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Abstract

The present study aimed to evaluate the effect of incorporating 3.0% powdered water–
ethanol extract from dried sea buckthorn pomace on the quality and safety of the traditional
Kazakh chunked delicacy Jaya. The optimal extraction conditions were established as 70%
ethanol at an ethanol-to-dry sea buckthorn pomace ratio of 1:5, yielding the highest sensory-
evaluated consumer preference. A two-way ANOVA was employed to assess the influence
of extract supplementation and refrigerated storage for 30 days at 0–4 ◦C on instrumental
colour, pH, acid and peroxide values, TBARS, texture profile, total phenolic content (TPC),
antioxidant activity, and microbiological status of the finished products. A statistically
significant (p < 0.05) increase in total phenolic content (18.6%), radical scavenging activity
against DPPH (9.6%), and ferric reducing antioxidant power (FRAP) (14.9%) was observed.
The addition of 3.0% sea buckthorn extract exerted a moderate effect in reducing oxidative
processes in Jaya. However, decreases in pH (from 6.10 to 5.93), discolouration of the
cut surface, and changes in the texture profile were noted. The incorporation of dried
sea buckthorn extract may thus be effectively applied in the production of the traditional
Kazakh chunked delicacy Jaya, contributing to enhanced oxidative stability, although it
may not improve pH, colour, or texture characteristics. Due to limitations of the present
study related to the addition of only one extract and a limited methodological panel, the
need to conduct an additional series of studies in the future is justified, in order to establish
the effect of adding lower levels (<3%) of the inclusion of the powdered extract of dried sea
buckthorn pomace on the quality and stability of the product.

Keywords: horse chunked meat; smoked ham; sea buckthorn; functional meat product;
bioactive substances; natural extracts; extract proportion
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1. Introduction
Traditional Kazakh cuisine is distinguished by a variety of meat-based products [1].

Among these, one of the most widely consumed and culturally significant is “Jaya,” which
holds both historical and cultural value [2]. “Jaya” is a delicacy consisting of cooked,
smoked meat, typically prepared during the winter months. The main ingredients for
this product include beef or horse meat, salt, sugar, and various spices [1,2]. Despite its
recognition for its distinctive flavour and traditional preparation methods, “Jaya” is prone
to lipid and pigment oxidation [3]. Such oxidative degradation, along with microbiological
spoilage, not only affects the sensory properties of the product but also leads to a loss of
nutritional value and a reduction in shelf life [4].

In recent years, numerous strategies aimed at enhancing the functional properties of
meat and meat products have been discussed within the scientific community [5]. One such
approach involves the incorporation of sea buckthorn preparations, which are rich in natu-
ral polyphenols known for their potent antioxidant properties. For instance, sea buckthorn
oil has been suggested as a means to improve the sensory and physicochemical quali-
ties of functional meat products [6]. Furthermore, products derived from sea buckthorn
processing have been utilised in the creation of biologically active food emulsions [7].

Sea buckthorn fruits (Hippophae rhamnoides L.) represent a valuable functional food
resource [8], containing a broad spectrum of lipophilic and hydrophilic bioactive com-
pounds [9,10]. These compounds have found extensive use, both as functional additives
in the food industry [11,12] and as a potential source of biologically active substances [13]
with therapeutic applications [14–16]. The therapeutic potential of Hippophae rhamnoides
L. is well-documented, with known anti-inflammatory [17–19], immunostimulating [20],
chemoprophylactic and therapeutic properties [21], as well as antiulcerogenic [22], anti-
hypertensive [23], and antiosteoporotic effects [24]. Accordingly, a variety of biologically
active compounds derived from sea buckthorn have been incorporated into food products
designed for the prevention of various diseases [25].

In meat products, sea buckthorn preparations are primarily utilised for their high
antioxidant [26] and antimicrobial properties [27,28]. Their in vitro antioxidant effects are
attributed to their notable ability to scavenge free radicals [29,30]. For instance, ground sea
buckthorn fruits have been added to pork sausages [31], fruit juice has been incorporated
into beef burgers [32], and dried fruit powder has been used in a functional horsemeat
delicacy [33].

Additionally, an edible potato starch film, incorporating various concentrations of a
water–ethanol extract from sea buckthorn pomace, has been employed to extend the shelf
life of beef jerky and super-chilled beef (−1.3 ◦C) [34,35]. The use of different solvents
for extracting various components of sea buckthorn has also been explored in the litera-
ture [36–39], and extraction protocols aimed at obtaining phenolic-rich antioxidants from
sea buckthorn have been optimised using the response surface methodology [40].

Despite the wealth of research on sea buckthorn, there appear to be no studies specif-
ically addressing the impact of powdered 70% ethanol extracts of defatted by-products
(i.e., dry-pressed pomace of Hippophae rhamnoides) on cooked-smoked horsemeat delicacies.
Therefore, the objective of the present study was to evaluate the influence of the addition
of powdered ethanol extract from defatted sea buckthorn pomace on the quality and safety
of the traditional Kazakh delicacy, Jaya.
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2. Materials and Methods
2.1. Materials

Horse meat. Chilled, deboned horse rump and fat were obtained from the slaughter-
house of Pervomaiskiye Delikatesy Ltd. (Kasyksky village, Kordaysky district, Kazakhstan)
48 h post mortem.

