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Abstract. Optimising piglet metabolism in the early postnatal period is an important task in modern
animal husbandry. The use of functional additives such as SCFA-M can have a positive effect on protein
and energy metabolism, reduce stress, and improve the productivity and health of piglets. The aim of
the study was to determine the effect of SCFA-M on protein and energy metabolism and the general
physiological condition of animals in the early rearing stage. The study was conducted on 42-day-old
piglets divided into control and experimental groups; the animals in the experimental group received
SCFA-M as part of their diet. The evaluation was carried out using biochemical methods of blood analysis
to determine the levels of major metabolites and the activity of key enzymes; statistical processing was
performed with a check of the normality of distribution and the corresponding parametric/non-parametric
criteria. The use of SCFA-M significantly modulated protein metabolism: total protein increased by 9.1%
(P>0.05), globulins by 31.8% (P >0.001), while the protein coefficient decreased by 16.5% (P >0.001) .
Aminotransferase activity was lower, indicating less stress on the liver.Blood urea and urea nitrogen levels
decreased by 16.5% and 20%, respectively, indicating more efficient nitrogen utilisation. Carbohydrate
and mineral metabolism also improved: glucose increased to 6.48 mmol/L (+47.9%; P >0.001), calcium
absorption increased by 10%, and phosphorus absorption increased by 28.9% (P > 0.001). The results
obtained expand understanding of the mechanisms of action of monoglycerides and confirm the
feasibility of their use in pig farming; at the same time, they require further research with longer
monitoring, performance evaluation and intestinal homeostasis indicators. The practical significance lies
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Features of piglet metabolism under the application of monoglycerides

in the possibility of using SCFA-M as part of support programmes for piglets in the post-weaning period,
with a possible reduction in the need for antibacterial agents and an improvement in animal welfare

Keywords: SCFA-M; protein metabolism; enzymes; energy metabolism; mineral metabolism

Introduction

The post-weaning period in pig farming was ac-
companied by a high risk of metabolic destabili-
sation, diarrhoea and growth suppression caused
by stress, diet changes and intestinal microbi-
ome restructuring. The need for antibiotic-free
strategies to support barrier function and me-
tabolism is driving demand for functional lipid
supplements. During this period, it is particularly
important to maintain the stability of the intes-
tinal environment and control opportunistic mi-
croflora, as these factors determine the animal’s
ability to effectively absorb nutrients. In addition,
the increased susceptibility of young animals to
infectious agents, combined with restrictions on
the use of antibiotics, stimulates the search for
new approaches to feeding.

C.S. White et al. (2024) noted that short- and
medium-chain fatty acid monoglycerides (SCFA/
MCFA) combine antimicrobial and metabol-
ic-modulating properties. They emphasised that,
unlike free acids, monoglycerides are more stable
in the intestinal lumen, are better tolerated and
act over a wider pH range; they are capable of dis-
rupting the lipid membranes of pathogens while
serving as an energy substrate for enterocytes and
commensal bacteria. The authors also empha-
sised that these properties create the conditions
for strengthening the barrier function of the in-
testine and improving the absorption of nutrients.
Z.Cui et al.(2020) found that under standard hous-
ing conditions, SCFA/MCFA monoglycerides had
no significant effect on the average performance
of weaned piglets, but there were positive signals
regarding intestinal health and metabolic mark-
ers. The researchers also emphasised that the ef-
fects may be more pronounced under conditions
of stress or infection, indicating the potential of
such supplements in specific scenarios.

Researchers L. Li et al. (2022) showed that
in multifactorial feeding schemes, the effects of
monoglycerides on growth and feed conversion
were variable but were accompanied by improve-
ments in selected indicators of intestinal homeo-
stasis and inflammatory response. They added that
monoglycerides can modulate metabolic process-
es and immune responses even in the absence of
a significant impact on overall production perfor-
mance. L.L. Thomas et al. (2020) determined that
adding a mixture of monoglycerides to piglets
reduced the gain/feed ratio in ETEC-infected pigs
and reduced the severity of intestinal disorders
while maintaining the local immune response. The
authors noted that these properties make mono-
glycerides a promising tool for reducing antibiotic
use in intensive farming programmes.

A.Kumar et al. (2022) showed that in a mod-
el of necrotic enteritis in poultry, monoglyceride
mixtures demonstrated barrier-strengthening ef-
fects but did not always translate into improved
performance. They further emphasised that the ef-
fectiveness of such additives is highly dependent
on the composition of the mixture and the spe-
cific conditions of the disease, which is important
for the adaptation of feeding programmes. L. Li et
al. (2023) investigated the effect of a-GML in sows
during late gestation and lactation and found an
increase in piglet weight at weaning and a change
in nutrient digestibility, indicating an indirect ef-
fect on the early postnatal period of piglets. The
authors emphasised that maintaining the health
of sows can have long-term consequences for the
productivity and sustainability of offspring.

