat diabetes [16]. Research by
Zunaira Arshad et al. demonstrated the antimicrobial
and antioxidant potential of pumpkin pulp [17].
Furthermore, study by Xin-En Huang et al. proved the
anticarcinogenic properties of pumpkin, showing that its
consumption significantly helps prevent gastric, breast,
lung, and colorectal cancers [18]. Mukesh Yadav et al.
state that incorporating pumpkin into the daily diet can
provide various health benefits and improve overall
wellness due to its antidiabetic, anticarcinogenic,
antioxidant, and antimicrobial potentials, as well as its
ability to inhibit kidney stone formation and its
hypotensive, anti-inflammatory, and hematopoietic
effects [19].

The yield of carrot pomace ranges from 30% to
50% when using traditional juice production methods,
and can be reduced to between 10% and 20% with the
application of modern technologies [20, 21].

On a dry matter basis, carrot pomace contains 4%-—
5% protein, 8%—9% reducing sugars, 5%-6% minerals,
28% cellulose, 2.1% pectin, 6.7% hemicellulose, and
17.5% lignin. It also serves as a significant source of
bioactive compounds such as phenolic compounds and
polyacetylenes [22, 23]. Carrot pomace is rich in
microelements, including sodium (3.2 mg/g), potassium
(18.6 mg/g), phosphorus (1.8 mg/g), calcium (3.0
mg/g), magnesium (1.1 mg/g), copper (4.0 mg/g),
manganese (10.8 mg/g), iron (30.5 mg/g), and zinc (29.4
mg/g). Furthermore, it contains vitamins such as
thiamine, riboflavin, and other B-group vitamins,
vitamin A, tocopherols, and ascorbic acid, with (-
carotene content ranging from 1.8 to 6.3 g/kg [23].
Carotenoids contribute to strengthening the immune
system and reducing the risk of diseases such as cancer,
cardiovascular  disorders,  age-related  macular
degeneration, and cataract formation; they have also
been identified as potential inhibitors of Alzheimer’s
disease [24]. When drying carrot waste using traditional
methods, B-carotene losses typically exceed 40 %.

According to Marta Igual et al., the pomace yield
from processing beetroot into juice is at least 40% [25].
Beetroot contains various bioactive phytochemicals,
such as betalains (e.g., betacyanins and betaxanthins),
flavonoids, polyphenols, saponins, and inorganic nitrate
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(NOg). It also includes macroelements such as K, Na, P,
Ca, and Mg, as well as microelements such as Cu, Fe,
Zn, and Mn [26]. According to a review by Liping Chen
et al., due to its high content of bioactive compounds,
beetroot possesses antitumor properties, helps lower
blood pressure, positively influences microvascular
vasodilation, supports glucose homeostasis, exhibits a
protective effect against oxidative stress, prevents
systemic liver damage, and improves cerebral blood
flow parameters [27].

Problem statement. An analysis of vegetable juice
production methods indicates varying effects on the
composition of nutrients and bioactive compounds in
both juices and pomace, depending on the
manufacturing process. The expansion of the market for
healthy and natural juices has led to the development
and implementation of novel technologies using pulsed
electric fields, high hydrostatic pressure, ultrasound,
and microwaves. These methods have been shown to
increase juice yield and the content of flavonoids,
phenolic compounds, and antioxidants, though they are
often accompanied by increased turbidity [28].
Consequently, screw pressing and centrifugal extraction
remain the most widely used methods in industrial
vegetable juice production [29]. Cold pressing, the most
common process in the commercial production of juices
from fresh fruits and vegetables without heat
application, differs from centrifugation by providing
higher juice yields and superior preservation of
bioactive substances and sensory components,
positioning these juices in the premium category [30].
Although the use of centrifuges enhances the
productivity of the extraction process, it causes
significant oxidation of bioactive components due to
high-speed mixing, which introduces oxygen and
generates heat. This accelerates enzymatic browning by
polyphenol oxidase and oxidizes polyphenols (e.g.,
chlorogenic acid) into reactive quinones, negatively
affecting the color and nutritional value of the juices
[31]. Simultaneously, both screw and centrifugal
production methods yield important by-products —
pomace — which possess distinct physical and chemical
properties [30, 31], as described in the preceding
literature review. However, there is currently a lack of
published data justifying the utilization of pomace
obtained through different extraction methods for the
production of functional food and feed products.