Defatted sea buckthorn pomace, a by-product of juice processing (Figure 1), was procured
from Yuantai Organic Ltd. (Tiangu, Yanta District, Xi’an, Shaanxi, China). The material
was dried at 50 ◦C for 18 h to reduce the moisture content while preserving the struc-
tural integrity. The dried pomace was subsequently ground into a fine powder (≤3 mm)
(Figure 2).

 
Figure 1. Defatted sea buckthorn pomace.

 
Figure 2. Crushed dried sea buckthorn pomace obtained after oil extraction.

All reagents and standards were an analytical grade and were purchased from Labor-
pharma Ltd. (Almaty, Kazakhstan) or Labhimprom Ltd. (Almaty, Kazakhstan).

2.2. Experimental Design
2.2.1. Ultrasound-Assisted Ethanol Extraction of Crushed Dry Defatted Sea Buckthorn
Pomace

Ultrasonic ethanol extraction was performed using three ethanol concentrations—50%,
70%, and 90%—at dry flake-to-solvent ratios of 1:5, 1:10, and 1:15 (w/v). The extraction was
conducted in a TTC Sapphire 4 L ultrasonic bath (JSC Sapphire, Moscow, Russia) operating
at 35 kHz and 150 W, at 60 ◦C for 30 min. The resulting extracts (Figure 3) were filtered and
subsequently centrifuged using a PE-6900 centrifuge (GEO-NDT LLC, Moscow, Russia) at
4000 min−1 for phase separation. Ethanol was then removed via rotary evaporation using
an IKA RV 5 rotary evaporator (IKA–Werke GmbH & Co., Staufen im Breisgau, Germany)
at a bath temperature of 60 ◦C under an absolute pressure of 5 kPa. The concentrated
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extracts were dried at 40–50 ◦C for 24–36 h to obtain a powdered form. The powdered sea
buckthorn extracts (Figure 4) were reconstituted in distilled water and homogeneously
mixed with nitrite salt and spices. The mixture was then moulded and air-dried according
to traditional methods of Jaya production.

 
Figure 3. Liquid extract from dried sea buckthorn pomace after filtration.

 
Figure 4. Dry extracts obtained from dried sea buckthorn pomace.

Preliminary technological experiments (Table 1) indicated that the highest extraction
yield (18%) was achieved using 70% ethanol at a solvent-to-material ratio of 1:5. This
result demonstrates the high efficiency of 70% ethanol as an extractant capable of solu-
bilising both polar and moderately non-polar compounds, such as phenolic acids and
flavonoids. Increasing either the solvent volume or the ethanol concentration beyond these
levels resulted in reduced yields, likely due to dilution effects and decreased solubility of
specific constituents.

Table 1. Yield of dry sea buckthorn extract depending on ethanol concentration and extractant ratio.

Ethanol
Concentration Ratio Output, g/40 g

Liquid Extract Output, %

50% 1:5 5.2 13.00
70% 1:5 7.2 18.00
90% 1:5 3.6 9.00
50% 1:10 3.9 9.75
70% 1:10 2.0 5.00
90% 1:10 1.3 3.25
50% 1:15 2.0 5.00
70% 1:15 1.9 4.75
90% 1:15 1.1 2.75

The extract obtained with 50% ethanol exhibited a dry powder consistency, orange
colour, light grassy aroma, and contained approximately 8% fatty acids.

The extract produced with 70% ethanol had a dark orange colour, characteristic sea
buckthorn aroma, and 12% fatty acid content. It was characterised by a pH of 3.88 and a total
phenolic content (TPC), determined by the Folin–Ciocalteu method, of 42 mg GAE/g of
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dry extract. The extract prepared using 90% ethanol displayed an oily powder consistency,
brown colour, slightly oily odour, and 15% fatty acid content.

Based on these findings, the optimal extraction conditions were determined to be
70% ethanol at a solvent-to-raw-material ratio of 1:5. Consequently, this extract type was
selected for further stages of the study. The decision to employ 70% ethanol extraction
of defatted sea buckthorn flakes was supported not only by the preliminary results but
also by literature evidence. Korekar et al. [37] reported that 70% ethanol yielded extracts
of Hippophae rhamnoides L. (sea buckthorn) fruit pulp, seeds, leaves, and stem bark with
the highest antioxidant capacity and total phenolic content. Furthermore, the adoption
of ultrasound-assisted extraction in the present study was informed by the findings of
Sharma et al. [39], who demonstrated that ultrasound and microwave-assisted methods
offer superior efficiency compared with Soxhlet extraction and maceration.

2.2.2. Preparation and Sensory Evaluation of Jaya Samples

Four Jaya samples were prepared: a control (without extract) and three experimental
formulations incorporating 5%, 7%, and 9% sea buckthorn extract, respectively (Figure 5).
The samples were subjected to sensory evaluation for consumer preference. A trained
panel of ten assessors participated in three one-hour training sessions, during which
reference samples representing varying intensities of colour (cross-sectional surface), aroma,
flavour, texture, uniformity, and moisture were evaluated, following the guidelines of
Meilgaard [41].