Researchers M. Yang et al. (2024) concluded
that the effectiveness of monoglycerides is largely
determined by the dose, diet matrix, age and phys-
iological condition of the animals, as well as the
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epizootic situation. They added that combining
monoglycerides with other functional ingredients
can significantly enhance their positive effects
on gut health and immune response. S. Park et
al. (2024) emphasised that the results of mono-
glyceride use depend on the dose, diet composition
and housing conditions, adding that combinations
with other functional components can significantly
enhance the positive effects on performance and
gut health. The authors also noted that such strat-
egies may be useful for optimising antibiotic-free
programmes in pig and poultry farming.

The aim of the study was to determine the
corrective effect of adding SCFA-M to the diet
of 42-day-old piglets on nitrogen metabolism,
markers of hepatocellular load, and indicators of
carbohydrate and mineral homeostasis.

Material and Methods

The study was conducted in 2022-2023 at a com-
mercial pig farm located in the Dnipropetrovsk
district, Dnipropetrovsk region. For the experi-
ment, 100 three-breed hybrid piglets of DanBred
genetics aged 42 days were selected; animals
“analogous” in age and live weight after strati-
fication by weight were randomly divided into
two groups: control and experimental (50 heads
in each). The piglets were kept in group pens in
accordance with the stocking density standards
established in the EU: 0.20 m?/head for a weight
range of 10-20 kg and 0.30 m?/head for 20-30 kg;
actually provided with 0.22-0.24 and 0.33-
0.36 m?/head, respectively. The piglets had free
access to water and were fed a complete feed ra-
tion without restrictions according to the same
schemes in both groups, with the exception of
the addition of an experimental supplement in
the experimental group.

The microclimate was maintained within
stable limits: temperature 22-26 °C, relative hu-
midity 55-65 %, ventilation - mechanical; a fixed
photoperiod of 16L:8D was maintained. Before
the start of the experiment, the animals were
clinically examined; only clinically healthy piglets
were allowed to participate. Weaning from sows
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was carried out on the 26th day of life; the exper-
iment began at 42 days of age. The experimental
group aged 42-77 days received a diet containing
a composition of short- and medium-chain fatty
acid monoglycerides (SCFA-M, C3-C12), manu-
factured to order by PARTNERAGRO 2016 LLC
at the production facilities of NETAG B.V. (The
Netherlands), at a dose of 1.0 kg/t of compound
feed. According to the quality certificate, the ra-
tio of glyceride fractions (mass %) was as follows:
monoglycerides - 31%, diglycerides - 18%, tri-
glycerides - 1%, free glycerol - 14%.

The glycerol-esterified acids included: propi-
onic (C3), butyric (C4), caprylic (C8), capric (C10)
and lauric (C12) acids. The addition was carried
out in a production mixer with technological
control of batch homogeneity. The control group
received an identical basic diet without SCFA-M.
To assess the metabolic status of piglets in both
groups, biochemical studies were conducted, for
which whole blood without anticoagulant was
collected from 10 piglets from the experimen-
tal and control groups at 42, 56 and 77 days of
age for further serum extraction. In blood serum
samples, the Miura-200 automatic biochemical
analyser (Italy) was used with ready-made rea-
gent kits manufactured by Spinreakt (Spain), Dial-
ab (Austria), Cormay (Poland) and HTI (USA) to de-
termine the content of total protein (with biuret
reagent), albumin (with bromocresol green), urea
(enzymatically by Berthelot’s reaction), creatinine
(by the rate of formation of the creatinine-picrate
complex in the Jaffe reaction), glucose (by the
glucose oxidase method), total calcium (with ar-
senazo |ll) and inorganic phosphorus (with am-
monium molybdate).

The activity of transaminase enzymes (ALT
and AST) was determined kinetically using a
set of Spinreakt reagents (Spain), and alkaline
phosphatase (ALP) activity was determined by
the rate of 4-nitrophenol formation (Cormay, Po-
land). Laboratory studies were conducted at the
Biosafety-Center Research Centre for Biosafety
and Environmental Control of Agricultural Re-
sources at Dnipro State Agrarian and Economic
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University. Data processing was performed in
GraphPad Prism 9. The normality of distribution
was evaluated using the Shapiro-Wilk test sep-
arately for each group and time point; the ho-
mogeneity of variances was evaluated using the
Brown-Forsyth/Levene test. The main approach
for intergroup comparisons was two-factor
ANOVA (factors: “group” and “age”) with post-hoc
Tukey. For violations of the assumptions of nor-
mality/homogeneity, non-parametric analogues
were used: Kruskal-Wallis with post-hoc Dunn
or paired Mann-Whitney comparisons within in-
dividual time points. Multiple comparisons were
corrected using the Benjamini-Hochberg proce-
dure (FDR 5%). Data are presented as X+ SD; sta-
tistical significance was accepted at P<0.05. The
study was conducted in accordance with Directive
2010/63/EU of the European Parliament and of
the Council (2010) and ARRIVE 2.0 guidelines
(Percie du Sert et al., 2020).

