AJIMATBI TEXHOJIOTMSUIBIK YHUBEPCUTETiHIH xabapmbichl. 2026. Ne2.

IRSTI:65.59.29 https://doi.org/10.48184/2304-568X-2026-2-22-30

DEVELOPMENT OF A FUNCTIONAL HORSE-MEAT ROULADE USING
PLANT-DERIVED COMPONENTS

ISH.Y. KENENBAY* 'B.A. RSKELDIYEV

'A.S. KRASNIKOV , 2Z.N. NIYAZBEKOVA
(*JSC «Almaty Technological University», Kazakhstan, 050012, Almaty, Tole bi str., 100,
2NPJSC «Kazakh National Agrarian Research University», Kazakhstan, Almaty)
Corresponding author e-mail: sh.kenenbai@atu.edu.kz

The aim of the study was to provide a scientific justification for the formulation and processing technology of a horse-
meat roulade using plant-based functional ingredients — calamus rhizome, a humic—fulvic acid complex and pumpkin seed
cake — and to evaluate their effects on the nutritional value, technological properties and sensory characteristics of the
product. Within the framework of the study, control and experimental samples of horse-meat roulade were developed, for
which the chemical composition, energy value, pH, TBA index, cooking loss, total viable count (TVC), amino acid profile
and sensory attributes were determined. In the experimental roulade, the protein content decreased from 28,2% to 19,12%,
and the fat content from 14,8% to 8,7%, while carbohydrates (5,6%) were detected, which reduced the energy value of the
meat product from 246,0 to 177,2 kcal/100 g. A decrease in pH from 6,1 to 5,8 and in the TBA value from 0,45 to 0,31 mg
MDAV/kg was observed, and cooking loss was reduced from 32,8% to 17,01%. The TVC in the experimental roulade sample
amounted to 7,2x10> CFU/g versus 8,1x10> CFU/g in the control sample, which was below the limit specified by the
regulatory document (Ix10° CFU/g). The amino acid score for key essential amino acids exceeded 130%, and the biological
value of the meat product reached 139,86%. At the same time, the sensory scores for appearance, colour and taste of the
experimental roulade were higher than those of the control sample.

Keywords: horse meat, meat roulade, calamus rhizome, humic—fulvic acids, pumpkin seed cake,
functional meat product.
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Lens uccnedosanus 3aK04aANACH 8 HAYUHOM 000CHOBAHUU PEUERMYPbL U MEXHOI02UU RPUZOMOGTEHUSL MACHOZ0
PY/lema u3 KOHUHbL C UCHOIb306AHUEM PACMUMETbHBIX (DYHKUHOHWIbHBIX UHZPEOUCHM 08 — KOPHEGUWA aupa, KOMNIEKCa
2YMUHHO-)Y16806BIX KUCTIOM U HCMBIXA MBIKEEHHBIX CeMeuek, d MAKHce OUeHKe UX GIUAHUA HA NULLEEYI0 UEeHHOCHD,
mexHoI0ZuMecKUe U 0pzaHosienmudeckue noxkazamenu npodykma. B pamkax uccnedosanus oviiu paspabomansi
KOHMPOJIbHbIE U ONbIMHbLE 00PA3UBL MACHO20 PYiemd, 07151 KOMOPbIX ONPEOeAIU XUMUUECKUI COCHIA8, IHEPEMUUECKYIO
yennocmo, pH, TBY, nomepu maccot npu mennoeoit oopaoomke, KMADAuM, amunokuciomuwlit npoguio u
opeanonenmuuecKkue nokazamenu. B onsimnom pyneme cooepircanue 6enka cnusunocs ¢ 28,2% oo 19,12%, u sncupa c
14,8% 00 8,7%, a maxsice 6v11u 06Hapyscensvl yeneeoont (5,6%,), umo ymeHvuiu10 IHEP2EMULECKYI0 UEHHOCHL MACHO20
npodyxkma c 246,0 oo 177,2 kkan/100 &. Ommeueno chuscenue pH c 6,1 oo 5,8 u Th c 0,45 oo 0,31 me M/[A/k2, a nomepu
Mmaccot cokpamunucs ¢ 32,8% 0o 17,01%. KMADAnM 6 onsimnom o0pazue macrozo pyiema cocmasuno 7,2x10> KOE/z
u 8,1x10°> KOE/2 ¢ konmponvnom odpasue, umo ovi10 nusice nopmot no HJI (1x10° KOE/2). Amunoxucnomnwlii ckop no
K1I04€6biM HE3aMEHUMbIM amunoxkuciomam npeeviuian 130%, u Ouonocuueckana ueHHOCMb MACHO20 NPOOYKMA
oocmuzna 139,86%. npu 3mom opzanonenmuueckue OUeHKU 6HEUWIHE20 6UOA, UGEMA U 8KYCA ONbIMHOZ0 pyiema Ovlau
ébllie KOHMPONBbHO20 00paA3Ya.