 

Figure 5. Effect of the addition of 5, 7 and 9% sea buckthorn extract on the sensory evaluated
consumer preference of traditional Kazakh chunked delicacy “Jaya”.

Consumer preference scores were obtained using a five-point hedonic scale
(1 = strongly dislike; 5 = strongly like). Data were analysed by one-way analysis of
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variance (ANOVA), followed by Tukey’s post hoc test, with statistical significance set at
p < 0.05. All analyses were performed using SPSS software, version 26.

The results indicated that the sample containing 5% sea buckthorn extract most closely
resembled the control in appearance and texture. However, its flavour and aroma were
more pronounced and not characteristic of the traditionally produced Jaya in Kazakhstan.

2.2.3. Rationale for Determining the Optimal Level of Sea Buckthorn Extract

The findings of this preliminary investigation prompted us to review relevant studies
by other researchers, although their experiments involved different types of meat products
and various sea buckthorn preparations.

Guo et al. [34] recommended the incorporation of 2–4 wt% sea buckthorn flake extract
into esterified potato starch films used for packaging dried beef, noting that a 6% addition
adversely affected the product’s odour. In a subsequent study, Guo et al. [35] reported that
a 3 wt% concentration of sea buckthorn flake extract was optimal for combined packaging
of super-chilled beef with starch film stored at −1.3 ◦C.

Similarly, Wojtaszek et al. [33] proposed the addition of 1% sea buckthorn juice to
stabilise the quality of beef burgers. It should be emphasised, however, that the total
phenolic content of sea buckthorn juice (2758.9 ± 53.80 mg GAE/100 g) is several times
higher than that of the dried preparation used in the present study.

Anchidin et al. [6] reached comparable conclusions, reporting high consumer accept-
ability of pork fillets injected with 1% and 3% sea buckthorn oil, while indicating that a 5%
injection level was excessive and negatively affected sensory characteristics.

For cooked sausages, Saleida et al. [31] identified the addition of 3% ethanol extract
of sea buckthorn fruits as the optimal concentration, whereas Kozhakhieva et al. [32] rec-
ommended producing a functional cooked-smoked horse meat delicacy (Jaya) by injecting
a 20% brine containing 5 kg of powdered sea buckthorn fruit extract per 100 kg of meat
(equivalent to approximately 1.0% in the finished product).

In light of these findings, we decided to proceed with further experiments employing
a 70% brine solution containing 3 kg of defatted pulp flake extract per 100 kg of meat,
corresponding to a final concentration of 2.1% in the finished Jaya product.

2.2.4. Preparation of the Jaya Chunked Horse Meat Delicacy

The horse meat used in this study was delivered to the Educational and Scientific
Centre of Meat Processing at the Almaty Technological University (ATU), Kazakhstan where
the experimental production of the traditional chunked delicacy Jaya was carried out.

The chilled meat arrived at a temperature of 2 ◦C. Only lean muscle cuts, specifically
from the rear rump (including m. semimembranosus, m. semitendinosus, and m. biceps
femoris), free from visible fat, sinew, and connective tissue, were selected. This selection is
critical to ensure a fine and tender texture in the final product, while also meeting hygienic
food safety requirements. During preparation, layers of horse fat were placed between two
pieces of muscle.

Brine Preparation and Injection

The formulation for 100 kg of Jaya consisted of 100,000 kg of horse meat and fat,
injected with 70,000 kg of brine containing sea buckthorn extract. The brine (100 L total)
was prepared by dissolving 3000 kg of sea buckthorn extract powder, 7000 kg of table
salt, 1500 kg of nitrite curing salt (containing 0.6% NaNO2), and 0.250 kg of ground white
pepper in 100 L of chilled water (2 ◦C). The brine was mechanically homogenised to ensure
complete dissolution of the salts and uniform distribution of the extract.
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A 70% brine injection (relative to the meat’s weight) was administered using a single-
head injector (Günther PI 16, Günther Maschinenbau GmbH, Eppertshausen, Germany)
equipped with 16 needles, operating at a pressure of 0.2 MPa.

Tumbling and Moulding

Following injection, the horse meat was vacuum-tumbled for 6 h at 2–4 ◦C. The
tumbled pieces were then arranged in special aluminium moulds: a lower layer of horse
rump meat, a middle layer of horse fat, and an upper layer of horse rump meat. The
moulded Jaya pieces were removed from the forms, placed in a single layer on sausage-cart
grills, and subjected to a three-phase heat treatment process.

Thermal Processing

Searing: The first stage involved searing at 80 ◦C for 90 min to remove surface moisture
and prepare the product for further heat treatment.

Steaming: The second stage consisted of steaming at 80 ◦C for 70 min, until the internal
temperature of the meat reached at least 73 ◦C.

Drying: The third stage involved hot-air drying at 60 ◦C for 10 min.

Smoking and Packaging

The cooked Jaya pieces were smoked for 20 min at 60 ◦C using beech wood chips,
imparting the characteristic pronounced smoked aroma and flavour of traditional Jaya.
The smoked products were then cooled within one hour to an internal temperature not
exceeding 4 ◦C and hermetically vacuum-packed in multilayer barrier foil packaging.