Results and Discussion
The study analysed the effect of SCFA-M on pro-
tein metabolism indicators in piglets at different
stages of growth. The levels of total protein, albu-
min, globulin, protein coefficient, as well as urea
and creatinine concentrations in blood serum
were evaluated (Fig. 1). It was found that on the
42nd day of the study, the total protein level in the
blood serum of pigs in the control group, which
were not fed SCFA-M, was 53.5 g/L (SD =6.57),
while in pigs in the experimental group, which
received SCFA-M, it was 51.4 g/L (SD=3.53). The
albumin content in the blood serum of piglets in
the control group was 27.9 g/L (SD=1.9), while in
the experimental group it was 26.7 g/L (SD=2.1).
The globulin level in the blood serum of the con-
trol group piglets was 25.6 g/L (SD=6.7), while in
the experimental group it was 24.7 g/L (SD=4.6).
The protein coefficient was almost the same in
both groups (1.12-1.16 conventional units), and
the urea level was 2.17 mmol/l in the control
group versus 2.08 mmol/l in the experimental
group. Thus, at the initial stage of the study, the
difference between the groups was insignificant.

On day 56, the total protein level in the blood
serum of the control group piglets decreased to
50.4 g/L (SD =4.17), while in the experimental
group receiving SCFA-M, it increased to 55.0 g/L
(SD =4.52), which was 9.1% higher (P <0.05). The
albumin content in the blood serum of piglets in
the control group increased to 28.7 g/L (SD=3.5),
while in the experimental group it remained low-
er-26.4g/L (SD=3.8),i.e.,8% lower. The most pro-
nounced changes were observed in the globulin
content: in the control group, its amount decreased
to 21.7 g/L (SD =1.95), while in the experimental
group, it increased to 28.6 g/L (SD=2.59), a differ-
ence of 31.8% (P <0.001). The protein coefficient
in the blood serum of piglets in the control group
rose to 1.33 conventional units (SD=0.67), while in
the experimental group it decreased to 1.11 con-
ventional units (SD =0.34), reflecting the predomi-
nance of globulin fractions under the action of SC-
FA-M (P<0.001).The urea level in the control group
was 2.3 mmol/L, while in the experimental group
it decreased to 1.92 mmol/L (-16.5%; P < 0.05).

By day 77, the total protein level in the blood
serum of the control group piglets decreased to
49.0 g/L (SD =1.63), while in the experimental
group it remained high at 52.6 g/L (SD = 2.84),
which was 7.3% higher (P < 0.01). The albu-
min content in the control group was 28.6 g/L
(SD =2.5), and in the experimental group it was
26.5 g/L (SD=2.1), which is 7.3% lower (P <0.05).
In contrast, the globulin content in the control
group decreased to 20.4 g/L (SD = 2.31), while in
the experimental group it remained significantly
higher - 26.1 g/L (SD = 2.56), with a difference of
27.9% (P < 0.001). The protein coefficient in the
blood serum of piglets in the control group rose
to 1.40 conventional units (SD = 0.31), while in
the experimental group it remained low - 1.06
conventional units (SD = 0.15), a difference of
24.3% (P<0.001). At the same time, the urea lev-
el in the control group increased to 3.33 mmol/L
(SD = 0.96), while in the experimental group it
increased only to 2.21 mmol/L (SD =0.45), which
is 33.6% lower (P < 0.01). Creatinine levels in-
creased in both groups, but remained lower in
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the experimental group (87.5 mg/100 ml vs.
92.7 mg/100 ml). The data obtained indicate that
feeding SCFA-M contributed to maintaining higher
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levels of total protein and globulins, reducing the
protein coefficient, and limiting the growth of ni-
trogenous metabolites in the blood of piglets.
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Figure 1.Indices of protein metabolism in piglet blood serum under the influence of SCFA-M

Note: a - total protein content, g/L; b - albumins, g/L; c - glo

bulins, g/L; d - protein coefficient, arb. units; e - urea, mmol/L;

f - creatinine, mmol/L; M+SD; n=10; *- P<0.05; ** - P<0.01; *** - P<0.001 - compared with the control group

Source: developed by the authors
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The changes in the protein coefficient record-
ed in the study are consistent with the data of
L.E.Duvall et al.(2023), who noted that such chang-
es may indicate a shift in the balance between pro-
tein synthesis and immune response. The decrease
in urea and urea nitrogen levels in the blood of
piglets in the current study under the influence of
short- and medium-chain fatty acid monoglycer-
ides (by 16.5% and 20%, respectively, P<0.05) indi-
cates an improvement in protein metabolism and a
decrease in protein catabolism.These observations
partly contrast with the results of other scientific
studies. In particular, K.A. Barbosa et al. (2023) ob-
served an increase in urea levels with monoglyc-
erides/tributyrin (P < 0.05). Similarly, researchers
J.A.Santos-Marcos et al. (2019) noted an increase in
urea concentration (P<0.05) in the plasma of start-
er piglets fed monoglycerides. The discrepancies in
the results can be explained by various factors. The
study by K.A. Barbosa et al. (2023) included tribu-
tyrin, which is a source of butyrate and is actively
metabolized in intestinal cells, which may affect
overall protein metabolism. At the same time, dif-
ferences in the growth phase of piglets, diet ma-
trix, and epizootic background could modify the
metabolic response of animals to the supplement.