KawueBble cjaoBa: KOHMHAa, MSICHOM PYJI€T, KOpPHEBHUIIEC avpa, FyMI/IHHO-(l)yJ'ILBOBI)Ie KHMCJI0THI,
KMbIX TBIKBCHHBIX CEMEUYECK, (l)YHKIIHOHaJIbHBIﬁ MSICHOM NMPOAYKT.
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3epmmeyodin makcamol — 6CiMOIK meKkmi YHKUUOHANObIK UHZPeOUeHmmep — aup mamsvlipcadazol, 2yMUuH-
dynveunik KolKbLI0APBIHbIH KeuleHi JHeaHe AcKabdax 0aHi KyHICapaceln naioana omulolpovln 23ipiaeHzeH HeblaKbl
eminen OaiblHOAIAMbIH em PYemiHIH PeUyenmypacsli HeaHe MEXHOI0ZUACBIH SbLIIMU MYPEbLOAH Hezi30ey, COHOall-
aK 0ciMOiK meKkmi YYHKYUOHAIOBIK UHZPeOUEeHmMmMEPOiH, OHIMHIN Ma2aMObIK KYHOBLIbIZbIHA, MEXHON0ZUAIBIK HCIHE
OpP2aHOIeNMUKAIBIK KOpcemKiuimepine acepin o0azanay. 3epmmey asacblHOQ em pYIemiHiy 0aKwliay IHcIHe
maxcipubenik ynzinepi azipienin, o1ap yulin XuMusaislK Kypamol, IHepeemuKanvik Kynooinoieol, pH, THK, scotnynvik
onoey Kesinoezi macca dncozanyvl, KMADAuM, amunKbluKbLI06IK RpOoQuURi dcoHe Op2aHOIenMUKAIbIK
Kepcemkimumepi anvikmanosl. Tayxcipubenix pynemme aryviz monwepi 28,2%-0an 19,12%-z2a, an maii monwepi
14,8%-0an 8,7%-2a oeiiin momenoeoi, convimen Kamap xomipcynap (5,6%,) Kypamol anvikmanost, 6yn em oHIMIHIH
IHepzemuKanvlK KyHovlivizoln 246,0-0en 177,2 kxkan/100 2 oeiiin azaiimmot. pH mani 6,1-0en 5,8-2¢ ncone THK
kopcemkiuti 0,45-men 0,31 me M/IA/kz-2a Oeiiin momenodezeni daiikanovl, an macca xcozanywt 32,8 %-0an 17,01%-2a
oeiiin Kvickapovt. Taxncipudenix em pynemininy KMA®AuM moni - 8,1x10° KOE/2, an 6axpinay ynzicinoe - 7,2x10°
KOE/> kypaow, oyn HK 6otivinua Kotivinamuin nopmadan (1x10° KOE/2) memen. Hezizzi anmacmuipviaimaiimoin
AMUHKBLUKBLIOAD OOUbIHUA AMUHKBIUKBLIObIK cKop 130%-0an acmol, an em OHIMIHIY OUONOUATBIK KYHOBLIBIb
139,86%-2a acemmi. Convimen oipze maxcipubenix pynemmin colpmkbt mypi, myci dHcane O0ami 0OoUbIHWMA
OP2aHOIeNMUKAIbIK fazanapol 6aKvlaay yazicine Kapazanoa rnco2apvl 6010bl.

Heri3ri ce3aep: KbIIKBI €Ti, eT pyJieTi, anp TaMmbIp cadarbl, TYYMUH-QYJIbBWIIK KbIIIKbIIAAPBI,
acKadak JA9HI KyHKapackl, PYHKIUOHAIBI €T OHiMi.