After labelling, the packaged Jaya samples (Figure 6) were stored at 0–4 ◦C until
further analysis.

 

Figure 6. Traditional Kazakh chunked delicacy from horse meat “Jaya”.

2.2.5. Determination of Quality Parameters of the Traditional Kazakh Chunked Horse Meat
Delicacy Jaya

Two samples of the traditional Kazakh chunked horse meat delicacy Jaya were evalu-
ated: a control sample (containing 0% sea buckthorn extract) and an experimental sample
(containing 3% dried sea buckthorn extract). Both samples were stored for 30 days at
0–4 ◦C.

During the storage period, changes were assessed in instrumental colour parameters
(L*, a*, b*), pH value, texture profile analysis (TPA), as well as hydrolytic and oxidative
alterations in the lipid and protein fractions. In addition, total phenolic content (TPC),
antioxidant activity, and microbiological quality were examined.
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2.3. Methods
2.3.1. Instrumental Colour

The instrumental colour parameters—lightness (L*), redness (a*), and yellowness (b*)—
of the cross-sectional surface of the Jaya muscle pieces were determined using a Konica
Minolta CR-410 colourimeter (Konica Minolta Holdings, Wayne, NJ, USA) following the
procedure described by King et al. [42].

2.3.2. pH Value

The pH value was measured using a Hanna pH meter, model HI99163 (Hanna Instru-
ments, Smithfield, RI, USA), equipped with a meat contact sensor tip (type FC099). The
instrument was calibrated before each use with certified buffer solutions of pH 4.04 and
6.86 [43].

2.3.3. Texture Profile Analysis (TPA)

Samples were cut into cubes measuring 1 × 1 × 1 cm. Texture profile analysis was
conducted using a TX-700 texture analyser equipped with a 25 kg load cell (Lamy Rheology,
Champagne-au-Mont-d’Or, France), following the method of Kolev et al. [44].

2.3.4. Extraction of Muscle Proteins

Muscle proteins were extracted following a modification of the method of Khan [45].
A 2.5 g meat sample was homogenised with 48.5 cm3 phosphate-buffered saline (49 mM
Na2HPO4·7H2O, 4.5 mM NaH2PO4·H2O, KCl) to achieve an ionic strength of 0.55. The
homogenate was conditioned for 12 h at 0–+4 ◦C and then centrifuged for 15 min at
1000× g.

2.3.5. Hydrolytic and Oxidative Changes in Lipid Fraction

The acid value (AV) was determined according to ISO 660:2020 [46].
The peroxide value (POV) was measured using the method of Shantha and Decker [47]

with a double-beam UV–Vis spectrophotometer, model M550 (CamSpec Ltd., Leeds, UK).
The 2-thiobarbituric acid reactive substances (TBARS) were quantified following the

method of Botsoglou et al. [48], as modified by Moraru Manea et al. [49].

2.3.6. Hydrolytic and Oxidative Changes in Protein Fraction

The free amine nitrogen (FAN) content was determined using a double-beam UV–Vis
M550 spectrophotometer (CamSpec Ltd., Leeds, UK), according to the method of Vassilev
et al. [50].

The concentration of carbonyl groups was measured following the method of Mercier
et al. [51].

2.3.7. Antioxidant Activity

The total phenolic content (TPC) was determined by the Folin–Ciocalteu method,
following Vardakas et al. [52].

The radical scavenging activity against 1,1-diphenyl-2-picrylhydrazyl (DPPH) was
evaluated according to the procedure of Brand-Williams et al. [53], as modified by Dinkova
et al. [54].

The ferric reducing antioxidant power (FRAP) assay, assessing metal ion (Fe3+) chelat-
ing activity, was conducted using the modified method of Benzie and Strain [55], as
described by Dinkova et al. [54].
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2.3.8. Sensory Analysis

Sensory evaluation of consumer preference for Jaya samples was conducted following
the recommendations of Drake et al. [56].

2.3.9. Microbiological Evaluation

Microbiological safety was assessed on days 1, 15, and 30 of storage at 0–+4 ◦C using
four indicators:

Total aerobic plate count (TAPC)—determined according to GOST R 54354-2011 [57];
Moulds, yeasts, and spore-forming microorganisms—analysed by GOST 10444.15-

94 [58];
Coliforms—detected in 1.0 g of product according to GOST 31747-2012 [59];
Salmonella spp.—examined in 25 g of product according to GOST 31659-2012 [60].

2.3.10. Statistical Analysis

Data were statistically analysed using two-way ANOVA followed by Tukey’s post hoc
test (p < 0.05) in GraphPad Prism software version is 10.6.1 (n = 6). The two experimental
factors considered were storage time and the addition of dried sea buckthorn extract [61].

3. Results
3.1. Effect of Dry Sea Buckthorn Extract on the Instrumental Colour of the Traditional Kazakh
Chunked Horse Meat Delicacy Jaya

The results of the instrumental colour measurements—lightness (L*), redness (a*), and
yellowness (b*)—of Jaya samples during storage at 0–4 ◦C are presented in Table 2.