The second direction of the study was to in-
vestigate changes in enzymatic activity and min-
eral metabolism in piglets under the influence of
SCFA-M.The study examined the dynamics of ALT,
AST, alkaline phosphatase, as well as serum glu-
cose, calcium, and phosphorus levels (Fig. 2). On
day 42, ALT activity in the blood serum of pigs in
the control group was 87.2 U/L (SD=17.65), while
in animals receiving SCFA-M it was 81.7 U/L
(SD=13.84).A similar trend was observed for AST:
87.2 U/L (SD=15.72) in the control group versus
81.6 U/L (SD=16.55) in the experimental group.At
the same time, alkaline phosphatase activity was
significantly higher in the experimental group of
piglets - 358.68 U/L (SD =53.41) versus 254.19
U/L (SD =61.15) in the control group (+41.1%;
P <0.001). Glucose levels also tended to increase
with SCFA-M - 5.38 mmol/L (SD = 0.63) versus
4.72 mmol/L (SD =0.94) in the control group,

while calcium concentration was slightly low-
er - 2.36 mmol/L (SD =0.39) versus 2.54 mmol/L
(SD = 0.51). At the same time, the phosphorus
level in the experimental group exceeded the
control by 32.9% - 4.2 mmol/L (SD =0.67) versus
3.16 mmol/L (SD=0.20; P<0.001).

By day 56, enzyme activity in the blood serum
of piglets in both groups had decreased, but with
varying intensity. Thus, ALT in the control group
was 78.0 U/L (SD=14.17),while in the experimen-
talgroupitwas 71.4U/L(SD=15.33),whichis 8.5%
lower.AST decreased to 78.3 U/L(SD=20.20) in the
control group and to 63.8 U/L (SD=42.16) in the
experimental group, a difference of 18.5%. Alka-
line phosphatase activity decreased to 213.23 U/L
(SD=31.19) in the control group and to 251.76 U/L
(SD = 33.71) in the experimental group, i.e. by
18.1% higher (the difference is not significant).
A decrease in the activity of these enzymes in the
blood serum of piglets under the action of SC-
FA-M until the 55th day of life may indicate a re-
duction in the load on the liver and a decrease in
the level of hepatocellular damage. The glucose
concentration in the control group decreased to
4.38 mmol/L (SD=0.96), while in the experimen-
tal group it increased sharply to 6.48 mmol/L
(SD =0.57), which was 47.9% higher (P < 0.001).
Calcium levels in the control group decreased to
2.00 mmol/L (SD=0.36), while in the experimental
group they increased to 2.20 mmol/L (SD =0.35),
exceeding the control by 10%. Phosphorus levels
were 3.05 mmol/L (SD=0.29) in the control group
and 3.93 mmol/L (SD=0.29) in the experimental
group, which was 28.9% higher (P<0.001).

On day 77, stabilisation or even opposite dy-
namics of individual indicators were noted. In the
blood serum of piglets in the control group,ALT de-
creased to 69.5 U/L (SD =7.40), while in the exper-
imental group it increased to 76.9 U/L (SD=14.63),
which was 10.6% higher. A similar trend was ob-
served for AST: 68.8 U/L (SD=15.89) in the control
group versus 84.3 U/L (SD =12.65) in the exper-
imental group (+22.5%; P < 0.05). Alkaline phos-
phatase activity remained virtually unchanged -
222.69 U/L (SD =28.11) in the control group and
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225.64 U/L (SD=31.32) in the experimental group.  calcium level in the control group decreased to
The glucose concentration in the control group  1.89 mmol/L (SD =0.12), and in the experimental
was low - 4.31 mmol/L (SD =0.81), while in the  group to 1.82 mmol/L (SD = 0.08). The most pro-
experimental group it was 5.62 mmol/L (SD=0.60), nounced change was in phosphorus: 2.98 mmol/L
which is 30.4% higher (P < 0.05), indicating ac-  (SD=0.17) in the control group versus 4.21 mmol/L
tivation of gluconeogenesis and improved en-  (SD =0.38) in the experimental group, which is
ergy metabolism. This may provide animals with ~ 41.3% higher (P < 0.001), indicating a prolonged
the additional energy needed for growth. The effect of SCFA-M on mineral metabolism in piglets.
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Figure 2. Biochemical parameters of piglet blood serum under the influence of SCFA-M
Note: a - ALT activity, U/L; b — AST activity, U/L; c = ALP activity, U/L; d - glucose content, mmol/L; e - calcium content,
mmol/L; f - phosphorus content, mmol/L; * - P<0.05; ** - P<0.01; *** - P<0.001 - compared to the control group
Source: developed by the authors
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Researchers J.L. Genova et al. (2020) used al-
kaline phosphatase (ALP) to study intestinal dis-
orders such as intestinal dysbiosis. In the current
study, no effect of SCFA-M supplementation on ALP
activity in the blood serum of piglets was found,
which indirectly indicates a normal balance of the
microbiome in the digestive tract. This fact is par-
ticularly important because ALP is often used as a
sensitive biomarker of intestinal mucosal damage;
its stable values confirm the absence of pathologi-
cal changes and allow to conclude that the barrier
function of the intestine is preserved even during
the stressful post-weaning period. Thus, it can be
assumed that SCFA-M creates favourable condi-
tions for maintaining the homeostasis of the intes-
tinal ecosystem. Evaluating the effect of combined
monoglyceride supplements on blood metabolites,
a promising effect on health, metabolism, and nu-
trient absorption has been reported. Such effects
were observed by P. Nowak et al. (2019) through
blood analysis, which revealed an increase in the
concentration of total protein, albumin, glucose
and triglycerides in combination with a low con-
centration of urea. The results of the current study
partially correspond with these data: in the ex-
perimental group of piglets receiving SCFA-M, an
increase in total protein and glucose in the blood
was also observed, indicating an improvement in
nitrogen balance and activation of energy metabo-
lism. At the same time, lower albumin levels com-
bined with higher globulin fractions may indicate