To determine the prebiotic effect, conventional
microbiological methods were employed, including the
inoculation of cultures from the genus Bifidobacterium
(species Bifidobacterium adolescentis) and the genus
Lactobacillus (species Lactobacillus plantarum) onto
nutrient media. The research further involved
microscopy, isolation, identification, and enumeration
of the microorganisms.

Results of the research and their discussion

Research materials and methods

The research materials for comparative analysis
included data from previous studies by other authors, as
well as samples of carrot, pumpkin, and beetroot
pomace. These samples were obtained during vegetable
juice production using screw and centrifugal extraction
methods, specifically utilizing the Vector AH-ZJ1T
screw juicer and the VVektor 2000KP centrifugal juicer.
The feasibility of using vegetable pomace for the
production of functional food and feed products was
determined based on the level of their prebiotic effect.
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During the research, the processing yield and
moisture content were determined for the pomace
samples of carrot, pumpkin, and table beet. These
samples were obtained during vegetable juice
production using screw and centrifugal extraction
methods (Table 1).

Table 1 - Yield and moisture content of
vegetable pomace obtained after juice production

Ne . Moisture
Sample Yield, %, content, %
1. | Centrifugal 32,7+0,12 84,5+0,55
carrot pomace
2. | Screw carrot | 25,5+0,11 77,4+0,47
pomace
3. | Centrifugal 38,4+0,17 | 87,7+0,68
pumpkin pomace
4. | Screw pumpkin | 28,7+0,16 82,3+0,73
pomace
5. | Centrifugal 39,2+0,14 | 86,1+0,64
beetroot pomace
6. | Screw beetroot | 26,3+0,15 80,2+0,58
pomace

As indicated by the data, the yield of vegetable
pomace during juice extraction using the screw method
ranged from 25.5% to 28.7%, whereas the centrifugal
method resulted in a yield of 32.7-39.2%. The moisture
content was 6.5-9.17% higher in the vegetable pomace
obtained via the centrifugal method compared to the
screw extraction method

Subsequently, sterilized samples of extruded corn
flour (control) and experimental samples of sterilized
carrot, pumpkin, and table beet pomace (obtained via
both screw and centrifugal extraction) were introduced
into a sterile nutrient medium. This was followed by the
microbiological inoculation of cultures from the genus
Bifidobacterium (species Bifidobacterium adolescentis)
and the genus Lactobacillus (species Lactobacillus
plantarum). Extruded corn flour was selected as the
control due to its high prebiotic effect and widespread
use in the production of functional food and feed
products, as established in previous studies [34].The
growth results of Lactobacillus plantarum are presented
in Fig. 1.

As observed, pumpkin pomace obtained by both
centrifugal and screw methods exhibited a lower
prebiotic effect on Lactobacillus plantarum compared
to the extruded corn control
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Fig. 1. Growth results of Lactobacillus plantarum on
nutrient media supplemented with: (1) extruded
corn flour; (2) centrifugal and (3) screw carrot
pomace; (4) centrifugal and (5) screw pumpkin
pomace; (6) centrifugal and (7) screw beetroot
pomace

Carrot and beetroot pomaces obtained via the
screw method showed higher prebiotic potential than
those produced by the centrifugal method. Specifically,
the bacterial count of Lactobacillus plantarum in the
medium supplemented with screw-pressed carrot
pomace was 2.0 times higher than in the control (1).
Similarly, the concentration of Lactobacillus plantarum
with screw-pressed beetroot pomace was 1.3 times
higher than in the control (1). These results support the
findings of Donaldson M. [30] and Gholamreza Khaksar
et al. [31] regarding the superior preservation of
biologically active substances in vegetable pomace
when using screw pressing compared to centrifugal
juice production.