Table 2. Instrumental colour (L*, a*, b*) of samples during storage at 0–+4 ◦C.

Parameter Control Sample Experimental Sample

L*-1d 50.56 bx ± 0.20 43.43 dy ± 0.17
L*-30d 48.70 cy ± 0.28 53.07 ax ± 0.24

p-value

Factor
Time of storage

Factor Addition of
sea buckthorn extract

Factor
interaction

<0.001 <0.001 <0.001

a*-1d 20.77 ax ± 0.30 20.10 bx ± 0.23
a*-30d 20.84 ax ± 0.26 16.09 cy ± 0.17

p-value

Factor
Time of storage

Factor Addition of
sea buckthorn extract

Factor
interaction

<0.001 <0.001 <0.001

b*-1d 7.29 bx ± 0.18 7.35 bx ± 0.20
b*-30d 6.59 cy ± 0.20 9.32 ax ± 0.14

p-value

Factor
Time of storage

Factor Addition of
sea buckthorn extract

Factor
interaction

<0.001 <0.001 <0.001
The results are presented as mean ± SEM; a, b, c, d, x, y index statistically significant (p ≤ 0.05) differences.

Both experimental factors, namely storage time and the addition of sea buckthorn
extract, as well as their interaction, significantly (p < 0.05) influenced the instrumental
colour of the chunked delicacy (Table 2). Lightness (L*) decreased significantly (p < 0.05) on
the first day of refrigerated storage, but increased by 4.37 units after 30 days. In contrast, the
red colour component (a*) decreased significantly on day 1, while the yellow component
(b*) did not change significantly (p > 0.05) during the same period.
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After 30 days of storage, the red component (a*) had decreased by approximately 23%,
whereas the yellow component (b*) had increased by 29%. These results indicate that the ad-
dition of dry sea buckthorn extract and storage time have distinct and measurable effects on
the colour attributes of Jaya, with implications for visual quality and consumer perception.

The results indicate that the addition of sea buckthorn extract caused significant
(p < 0.05) discoloration of the Jaya cut surface, which appeared paler pink compared with
the control sample.

3.2. Effect of Dry Sea Buckthorn Extract on the pH Value of the Traditional Kazakh Chunked Horse
Meat Delicacy Jaya

It was observed that only the storage time significantly (p < 0.05) influenced the pH of
the samples (Figure 7). A similar decreasing trend in pH was noted for both the control and
experimental samples throughout the storage period. The pH of the experimental sample
was consistently lower than that of the control by 0.13–0.33 units, ranging between 5.77
and 5.97.
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Time of 

storage 

Factor  

Addi-

tion of 

sea  

buck-

thorn 

extract 

Factor 

interac-

tion 

 < 0.001 0.115 0.115 

0

1

2

3

4

5

6

7

 1 day 30 day
Control sample Experimental sample

Figure 7. pH value of samples during storage at 0–4 ◦C.

3.3. Effect of Dry Sea Buckthorn Extract on the Texture Profile (TPA) of the Traditional Kazakh
Chunked Horse Meat Delicacy Jaya

The texture profile analysis (TPA) parameters of the two Jaya samples during storage
at 0–4 ◦C are presented in Table 3.

Storage time did not significantly (p > 0.05) affect hardness or cohesiveness, and
the addition of sea buckthorn extract did not significantly influence resilience (p > 0.05).
Furthermore, the interaction between storage time and extract addition had no significant
effect (p > 0.05) on cohesiveness, springiness, chewiness, or resilience (Table 3).

The addition of 3% sea buckthorn extract, however, resulted in a significant (p < 0.05)
reduction in hardness by a factor of 1.41–1.33. After 30 days of refrigerated storage, cohe-
siveness and resilience remained largely unchanged, whereas springiness, gumminess, and
chewiness decreased significantly (p < 0.05) by 0.10, 23.38 N, and 21.24 N·cm, respectively
(Table 3).
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Table 3. Texture profile (TPA) of samples during storage at 0–4 ◦C.

Parameter Control Sample Experimental Sample

Hardness, N-1d 55.43 b ± 0.56 39.17 c ± 0.61
Hardness, N-30d 60.99 a ± 0.81 26.07 d ± 0.83

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.296 <0.001 0.025

Cohesiveness-1d 0.57 ax ± 0.05 0.47 ax ± 0.08
Cohesiveness-30d 0.48 bx ± 0.05 0.34 bx ± 0.06

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
40.00 0.003 0.436

Springiness-1d 0.66 ax ± 0.03 0.55 ax ± 0.09
Springiness-30d 0.57 ax ± 0.07 0.47 bx ± 0.07

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.040 0.017 0.914

Gumminess, N-1d 33.22 a ± 0.37 23.53 b ± 0.63
Gumminess, N-30d 32.43 a ± 0.68 10.05 c ± 0.46

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Interactor
interaction

0.010 <0.001 0.017

Chewiness, N * cm 1d 22.90 ax ± 0.31 16.75 bx ± 0.68
Chewiness, N * cm 30d 20.65 ax ± 0.67 5.41 by ± 0.30

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.012 <0.001 0.062

Resilience-1d 0.20 ax ± 0.03 0.20 ax ± 0.08
Resilience-30d 0.15 ay ± 0.02 0.10 ay ± 0.02

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.003 0.238 0.306

The results are presented as mean ± SEM; a, b, c, d, x, y index statistically significant (p ≤ 0.05) differences.