a shift in metabolism towards strengthening the
immune response, which is an adaptive reaction of
the body during weaning. Thus, SCFA-M provides
a more comprehensive immunometabolic effect
than individual classic supplements.

Improvement of intestinal trophic status in
pigs, antibacterial activity against various bacteria
when monoglycerides are administered Monoglyc-
erides are accompanied by modulation of blood
metabolites (e.g., glucose and urea) in weaned
piglets. SCFA-M can improve the absorption of
minerals such as calcium and phosphorus, which is
reflected in an increase in their blood levels. This is
important for bone growth and meeting the struc-
tural needs of the body. Higher blood phosphorus
levels were observed in the experimental group of
piglets throughout the experiment (P <0.001).

To assess the relationships between protein,
nitrogen, enzyme, and mineral-carbohydrate me-
tabolism circuits, a correlation analysis of blood
biochemical parameters was performed in 56-day-
old piglets in the control group and under the
influence of SCFA-M (Table 1). It was found that
in 56-day-old piglets of the control group, there
was a close positive correlation between total pro-
tein content and albumin content in blood serum
(r=0.89; P<0.001) and between the protein co-
efficient and albumin content (r=0.77; P <0.01),
while urea content directly correlated with calcium
content (r=0.76; P<0.05) and inversely correlated
with the protein coefficient (r=-0.65; P<0.05).

Table 1. Correlation matrix of biochemical blood parameters in 56-day-old piglets exposed to SCFA-M

_c £ £ 2 @
Indicators g‘g E :: g '-g 5 E ; é S
Q < o S o
Control group
Albumin 0.89 - - - - - - - - -
Globulin 055 0.10 - - - - - - - -
Urea 015 -0.43 045 - - - - - - -
Creatinine 0.23 0.16 0.21 0.53 - - - - - -
AST 021 037 022 027 026 - - - - -
ALT 024 016 022 048 020 -022 - - - -
ALP 004 002 005 | 058 -055 003 056 - - -
Glucose 049 060 -004 053 005 [ 067 025 045 - -
Ca 030 -040 008 076 048 048 -042 -041 -045 -
P 01  -001 021 -058 -022 000 060 023 -0.13 | 0.59
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Table 1. Continued

—£ £ £ g %
Indicators g -g E E g % <Z> E % g S
2 < o 5 )
Experimental group
Albumin 0.82 - - - - - - - - -
Globulin 0.55 -0.03 - - - - - - - -
Urea 0.47 0.59 -0.04 - - - - - - -
Creatinine 0.27 054 -0.33 0.46 - - - - - -
AST 0.17 0.03 0.26 0.29 0.33 - - - - -
ALT 0.05 -0.10 0.23 0.14 0.00 0.66 - - - -
ALP -0.06 032 | -0.57 0.35 0.53 0.52 085 - - -
Glucose 009 016 040 007 001 [ 070 01 017 - -
Ca 0.24 0.14 022  -042 -0.28 -0.4 -0.21  -035 0.11 -
P 0.38 0.61 -0.23 0.53 0.52 0.33 -0.19 0.45 -0.26 0.01

Note: values are reliable: P < 0.05 - r=0.63-0.76; P < 0.01 —r=0.77-0.86; P < 0.001 - r=20.87;n=10

Source: compiled by the authors

A negative correlation between glucose con-
tent and AST activity was established (r=-0.67;
P <0.05). Under the action of SCFA-M, a strong
correlation between total protein content and
albumin was maintained (r=0.82; P<0.01), and
the negative correlation between glucose and
AST remained (r=-0.70; P <0.05), while the re-
lationships between urea and Ca content and
between urea and the protein coefficient, which
were characteristic of the control group, became
reversed and unreliable (P>0.05). In addition, the
contribution of albumin to the protein coefficient
value increased (r =0.86; P <0.01), and a posi-
tive association of creatinine with this protein
coefficient appeared (r=0.63; P<0.05). Taken to-
gether, this indicates a strengthening of “albumin
determinism” of the protein coefficient indicator
and a weakening/decoupling of nitrogen-miner-
al associations, which is consistent with a pos-
sible redistribution of nitrogen from catabolism
to deposition in tissues and a less pronounced
enzymatic load on the liver.