Introduction species, dietary inclusion of sweet flag extract

Horse meat occupies a distinctive place in the improved growth performance, blood biochemistry
dietary culture and meat market of Kazakhstan, and meat quality, suggesting a capacity to modulate
where it is used for traditional products such as kazy oxidative and metabolic status of animal tissues.
and other boiled and smoked delicacies and ranks These data indicate that calamus rhizome infusion
among the leading meat types in per capita may act as a natural antioxidant and antimicrobial co-
consumption From a nutritional standpoint, horse factor in brines for meat curing [3-5].
meat is characterised by a high protein content of Humic and fulvic acids constitute another class
approximately 21-24%, relatively low intramuscular of biologically active substances with potential
fat (4-9%) and an advantageous profile of relevance for meat systems. Humic substances are
polyunsaturated fatty acids, including linoleic and a- heterogeneous macromolecules derived from the
linolenic acids, together with elevated iron levels humification of plant and microbial biomass and are
compared with beef and pork. These attributes rich in aromatic, phenolic and carboxylic groups that
position horse meat as a promising raw material for confer strong metal-chelating and electron-donating
the development of functional meat products [1, 2]. properties.Numerous animal-nutrition studies have

Among potential phytogenic modifiers of meat shown that dietary humic acid improves growth
quality, Acorus calamus L. rhizome represents an performance, immune status and antioxidant
interesting bioactive source. The rhizome contains a capacity, and can lower TBARS values and microbial
complex mixture of essential oils (including f- counts in poultry meat during refrigerated storage.A
asarone), phenylpropanoids and polyphenols with recent review emphasised that humic substances
documented antioxidant, anti-inflammatory and enhance nutrient digestibility and mineral utilisation
antimicrobial effects in vitro and in vivo. Extracts of and may improve overall meat quality through
acorus calamushave demonstrated significant radical- modulation of oxidative processes and gut
scavenging activity (DPPH, ABTS) and inhibition of microbiota. Given their redox and chelating
lipid peroxidation in model food systems and bakery characteristics, humic—fulvic complexes added via
matrices, while also suppressing the growth of brine may interact with muscle proteins and transition

spoilage and pathogenic microorganisms. In aquatic
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metals, thereby influencing pH, lipid oxidation and
possibly tenderness of cooked meat products [6,7].

Pumpkin seed cake, obtained as a press-cake
by-product of pumpkin seed oil extraction, is
increasingly recognised as a high-value functional
ingredient. Pumpkin seeds and their oil cakes
contain  14,05-39,75 9% protein, substantial
amounts of dietary fibre, minerals (Zn, Mg) and
bioactive compounds such as tocopherols,
carotenoids and phenolic acids.Functional studies
have shown that pumpkin seed kernel flour exhibits
high water- and oil-holding capacities and can act
as a fat replacer and structuring agent in meatballs
and beef patties, decreasing total fat and energy
value while maintaining or improving texture and
sensory acceptance. Moreover, incorporation of
pumpkin seed oil or seed-based emulsions into
cooked meat products has been reported to reduce
lipid oxidation during storage and to enhance
nutritional and technological quality.These
findings suggest that pumpkin seed cake can serve
both as a carrier of antioxidants and as a physical
barrier limiting moisture and fat migration during
thermal processing [8-12].

Therefore, the aim of the present study was to
develop and scientifically substantiate the formulation
and processing conditions of a horse-meat roulade
enriched with calamus rhizome, a humic—fulvic acid
complex and pumpkin seed cake, and to evaluate their
combined effects on the proximate composition, pH
and lipid oxidation indices, cooking loss,
microbiological safety, amino-acid profile and sensory
characteristics of the finished product.

Materials and methods

For the investigation of the impact of plant
components on the quality attributes of meat
products, horse meat-based roll (roulade) samples
were prepared at the Educational and Scientific
Center of Meat Processing of the Almaty
Technological University.

The following components of plant origin
were purchased for the experiment:

- Calamus Rhizome - dried crushed raw
material with a specific aroma and bitter-spicy flavor.

- Complex of humic and fulvic acids ‘T8
Tayga Stone’ - a natural concentrated product
containing active humic and fulvic acids with
antioxidant properties.

- Pumpkin seed cake is a secondary plant
product after oil pressing, characterized by a high
content of dietary fibre, minerals and antioxidants.

For the study, horse meat was purchased
from the local market. After acquisition, the meat
was subjected to technological operations: cutting,
deboning. Next, the meat was cut into 200 g pieces
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with a weight of about 1 cm thick and prepared for
the wet salting process.