Overall, both the control and experimental samples exhibited a significant (p < 0.05)
decline in springiness, gumminess, chewiness, and resilience over the 30-day storage period
(Table 3), indicating that storage time exerts a measurable influence on the texture of Jaya.

3.4. Effect of Dry Sea Buckthorn Extract on Hydrolytic and Oxidative Changes in Lipid and
Protein Fractions of the Traditional Kazakh Chunked Horse Meat Delicacy Jaya

The results of hydrolytic and oxidative changes in the lipid and protein fractions of
the two Jaya samples during storage at 0–4 ◦C are presented in Table 4.

Both storage time and the addition of sea buckthorn extract significantly (p < 0.05)
influenced the indicators of lipolytic changes, as measured by the acid value (AV). After
30 days of storage, AV increased significantly (p < 0.05) in both samples, by 15.2% in the
control and by 40.7% in the experimental sample (Table 4).
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Table 4. Hydrolytic and oxidative changes in lipid and protein fractions during storage at 0–4 ◦C.

Parameter Control Sample Experimental Sample

AV, mg KOH/g-1d 0.28 b ± 0.07 0.35 b ± 0.05
AV, mg KOH/g-30d 0.33 b ± 0.04 0.59 a ± 0.09

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.002 <0.001 0.018

POV, meqO2/kg-1d 0.11 b ± 0.02 0.11 b ± 0.02
POV, meqO2/kg–30d 0.55 a ± 0.03 0.45 a ± 0.05

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
<0.001 0.063 0.047

TBARS, mg MDA/kg-1d 0.47 ax ± 0.04 0.26 bx ± 0.02
TBARS, mg MDA/kg-30d 0.49 ax ± 0.06 0.36 bx ± 0.02

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.057 <0.001 0.248

FAN, mg Ala/g-1d 1.02 ± 0.19 1.14 ± 0.14
FAN, mg Ala/g-30d 1.09 ± 0.14 1.21 ± 0.09

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
0.631 0.444 0.983

Protein carbonyls,
nmol DNPH/g protein-1d <LoD <LoD

Protein carbonyls,
nmol DNPH/g

protein-30d
<LoD <LoD

p-value
Factor

Time of storage
Factor Addition of

sea buckthorn extract
Factor

interaction
- - -

The results are presented as mean ± SEM; a, b, x, index statistically significant (p ≤ 0.05) differences; LoD—Limit
of detection.

The incorporation of 3% sea buckthorn extract caused a significant (p < 0.05) increase
in AV at both time points, with an increase of 20% after 1 day and 40% after 30 days of
storage (Table 4).

It should be noted, however, that the AV levels remained relatively low, ranging
from 0.28 to 0.59 mg KOH/g, which is substantially below the 1.00 mg KOH/g threshold
considered acceptable for high-quality meat products [40].

The addition of 3% sea buckthorn extract did not have a significant (p > 0.05) effect
on primary lipid oxidation products, as measured by the peroxide value (POV); however,
storage time significantly (p < 0.05) influenced POV, which increased by 0.34–0.44 meq
O2/kg in both samples (Table 4). Similar to AV, POV levels remained relatively low,
ranging from 0.11 to 0.55 meq O2/kg, well below the 1.00 meq O2/kg threshold considered
acceptable for cooked meat products [43].

Storage time did not significantly (p > 0.05) affect secondary lipid oxidation products,
measured as 2-thiobarbituric acid reactive substances (TBARS). In contrast, the addition of
3% sea buckthorn extract significantly (p < 0.05) reduced TBARS by 26.5–44.7% (Table 4).
TBARS levels remained relatively low, ranging from 0.26 to 0.49 mg MDA/kg, which is
below the 3.00 mg MDA/kg limit deemed acceptable for cooked meat products [43].

Neither storage time, the addition of sea buckthorn extract, nor their interaction had a
statistically significant (p > 0.05) effect on free amine nitrogen (FAN) or protein carbonyl
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content (Table 4). These results indicate that proteolytic processes and protein oxidation
were not affected by the experimental conditions.

3.5. Effect of Dry Sea Buckthorn Extract on Total Phenolic Content and Antioxidant Activity of the
Traditional Kazakh Chunked Horse Meat Delicacy Jaya

The total phenolic content (TPC) and antioxidant activity of the two Jaya samples
during storage at 0–4 ◦C are summarised in Table 5.

Table 5. Total phenolic content and antioxidant activity during storage at 0–+4 ◦C.

Parameter Control Sample Experimental
Sample p-Value

TPC, mg GAE/kg 2458.22 b ± 13.00 3014.62 a ± 4.77 0.0140
% Inhibition of DPPH 37.09 b ± 1.31 41.03 a ± 1.05 0.0329
FRAP, mmol TE/kg 4456.30 b ± 17.80 5235.94 a ± 6.36 0.0231

The results are presented as mean ± SEM; a, b index statistically significant (p ≤ 0.05) differences.