Correlation analysis of blood biochemical
parameters in 77-day-old piglets in the control
group showed the preservation of “structural”
protein bonds (Table 2): the protein coefficient
indicator closely correlated with albumin content
(r=0.90, P <0.001) and inversely with globulin

content (r=-0.96, P <0.001), while albumin and
globulin were negatively correlated (r = -0.78,
P < 0.01); there was also a positive correlation
between the liver enzymes ALT and AST (r=0.63,
P<0.05) and positive associations between phos-
phorus content and albumin (r=0.81, P <0.01)
and protein coefficient (r=0.71, P <0.05). At the
same time, in the experimental group (SCFA-M),
the protein profile shifted towards the globulin
fraction: total protein directly correlated with
globulin content (r=0.71, P < 0.05), while main-
taining the “structural” links between the protein
coefficient and albumins (r=0.69, P < 0.05) and
globulins (r=-0.88, P <0.001). Additionally, there
were significant relationships between alkaline
phosphatase activity and total protein (r=0.67,
P <0.05) and globulin content (r=0.71, P <0.05),
which may reflect enhanced tissue remodelling/
intestinal growth component. The negative corre-
lation between glucose content and AST activity
remained (r=-0.68, P <0.05), while the ALT and
AST correlation characteristic of the control dis-
appeared in the experiment (r=0.09; P >0.05), as
did the relationship between phosphorus and al-
bumin and the protein coefficient. Taken together,
this indicates that on day 77, SCFA-M is associat-
ed with a predominance of globulin-dependent
contribution to total protein and the appearance
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of ALP associations, while decoupling the phos-
phate circuit from the protein ratio and weaken-
ing the relationship between transaminases; This

can be interpreted as signs of a redistribution of
protein/mineral metabolism without increasing
the hepatocellular load.

|Table 2. Correlation matrix of biochemical blood parameters in 77-day-old piglets exposed to SCFA-M

= £ £ = 2
Indicators g g E é g ‘% 5 E ; g S
o < o 5 o
Control group

Albumin 0.45 - - - - - - - - -
Globulin 0.21 -0.78 - - - - - - - -
Urea 0.08 -0.14 0.21 - - - - - - -
Creatinine -0:25 -0.07 -0.10 0.43 - - - - - -
AST 0.09 0.2 -0.15  -0.22 -0.45 - - - - -
ALT 0.46 0.33 -0.04 0.35 -0.03 0.63 - - - -
ALP 0.00 0.15 -0.17  -0.25 0.12 -0.32 -0.21 - - -
Glucose 0.04 0.3 -0.30 -0.51 0.09 0.16 -0.14  -0.07 - -
Ca 0.00 -0.45 0.50 0.03 -0.53 -0.32 -048 -0.14 -0.51 -

P 0.40 0.81 -0.60 0.25 0.07 -0.09 0.28 0.29 0.03 -0.34

Experimental group

Albumin 0.49 - - - - - - - - -
Globulin 0.71 -0.26 - - - - - - - -
Urea 0.31 0.02 0.33 - - - - - - -
Creatinine 0.61 0.15 0.55 0.05 - - - - - -
AST -0.14 -0.09 -0.09 0.28 0.43 - - - - -
ALT -0.33 -0.21 -0.19  -0.02 0.00 0.09 - - - -
ALP 0.67 0.04 0.71 0.44 0.37 0.06 0.00 - - -
Glucose -0.03 0.27 -0.25 -034 -0.54 -0.68 -0.4 -0.28 - -
Ca -0.01 0.14 -0.12 0.40 -0.57 -0.18 -0.27 0.15 0.57 -

P 0.04 -0.29 0.28 -0.04 0.26 0.17 -0.17 0.09 0.25 0.26

Note: values are reliable: P<0.05 - r=0.63-0.76; P<0.01 - r=0.77-0.86; P<0.001 - r=>0.87;n=10