The growth results of Bifidobacterium
adolescentis are presented in Fig. 2. As observed, the
bacterial count of Bifidobacterium adolescentis in
samples containing both screw-pressed and centrifugal
carrot pomace was twofold lower than in the sample
supplemented with extruded corn flour (control). It was
found that centrifugal pumpkin pomace (4) promoted
better growth of Bifidobacterium adolescentis, showing
a 17% increase compared to the control. The best result
was observed when the nutrient medium was
supplemented with screw-pressed beetroot pomace (7).
In this case, the bacterial count of Bifidobacterium
adolescentis was 21.7% higher than that of the control.
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Fig. 2. Growth results of Bifidobacterium
adolescentis bacteria on nutrient media
supplemented with extruded corn grain flour (1),
centrifugal (2) and screw-pressed (3) carrot
pomace, centrifugal (4) and screw-pressed (5)
pumpkin pomace, and centrifugal (6) and screw-
pressed (7) beet pomace.

Conclusion

The results of the conducted research established
that higher juice yield — and consequently, a lower yield
of vegetable pomace — is achieved using the screw
pressing method (ranging from 25.5% to 28.7% for
pomace). Claims by numerous researchers regarding the
negative impact of centrifugal extraction on the quality
of both juices and pomace were confirmed by the results
of cultivating beneficial bacteria on nutrient media
supplemented with vegetable pomace obtained by
different methods. Specifically, the count of
Lactobacillus plantarum in the medium supplemented
with screw-pressed carrot pomace was 2.0 times higher
than in the control. Similarly, the concentration of
Lactobacillus plantarum with screw-pressed beetroot
pomace exceeded the control by 1.3 times.

At the same time, centrifugal pumpkin pomace
enhanced the growth of Bifidobacterium adolescentis by
17%, while screw-pressed beetroot pomace resulted in a
21.7% increase compared to the control. Consequently,
a clear dependence of the prebiotic effect on the method
of vegetable juice extraction and pomace production has
been established. This relationship must be taken into
account in the manufacturing of functional food and
feed products
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2kadherpa XapuoBOi XiMii, EKCIIEPTH3M Ta 610TEXHOIOTit