A brine base including 1.5 litres of water, 75
g table salt and 0.3 g sodium nitrite was made to
prepare the brine. Portions of meat were placed in
a specially purchased plastic dish (GN1/6
polypropylene/Schneider/Germany) and poured
100 ml of the prepared brine base. Then, humic-
fulvic acid complex and, previously brewed in hot
water and cooled to room temperature, calamus
rhizome (100 ml) were introduced into the brine.
The amount of plant-based components was
calculated according to the experimental matrix as
a percentage of the meat weight (200 g). The total
volume of brine for each sample was 200 ml.

The brining process was carried out at 2+2°C
and lasted 24 hours.

After completion of the salting process, the
meat samples were removed from the brine and
further prepared for heat treatment. The pumpkin
seed cake was ground to powder using a nano-
crusher (Grindomix GM 200, Retsch, Germany) to
obtain a homogeneous fine structure. Then, water
was gradually added to the obtained powder,
mixing thoroughly until a homogeneous paste-like
consistency was achieved, which was convenient
for application to the surface of meat.

The obtained paste from pumpkin seeds
evenly covered the surface of each meat sample in
the amount of 5% of the weight of meat raw
material, after which the products were formed in
the form of rolls. The prepared rolls were
hermetically wrapped in thin aluminium foil and
placed in a heat chamber (UK-3\1M100,
Techtron+, Russia). Heat treatment was carried out
at 110°C until the temperature in centre of the roll
reached 78°C, which was monitored using a
thermometer with a probe.

After completion of thermal treatment, the
rolls were cooled to room temperature (20+2°C) in
air. Then the finished samples were placed in
storage at refrigerator temperature (2+2°C) until
the organoleptic evaluation and laboratory tests
aimed at studying the effect of plant components
on the quality parameters of the meat product.

Laboratory analyses of the final products
were conducted at the accredited testing laboratory
“Food Safety” of Almaty Technological University
(Certificate accreditation No.KZ. T.02.E1158).

The mass fraction of protein in the paté
samples was determined in accordance with GOST
25011-2017 “Meat and meat products. Protein
determination methods”.
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The mass fraction of fat was determined
according to GOST 23042-2015 “Meat and meat
products. Methods of fat determination”.

The mass fraction of carbohydrates was
determined by the permanganatometric method,
the principle of which is based on the oxidation of
organic reducing substances in the sample by a
potassium permanganate solution in an acidic
medium, with subsequent calculation of
carbohydrate content from the volume of oxidant
consumed relative to a standard solution.

The amino acid composition was determined
by ion-exchange (or capillary) chromatography using
a procedure based on GOST R 55569-2013
“Feedstuffs, compound feeds, feed raw materials.
Determination of proteinogenic amino acids using
capillary electrophoresis”, adapted for meat systems.

Thiobarbituric acid number (TBA) was
determined according to GOST R 55810-2013. The
method is based on spectrophotometric measurement
of the intensity of colouration arising from the
interaction of fat oxidation products with
thiobarbituric acid, which allows to assess the degree
of oxidative damage of the fat component of meat.

The pH value was determined by
potentiometric method. The essence of the method
is the direct measurement of hydrogen ion activity
using a glass electrode potentiometer, which allows
to quickly and accurately determine the acidity of
the meat sample under study.

The mass loss of meat samples was
calculated from the sample weight values before
heat treatment, and the sample weight values after
heat treatment. The mass loss reflected the weight
of the sample after heat treatment (B) as a

percentage of the weight of the sample before heat
treatment (A), as shown by the equation below:

Mass loss (%) = [A;fB] %100 (2,

The organoleptic evaluation of the meat
product was carried out in accordance with GOST
9959-2015 “Meat and meat products. General
requirements for organoleptic evaluation.” This
method involves the systematic assessment of
sensory characteristics such as appearance, color,
smell, texture, and taste. The samples were subjected
to organoleptic evaluation using a 5-point scale.

The total viable count of mesophilic aerobic
and facultative anaerobic microorganisms (TVC,
KMAFANM) was determined in accordance with
GOST 21237-75 “Meat. Methods of bacterio-
logical analysis”.