Source: compiled by the authors

Thus, the introduction of SCFA-M into the
diet of piglets was accompanied by controlled
modulation of protein, nitrogen and energy me-
tabolism. In 56-day-old piglets, an increase in the
protein fraction due to globulins and a decrease
in the protein coefficient were noted against the
background of a less pronounced enzymatic load
on the liver and signs of lower protein catabolism.
Enzyme markers of intestinal pathology did not
change, which is consistent with the absence of
enteropathies. At the same time, an improvement
in energy status and higher mineral supply were
observed. Until the end of the study, the trend
persisted with a more pronounced ‘globulin”

profile. An increase in AST activity without a
synchronous increase in ALT is considered to be
extrahepatic adaptation associated with muscle
tissue growth rather than liver damage. These ef-
fects are consistent with the literature data on the
barrier,immunomodulatory and metabolic effects
of SCFA/MCFA monoglycerides. A comparison of
the results obtained with the data of C. Neath et
al. (2022) allows to trace both common features
and differences. In their in vitro study, the authors
found that pig pathogens were highly sensitive
to certain active ingredients in feed additives,
particularly monoglycerides, which determines
their potential as an alternative to antibiotics in
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the fight against pathogens such as Escherichia
coli and Clostridium perfringens. The current in vivo
study demonstrated a broader spectrum of action
of SCFA-M: in addition to the possible antibacteri-
al effect confirmed by stable ALP values, there was
an improvement in protein metabolism (increase
in total protein and globulins), a decrease in urea
levels, activation of the energy circuit (increase
in glucose) and optimisation of mineral supply
(higher phosphorus levels). This indicates that un-
der physiological conditions, monoglycerides are
capable of exerting not only the direct antimicro-
bial effect noted by C. Neath et al. (2022), but also
indirect immunomodulatory and metabolic ef-
fects. Thus, the results of the current study extend
the conclusions of in vitro studies, emphasising
the practical significance of SCFA-M as a func-
tional feed additive in the post-weaning period.

Additionally, the results of J. Lan et al. (2021),
obtained on broilers, confirm the immunomodu-
latory potential of a-glycerol monolaurate, which
manifested itself in increased immune function
and positive changes in the intestinal microbio-
ta. Despite the difference in the object of study,
the similarity of the effects indicates a universal
mechanism of action of monoglycerides associat-
ed with the modulation of the immune response
and maintenance of intestinal homeostasis. In the
current experiment, similar effects were observed
through an increase in the globulin fraction in the
protein profile of piglets and a stable association
between protein metabolism and enzyme mark-
ers. This suggests that SCFA-M may combine the
properties described in both pig and bird studies,
providing a multi-component effect on metabolic
and immune status.

Analysing the results in the context of the
review by D.H. Nguyen et al. (2020), it should be
noted that these authors emphasised the multi-
faceted effect of organic acids and monoglycer-
ides, which simultaneously act as antimicrobial
agents, regulators of the intestinal environment
and modifiers of metabolism. Such additives have
been shown to maintain the stability of the mi-
crobiota, improve the digestibility of nutrients,
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and increase energy efficiency. In the current
study, these conclusions are confirmed by prac-
tical results: the stability of enzyme markers,
increased glucose, and improved mineral ab-
sorption are consistent with the concept of the
systemic action of SCFA/MCFA. Thus, the data
from D.H. Nguyen et al. (2020) provide a theo-
retical basis for explaining the mechanisms that
have been confirmed experimentally.

There are no publicly available studies on the
effect of SCFA-M supplementation on protein pro-
file, nitrogenous metabolites, enzymes, and min-
eral-carbohydrate balance in piglets. Most similar
studies focus on productivity, intestinal morphol-
ogy, immunomarkers, and selective serum indi-
cators, which allows to reasonably position this
study as unique in terms of the range of indica-
tors.A summary of the data obtained shows that a
significant increase in total protein and globulins
in the blood serum of piglets receiving SCFA-M
was accompanied by a decrease in the protein
coefficient and urea concentration. This dynamic
indicates a reorientation of protein metabolism
towards activation of the immune response and
a decrease in the intensity of protein catabolism,
which is consistent with the ideas of Y. Saco &
A. Bassols (2023) about the role of protein frac-
tions in the formation of immune reactivity. Thus,
the results confirm the immunomodulatory effect
of SCFA-M and emphasise its difference from
mixtures with tributyrin, for which an increase in
urea levels has been described in the literature,
which may indicate other mechanisms of action
and a different direction of nitrogen metabolism.

At the midpoint of the study, a decrease in
ALT and AST activity was observed in the SCFA-M
group, corresponding to a decrease in hepato-
cellular load (Egeli et al., 1998). Similar effects
with normalisation of liver biochemical markers
and restoration of intestinal barrier function are
described by Q. Zhang et al. (2022) when using
monolaurin in PEDV-infected piglets. At the fi-
nal stage of the experiment, an increase in AST
was recorded without a parallel increase in ALT,
which is interpreted as extrahepatic adaptation
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associated with muscle mass growth, similar to
the reports in the works of C.S. White et al. (2024)
on the maintenance of intestinal integrity and
immune responses. At the same time, glucose
concentration in the SCFA-M group increased
significantly, indicating activation of energy me-
tabolism; this is consistent with reviews of the
functional properties of medium-chain fatty acid
monoglycerides. The absence of significant differ-
ences in ALP levels indicates the absence of en-
teropathies, which is consistent with the findings
of J.L. Genova et al. (2020), where ALP is used as
an indicator of intestinal disorders.