Skadesrpa TEXHOJIOTT PECTOPAHHOTO 1 0310POBYOT0 XapdyBaHHs

OpechKuil HaliOHATBHUI TEXHOJIOTTYHUI YHIBEPCUTET

Byn. Kanatna, 112, m. Opneca, Ykpaina, 65039

“TOB «BiokoHTakT», Byl KocTioka, m. Kuis, 39 Ykpaina03170,

Amnoramisi. [{e mociipKeHHs CTOCYETBCS aKTyalbHOTO MUTAHHS BUKOPHUCTAHHS NMOOIYHMX NPOLYKTIB HepepoOKH OBOYIB
IUTSL pO3pOOKH (PYHKIIOHATBHUX XapYOBHX IPOAYKTIB Ta KOPMIB i1t TBapuH. B yMoBax 3pocrarodoro ¢izionoriqnoro crpecy ta
TOTIPIICHHs CTaHy HaBKOJMIIHBOTO CEpPEIOBHINA, PO3BUTOK XapYOBHX TEHAEHILIN Ta CIIOXXMBAHHS OBOYEBHX COKIB CTaH
KPUTUYHUMHE (PaKTOpaMH IS MiATPUMKH 3/10pOB's HacelaeHHs. BUpOOHUIITBO MOPKBSIHOTO, TapOy30BOr0o Ta OypsIKOBOTO COKiB
MPU3BOAUTH JO HAKONMUYECHHS 3HAYHOI KinbKoCTi Bu4aBok (30-50%). UYepe3 BucOKuii BMIiCT BOJNOTH Iii TTOOIYHI MPOIYKTH €
MIBUAKOTICYBHUMH; OJHAK BOHM 30epiraroth Bim 50% mo 90% aHTHOKCHAAHTIB Ta 0i0AKTUBHMX CIOJYK, IO MICTSTHCS B
cupoBuHi. lle mocmimkeHHs MPONOHY€e NOPIBHAIBHUH aHali3 (Ppi3MKO-XIMIYHUX BIACTHBOCTEH BHYABOK, OTPHMAHUX METOJaMHU
IIIHEKOBOT'O IIPECYBaHHS Ta BIIIEHTPOBOI €KCTPaKIil. Byo BcTaHOBIEHO, 10 METOJI NIHEKOBOTO IPECYBAaHHS NPU3BOAUTD JI0
HIDKYOTO BUXOIY BHYaBOK (25,5-28,7%) Ta 3HWKeHHS BMICTy Bojord Ha 6,5-9,17% nopiBHsHO 3 nentpudyrysanssM. Li
pe3yNbTaTH CBiYaTh Mpo Te, [0 [IHEKOBA eKCTPAKIis TO3BOJISIE OTPUMATH CHPOBHHY, SKa € MOTSHIIHHO OUIBII KUTTE3AaTHOO
Ta eKOHOMIYHO e()eKTHUBHOIO UIS ToJaibliol nepepoOku. HaykoBa HOBH3HA IIBOTO JOCIHIMKEHHS MOJSTa€ B OOIPyHTYBaHHI
peOiOTHYHOTO MOTEHIlialy OBOYEBUX BHYABOK LUIIXOM JOCTIDKEHHA IX BIUIMBY Ha picT KynbTyp Lactobacillus plantarum ta
Bifidobacterium adolescentis. ExcriepiMeHTaIbHO TOBEAEHO, IO BUKOPUCTAHHS IIHEKOBO MPECOBAHUX MOPKBSHHUX BHYaBOK
CTHMYIIIOE PICT TaKTOOAKTepiil BABIYi €PEKTUBHIIIE, HIXX KOHTPOJIb, TO1 SIK IIHEKOBO IPECOBaHI OYPAKOBI BUUABKH 301IBIIYIOTH
pict y 1,3 pasza. OgHouacHo juist 6idino6akTepiit HalOIIbII 3HAUHNI cTUMYIIo0UHi edekT (Ha 21,7% Buie, HiX y KOHTPOJIL)
OyB 3acdikcoBaHUil P 10JjaBaHHI ITHEKOBO IIPECOBAaHUX OYpPSKOBHX BHYABOK, TOJI SIK IEHTPHU(YKHO eKCTparoBaHi rapOy3oBi
BHYaBKH MOKpammiy pict Ha 17%. Lli pe3ynpTaTi MiATBEpHKYIOTh MOCTITOBHY KOPEIAIIiI0 MK METOJIOM eKCTpaKIii COKy Ta
SIKICTIO Ta (PyHKI[IOHAJTEHUMH BIACTUBOCTSIMH OTPUMaHOI BTOPUHHOT CHpOBUHU. [IpakTHUHE 3HAYESHHS AOCITIPKEHHS MOJIATac y
3aCTOCYBaHHI I[MX BCTAQHOBJICHUX 3aKOHOMIPHOCTEH JuIsi PO3pOOKM CKIAAy O340pOBYMX ((YHKLIIOHAIBHUX) XapuoBHX
npoaykTiB. Takuii miaxiq He JTUIIE MiABUIINY€ TXHIO 010JIOTIUHY HIHHICT, ajie i CIpHsE CTaJIOMY YIPABIiHHIO Ta palliOHATBHOMY
BHUKOPHUCTAHHIO BiIXO/IB Y OBOUYETIEPEPOOHiil TPOMHCIOBOCTI.

KnaiouoBi ciaoBa: QyHKIIOHaNBHI Xap4oBi MPOXYKTH Ta KOPMH, OBOYEBI COKH, METOAW BiJIIEHTPOBOI Ta IITHEKOBOL
EKCTpaKIIii, MOPKBSIHHH, rapOy30BHil Ta OYpsIKOBUIT BUUaBKHU, MPEOIOTHYHMUN e(eKT.
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