The addition of 3% sea buckthorn extract to the Jaya chunked delicacy resulted in a
significant (p < 0.05) increase in total phenolic content (TPC) by 18.5%, in radical scavenging
activity against DPPH by 9.6%, and in ferric (Fe3+) ion-chelating activity (FRAP) by 14.9%
(Table 5).

3.6. Effect of Dry Sea Buckthorn Extract on the Microbiological Status of the Traditional Kazakh
Chunked Horse Meat Delicacy Jaya

The microbiological status of the two Jaya samples during storage at 0–4 ◦C is pre-
sented in Table 6. Mesophilic aerobic and facultative anaerobic microorganisms, coliforms
in 1.0 g of product, and Salmonella spp. in 25 g of product were not detected throughout the
30-day storage period in either the control or experimental samples (Table 6).

Table 6. Microbiological status of chunked delicacy “Jaya” stored at 0–4 ◦C.

Samples Time of Storage at 0–+4 ◦C
Day 5 Day 10 Day 15 Day 30

Total aerobic plate count (TAPC), CFU/g
Control sample Not detected Not detected Not detected Not detected

Experimental sample Not detected Not detected Not detected Not detected

Moulds, yeasts, and other spore-forming microorganisms, CFU/g
Control sample Not detected Not detected 1 × 102 1 × 103

Experimental sample Not detected Not detected Not detected Not detected

Presence of coliforms in 1.0 g of product, CFU/g
Control sample Not detected Not detected Not detected Not detected

Experimental sample Not detected Not detected Not detected Not detected

Presence of Salmonella spp. in 25 g of product, CFU/g
Control sample Not detected Not detected Not detected Not detected

Experimental sample Not detected Not detected Not detected Not detected
Total aerobic plate count (TAPC), an indicator of overall bacterial contamination, representing the number of
mesophilic aerobic and facultative anaerobic microorganisms.

Only moulds, yeasts, and other spore-forming microorganisms were detected, with
levels reaching up to 1 × 103 CFU/g. These values remain within the permissible limits for
cooked and smoked meat products. These results demonstrate that the applied processing
technology for Jaya ensures the microbiological safety of the product, irrespective of the
addition of 3% sea buckthorn extract.
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4. Discussion
The results obtained concerning the instrumental colour changes on the cut surface of

the control Jaya samples (Table 2) can be attributed to a series of chemical transformations
that myoglobin undergoes during technological processing and storage, which influence
colour development. Horsemeat is characterised by a rich raspberry-red hue due to its
high heme iron content, primarily derived from myoglobin [32]. During the injection
and tumbling processes, myoglobin interacts with sodium nitrite from the brine, forming
metmyoglobin. Subsequently, prior to heat treatment, it reacts with nitric oxide—released
from sodium nitrite through the action of denitrifying bacteria—resulting in the formation
of nitrosomyoglobin [42].

Upon thermal processing of Jaya under mildly acidic conditions (pH 6.10; Figure 7), the
globin component of nitrosomyoglobin denatures, yielding nitrosyl-hemochrome, a pinkish-
red pigment responsible for the typical colour of cooked-smoked meat products [41].
When the cut surface is exposed to atmospheric oxygen and light, this pigment undergoes
oxidation, leading to a fading of colour and a shift towards grey tones [42].

Jaya is subjected to intensive hot smoking using dense smoke. The phenolic com-
pounds present in the smoke possess notable antioxidant properties. However, the pene-
tration capacity of smoke is limited, with components accumulating only on the surface
and within a few millimetres below it. This results in a caramel-brown coloration of
the product’s outer surface, which is not solely due to smoke deposition but also to the
Maillard reaction between protein degradation products and oxidised lipids. The result-
ing melanoidins, in conjunction with smoke components, contribute to the characteristic
brown-red hue of the surface.

In the experimental samples, a slightly lower pH was observed, ranging between 5.77
and 5.97 (Figure 7), attributable to the acidic nature (pH 3.88) of the 3% dry sea buckthorn
extract added to the brine. Sea buckthorn varieties generally exhibit pH values between
2.73 and 3.00 [27].

It is well established that the visual perception of red diminishes with decreasing pH,
primarily due to the behaviour of myoglobin [42]. Therefore, the nitrosyl-hemochrome
formed in a more acidic environment (pH 5.77) following heat treatment manifests in
lighter tones and is more prone to oxidative fading [42]. The total phenolic content (TPC)
of 42 mg GAE/g dry extract does not appear to be sufficient to inhibit this oxidation under
the given acidic conditions. Similar colour degradation has been reported in pork fillet and
cooked sausages injected with 1% and 3% sea buckthorn oil or extract (Hippophae rhamnoides
L.) [6,31].

These observations are consistent with the pH changes in the brine (Figure 7) and the
alterations in textural parameters of the final product. The addition of 3% sea buckthorn
extract resulted in a statistically significant (p < 0.05) reduction in hardness, springiness,
gumminess, and chewiness. In contrast, Anchidin et al. [6] reported a less pronounced
pH decrease (to 6.17–6.19) in pork fillets injected with comparable concentrations of sea
buckthorn oil.