Results and discussion

The introduction of plant-derived components
markedly modified the basic chemical composition of
the horse-meat roulade (Table 1). In the experimental
sample, protein content decreased from 28,2% to
19,12%, which corresponds to a reduction of
approximately 32,2%. Fat content was reduced even
more substantially —from 14,8% in the control to 8,7%
in the experimental sample (—41,2%). At the same
time, the incorporation of plant ingredients contributed
5,6% carbohydrates, which were absent in the control
formulation. As a consequence, the calculated energy
value of the control sample amounted to about 246,0
kcal/100 g, whereas the experimental roulade provided
approximately 177,2 kcal/100 g, the caloric density
was lowered by nearly 28,0%.

Table 1. Physicochemical and microbiological characteristics of horse meat roulade samples

Indicator Control Experimental
Physico-chemical parameters:

Protein content, % 28.2+0.42 19.12+0.29
Fat content, % 14.8+0.21 8.7+0.13
Carbohydrates content, % - 5.6

pH, units 6.1 5.8

TBA, mg MDA/kg 0,45 0,31

Mass loss, % 32,8 17,01
Microbiological parameter:

TVC (CFU/g) 8.1x102 7.2x10?
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The use of plant components also influenced
technological and oxidative stability parameters.
The pH value decreased from 6,1 in the control to
5,8 in the experimental sample, indicating a slight
acidification of the meat matrix, which is generally
favourable for microbiological stability and colour
retention. The thiobarbituric acid (TBA) index,
reflecting the level of secondary lipid oxidation
products, decreased from 0,45 to 0,31 mg
MDA/kg, which corresponds to a reduction of
about 31,1% and confirms the antioxidant potential
of the added plant ingredients. Thermal losses
during cooking were also markedly reduced: cook
loss decreased from 32,8% in the control to 17,01%
in the experimental roulade (—48,1%), indicating

improved water- and fat-binding capacity and a
more stable structure during heat treatment.

Microbiological evaluation showed that the
total viable count (TVC) remained within
acceptable limits for ready-to-eat meat products.
TVC values were 7,2x10? CFU/g for the control
and 8,1x10? CFU/g for the experimental sample,
both remaining below the regulatory threshold of
1x10® CFU/g established by the normative
documentation. A slight increase in TVC in the
experimental product does not exceed the
permissible level and, in combination with the
lower pH and reduced TBA values, indicates that
the inclusion of plant components does not
compromise microbiological safety under the
tested storage conditions.

Table2. Amino acid composition of a horse meat rouladeexperimental sample

Component Height Start End Area rC}:qc;xentration, éggit?:n,%zd mass
Arginine 1.267 3.375 4.300 15.38 22.0 1.407+0.563
Lysine 3.608 4.430 4.548 30.12 35.0 2.401+0.630
Tyrosine 0.808 4.545 4.661 13.75 13.0 0.893+0.372
Phenylalanine 0.583 4.648 4.768 15.13 18.0 0.911+0.455
Histidine 0.663 4.876 4.950 16.01 21.0 0.916+0.475
Leucine + Isoleucine 1.560 4.948 5.078 31.42 26.0 1.138+0.458
Methionine 0.770 4.995 5.103 11.42 9.5 0.786+0.267
Valine 1.157 5.078 5.162 21.06 17.0 1.703+£0.396
Proline 1.630 5.105 5.182 27.49 22.0 1.736+0.569
Threonine 1.511 5.242 5.323 26.12 14.0 1.159+0.384
Serine 2.450 5.323 5.392 49.45 21.0 1.738+0.452
Alanine 2.678 5.558 5.632 50.18 17.0 1.407+0.478

Chromatographic analysis of the experimental
horse-meat roulade showed a nutritionally valuable
and well-balanced amino acid profile(Table 2).
Among the essential amino acids, lysine had the
highest mass fraction (2,401£0,630%), confirming the
product as a rich source of lysine, which is critical for
growth and muscle protein turnover. Noticeable
contributions were also observed for valine
(1,703+0,396%), threonine (1,159+0,384%) and the
leucinetisoleucine fraction (1,138+0,458%),
providing branched-chain amino acids involved in
energy metabolism and regulation of protein synthesis.
Methionine showed the lowest level among
indispensable amino acids (0,786+0,267%), but
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remains sufficient when the product is considered as
part of a mixed diet.

The non-essential and conditionally essential
amino acids further characterise the protein matrix of
the roulade. Elevated levels of proline (1,736+0,569%)
and serine (1,738+0,452%) suggest a significant
proportion of collagen-derived and structurally
organised proteins typical of horse meat. Alanine and
arginine, together with histidine, complement the
profile with amino acids participating in buffering,
nitric oxide metabolism and maintenance of metabolic
homeostasis, indicating that the incorporation of plant
components did not deteriorate the overall amino acid
quality of the product.
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Table 3. Amino acid score of a horse meat roulade experimental sample

Amino acid Ap 911009 | Aer, 011000 | png op | AAAS,% | CAAS,% | BV, % | &
protein protein

Lysine 12,56 55 228,32 174,21 1

Tyrosine + 9,44 6 157,25 103,14 0,69

Phenylalanine

Leucine +

Isoleucine 5,95 11 54,11 0 98,19 139,86 0,24

Methionine 4,11 3 137,03 82,92 0,6

Valine 8,91 4.8 185,56 131,45 0,81

Threonine 6,06 4 151,54 97,43 0,66

The amino acid score analysis of the
experimental horse-meat roulade confirms the high
biological value of its protein and highlights certain
features of its limiting amino acid pattern(Table
1).Lysine shows the highest amino acid score
(AAS - 228,32%), indicating a pronounced excess
relative to the reference pattern and confirming the
product as an excellent source of this essential
amino acid. Valine, tyrosine+phenylalanine,
threonine and methionine also exceed 100%, which
means that their supply in 100 g protein of the
roulade fully covers and even surpasses
physiological requirements. In contrast, the

Experimental
sample

Figure 1. Cross-sectional surface of horse meat roulade

Evaluation of the roulade cross-sections
showed clear visual differences between the
control and experimental samples(Fig.1). The
control sample has a more compact, irregular
structure with loosely arranged muscle bundles and
less clearly separated layers of lean and fatty tissue.
In contrast, the experimental roulade demonstrates

samples
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leucinetisoleucine pair demonstrates the lowest
score (54,11%) and therefore acts as the first
limiting amino acid combination in the protein
system.lIts normalized coefficient (g;- 0,24) reflects
the fact that the effective utilisation of other
indispensable amino acids will be constrained
primarily by this fraction. The coefficient of amino
acid score differences (CAAS) reaches 98,19%,
while the biological value calculated by the amino
acid index method (BV) equals 139,86 %, which
allows the protein of the experimental roulade to be
classified as highly valuable.

Control
sample

a well-defined rolled architecture with distinct
alternating layers of darker muscle and lighter
intermuscular fat, as well as a clearly visible band
of plant coating between the layers. This layered
structure gives the experimental sample a more
uniform shape, a cleaner cut surface and a visually
“crafted” appearance.
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Figure 2. Profilogram of sensory profile of horse meat roulade samples

The sensory profile, assessed on a 5-point
scale (Fig.2), confirms the visual impression. The
experimental sample received slightly higher scores
for appearance, colour and smell, indicating that the
use of plant components improved surface colour
intensity and aromatic perception  without
introducing off-flavours. Texture scores were high
for control sample (control — 4,76; experimental —
4,59) but differed only marginally, suggesting that
the partial replacement of animal raw material did
not negatively affect perceived juiciness or
tenderness. The integrated sensory score increased
from 4,42 in the control to 4,53 in the experimental
sample, which indicates that the experimental
sample of roulade is at least not inferior, and in
several attributes slightly superior, to the traditional
product in overall consumer acceptability.

Partial replacement of meat and fat by plant
ingredients and additional bound moisture
reduced the protein content and the fat content of
the experimental sample. At the same time, the
appearance of carbohydrates (5,6%) is explained
by the presence of non-starch polysaccharides and
residual soluble carbohydrates from pumpkin
seed cake and calamus infusion. As a result, the
calculated energy value decreased, which
indicates a successful reduction of caloric density
while preserving a high amino-acid score. Similar
changes in proximate composition were reported
when pumpkin seed kernel flour or paste was used
as a fat replacer or functional ingredient in
meatballs and cooked meat batters, where Oztiirk
et al. and Ferrer-Gonzilez et al. observed
decreased fat content and energy value alongside
an improved fatty-acid profile and enhanced
nutritional functionality of the products[13, 14].

The slight but consistent decrease in pH in the
experimental roulade reflects the cumulative
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acidifying effect of the humic—fulvic complex and
phenolic acids from the calamus rhizome. Humic and
fulvic acids are weak polyelectrolytes rich in carboxyl
and phenolic groups, which can donate protons and
shift the equilibrium toward lower pH, while plant
polyphenols additionally contribute to acidification
and buffering of the muscle matrix. A moderate
decrease of ultimate pH in this range is generally
associated with improved water-holding capacity and
reduced exudative losses due to more favourable
protein hydration, as shown for pork and mutton by
Jankowiak et al. and Moustafa et al., which is in line
with the lower cooking loss observed in our
experimental variant[15, 16].