The texture of meat products is largely influenced by the structural integrity of muscle
proteins. In more acidic conditions, the water-holding capacity of these proteins is reduced,
which alters their structural and mechanical properties [32]. As a result, the meat loses
some of its retained moisture, which likely accounts for the observed decrease in stickiness,
the firmer and rubberier texture, and the increased chewing difficulty of the experimental
samples compared to the controls.

The slightly more acidic pH of the experimental Jaya samples may also explain the
observed increase of 0.26 mg KOH/g in acid value (AV) and 0.12 mg Ala/g in free amino
nitrogen (FAN) after 30 days of refrigerated storage in vacuum packaging. It is plausible
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that this lower pH promotes more active lipolytic and proteolytic reactions in the thermally
processed Jaya.

The increase in TPC by 556.4 mg GAE/kg contributed to a 3.94% greater inhibition of
DPPH radical activity and an increase of 779.64 mmol TE/kg in FRAP, indicating enhanced
oxidative stability in samples containing sea buckthorn. This may explain the reduced
formation of primary lipid oxidation products (as evidenced by a 0.10 meqO2/kg lower
peroxide value (POV) and secondary oxidation products (0.13 mg MDA/kg lower TBARS
levels) after 30 days of cold storage (0–4 ◦C).

This interpretation is further supported by the known presence of bioactive com-
pounds in sea buckthorn (Hippophae rhamnoides), including fatty acids (e.g., ascorbic, malic,
citric, and succinic acids, as well as polyunsaturated fatty acids), tocopherols, carotenoids,
flavonoids, phytosterols, and other polyphenols [7–9,30,62].

Importantly, our findings indicate that protein oxidation was negligible in all samples.
This suggests that the technological interventions applied—particularly smoking, vacuum
packaging, and storage at low temperatures (0–4 ◦C)—were sufficient to inhibit protein
oxidation within the product matrix. Consequently, any potential effect of the 3% sea
buckthorn extract on protein oxidative stability was not detectable.

A comparable observation can be made regarding the microbiological condition of
the two Jaia samples. The results indicate that the production technology employed for
this equine delicacy—comprising hot air drying, boiling, and hot smoking, followed by
rapid cooling, vacuum packaging, and storage at low temperatures (0–4 ◦C)—is sufficiently
robust to ensure the microbial safety of the final product. In this context, the bactericidal
effect attributed to the addition of 3% sea buckthorn extract to the brine used for injecting
the horse meat appears to be largely overshadowed by the subsequent heat treatment,
smoking, and other technological processes, making it difficult to assess its independent
influence on the microflora. Nevertheless, it was observed that no mould or yeast spores
were detected in the experimental Jaia samples after 30 days of refrigerated storage.

5. Conclusions
The obtained results and their evaluation partially confirmed the working hypothesis

of this study, namely that the incorporation of 3.0% powdered water–ethanol sea buckthorn
pomace extract into the injection brine of the traditional Kazakh chunked horse-meat
delicacy Jaya can contribute to the stabilisation of the product’s quality and safety.

An enhancement in the antioxidant stability of Jaya was observed, accompanied by
a moderately pronounced inhibitory effect on both hydrolytic and oxidative processes.
Concurrently, a slight decrease in pH and a modification of the texture profile were recorded,
along with noticeable discolouration on the cut surface of the product.

It is therefore recommended that further experiments be conducted using concentra-
tions of powdered sea buckthorn pomace extract lower than 3.0% in the injection brine of
the traditional Kazakh horse-meat delicacy Jaya, in order to optimise its technological and
sensory properties.

Author Contributions: Conceptualization, M.K.A., S.A.A. and S.G.D.; methodology, D.K.B. and
D.B.V.-V.; software, N.D.K.; validation, A.N.K., N.D.K., D.K.B., A.D.Y.-N. and N.N.N.-D.; formal
analysis, S.G.D.; investigation, N.D.K., D.K.B., A.N.K., A.D.Y.-N. and N.N.N.-D.; resources, M.K.A.
and S.A.A.; data curation, D.K.B. and D.B.V.-V.; writing—original draft preparation, S.G.D.; writing—
review and editing, S.G.D. and D.B.V.-V.; visualization, N.D.K.; supervision, S.A.A. and S.G.D.;
project administration, M.K.A.; funding acquisition, S.A.A. All authors have read and agreed to the
published version of the manuscript.



Foods 2025, 14, 3698 16 of 19

Funding: This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan via Project BR24993234 “Innovative technologies for the
production of national products: Intensification and digitalization of meat and dairy products”.

Institutional Review Board Statement: The research was carried out on the basis of letter of as-
signment No. 1958 of 30 June 2025 of vice-rector for research and mobility at the University of food
technologies—Plovdiv. The sensory evaluation of the samples in the study was done using a hedonic
scale and did not require ethical consent. It did not involve human experimentation in the same way
as clinical and psychological research.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding authors.

Acknowledgments: Authors acknowledge Acad. Talgat Kulazhanov, DSc.—Rector of Almaty Tech-
nological University, Almaty and Galin Ivanov, DSc.—Rector of the University of Food Technologies,
Plovdiv for their assistance and administrative support in conducting research on this project.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

ANOVA Analysis of variance
AV Acid value
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