Lipid oxidation, assessed by the TBA index,
was substantially reduced in the experimental sample
compared with the control, representing a decrease of
about 31%. This effect is consistent with the high
radical-scavenging capacity of calamus rhizome
extracts, which are rich in phenolic compounds and
asarone derivatives, and have been shown by Shukla
et al. and Dinev et al. to exhibit pronounced
antioxidant activity in model food systems and
against mycotoxigenic fungi[17, 18].

The most pronounced technological effect of
the plant complex was the almost two-fold
reduction in cooking loss, from 32,8% in the
control to 17,01% in the experimental sample. This
can be explained by several complementary
mechanisms. First, the external paste from
pumpkin seed cake forms a semi-continuous plant
“coating” around the roulade, which acts as a
barrier to moisture and fat migration during
heating, analogous to the protective effect of
pumpkin seed paste and oleogel systems on yield
and juiciness in cooked meat batters reported by
Ferrer-Gonzalez et al. Second, the slightly lower
pH, together with the presence of humic—fulvic
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acids capable of binding metal ions and interacting
with muscle proteins, likely improves the water-
holding capacity of myofibrillar structures and
stabilises the gel network formed during heating, in
accordance with classical relationships between
pH, protein hydration and drip loss described for
different types of meat. Finally, dietary fibre and
protein from the pumpkin seed cake can absorb
exuded juices and retain them within the plant—
meat matrix, further limiting mass loss[19, 20].

Microbiological analysis showed low total
viable counts in both samples, with a slight
advantage of the experimental roulade andboth
values remain below the regulatory limit of 1x103
CFU/gfor this category of cooked meat products,
but the 11% reduction in TVC suggests a mild
preservative effect of the plant complex. Calamus
rhizome extracts and essential oil demonstrate
broad-spectrum antifungal and antibacterial
activity against food-spoiling microorganisms, as
shown by Shukla et al. and other authors, due to
membrane-active phenylpropanoids and phenolic
compounds. Humic substances also display
antibacterial ~ properties related to  their
polyphenolic fragments and ability to chelate
essential ions, as reported by Verrillo et al., while
pumpkin seed components have been proposed as
natural preservatives that improve colour and shelf-
life of meat products. Thus, the slightly lower
microbial load of the experimental roulade can be
attributed to the synergistic antimicrobial action of
calamus phenolics, humic—fulvic acids and
pumpkin seed bioactives superimposed on the
thermal lethality of the cooking process [21, 22].

Conclusion

The incorporation of calamus rhizome, a
humic—fulvic acid complex and pumpkin seed cake
into the horse-meat roulade led to a substantial
reformulation of its nutritional and technological
profile. Partial replacement of meat and fat by plant
ingredients reduced protein from 28,2% to 19,12%
and fat from 14,8% to 8,7%, while introducing 5,6%
carbohydrates and lowering the calculated energy
value from approximately 246,0 to 177,2 kcal/100 g.
These compositional shifts were accompanied by a
decrease in pH from 6,1 to 5,8 and a pronounced
reduction in lipid oxidation, with TBA values
declining from 0,45 to 0,31 mgMDA/kg. At the same
time, cooking loss was almost halved, from 32,8 % in
the control to 17,01 % in the experimental variant,
indicating improved water- and fat-binding and a
more stable structure during heat treatment. TVC
values were 7,2x10? CFU/g for the control and
8,1x10% CFU/g for the experimental sample, both
remaining below the regulatory threshold of 1x10°
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CFU/qg established by the normative documentation,
confirming that the plant complex did not
compromise, and may modestly enhance
microbiological safety under the tested conditions.

Sensory evaluation demonstrated that these
technological and biochemical modifications were
not achieved at the expense of consumer-relevant
quality. The experimental roulade showed equal or
superior scores for appearance, colour, smell and
taste compared with the control, with only a minor
and non-critical decrease in texture score. Taken
together, the data indicate that the combined use of
calamus rhizome, humic—fulvic acids and pumpkin
seed cake enables the development of a horse-meat
roulade with reduced caloric density, attenuated
lipid oxidation, lower cooking losses and stable
microbiological quality, while maintaining high
sensory acceptability.
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