Throughout the experiment, significantly
higher levels of inorganic phosphorus were found
in the blood of piglets receiving SCFA-M, while
calcium levels changed less markedly. Given the
impact of water quality on homeostasis (Ahma-
di et al.,2024),it is advisable to interpret changes
in glucose and mineral profile indicators taking
this potential confounder into account. This dy-
namic is consistent with the mechanistic models
of bone tissue growth and mineral requirements
in pigs proposed by M. Lautrou et al. (2020), which
emphasise the key role of the optimal phospho-
rus-calcium ratio for mineralisation processes. An
increase in phosphorus levels against the back-
ground of SCFA-M feeding may indicate its more
efficient absorption and a potentially positive ef-
fect on bone tissue formation.

Thus, the results of the experiment show that
SCFA-M is an effective tool for supporting meta-
bolic processes, including mineral metabolism,and
is of direct importance for the growth and structur-
al development of young animals. The identified
changes in the protein profile, decreased protein
catabolism, and improved energy and phosphorus
supply reflect the multifactorial effect of the sup-
plement on the physiological state of animals. The
data obtained are consistent with literature re-
ports on the role of monoglycerides in maintaining
homeostasis, but at the same time expand on them
through comprehensive biochemical analysis, cre-
ating a scientific basis for the introduction of SC-
FA-M into antibiotic-free pig farming technologies.

Conclusions

The use of SCFA-M in piglet diets has a positive
effect on protein metabolism, as evidenced by
an increase in total protein and globulin levels
in the blood, as well as a decrease in the protein
coefficient, indicating an improvement in the
balance between protein synthesis and immune
response. In particular, the administration of SC-
FA-M in the 42-77-day period was accompanied
by an increase in total protein content by 9.1%
(P <0.05) and globulins by 31.8% (P <0.001) on
day 56 with a decrease in the protein coefficient
by 16.5% (P <0.001), a decrease in urea content
by 16.5% (P <0.05) and urea nitrogen by 20%, an
increase in glucose by 47.9% (P <0.001), an in-
crease in calcium content by 10% and phospho-
rus by 28.9% (P <0.001), as well as a decrease
in ALT activity by 8.5% and AST by 18.5% in the
blood serum of animals. On day 77, the effects
persisted with a “globulin” profile: total protein
was 7.3% higher (P <0.01), globulin content was
27.9% higher (P <0.001), albumin was 7.3% low-
er (P <0.05), urea was 33.6% lower (P <0.01),
glucose was 30.4% higher (P <0.05), while AST
activity increased by 22.5% (P < 0.05) without a
parallel increase in ALT.

Correlation analysis confirmed the strength-
ening of “albumin determinism” of the protein
coefficient indicator on day 56 (r=0.86; P<0.01)
and the predominance of globulin contribution to
total protein on day 77 of the piglet’s life (r=0.71;
P < 0.05) with a stable negative association of
glucose with AST activity at both points (P <0.05),
which in general indicates a redistribution of pro-
tein and nitrogen metabolism towards a decrease
in catabolism and maintenance of energy and
mineral status without signs of increased hepa-
tocellular load. The activation of energy metabo-
lism is manifested by an increase in glucose lev-
els, which provides animals with the additional
energy necessary for growth. SCFA-M contributes
to the improvement of mineral absorption, in par-
ticular calcium and phosphorus, which has a pos-
itive effect on bone tissue growth and the overall
development of piglets. The established effect of
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Oco6nuBocTi MeTaboniamy NopocAT 3a YMOB 3aCTOCYBaHHSl MOHOrfiLepuaiB
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[HINpOBCbKUI flep)KaBHUIM arpapHO-eKOHOMIYHWUI YHiBepcUTeT
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[HINpOBCbKMI AepXXaBHMI arpapHO-eKOHOMIYHMIA YHIBEpCUTET
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AHoTauif. OnTuMmizauisa mMeTaboniaMy nopocaT y paHHbOMY MOCTHATaNbHOMY Mepioai € BaXIUMBUM
3aBaHHSAM Cy4aCHOro TBAPMHHULTBA. BUkopuCcTaHHA QyHKLiOHaNbHMX 0,06aBOK, Takmx ik SCFA-M, 3paTHe
NMO3UTUBHO BNAMBATU Ha BiNKOBMI Ta eHepreTMuHuii 0BMiH, CMPUSTU 3HWXKEHHIO CTPecy, NOMiMWeHHI0
NpOAYKTUBHOCTI Ta 340pOB’A nopocaT. MeTa focnimxeHHs nonsrana y BusHaveHHi Bnamey SCFA-M Ha
6inKoBMIA | eHepreTUuHMit MeTaboniaM Ta 3aranbHuii i3ioNoriYHMiA CTaH TBApUH Ha eTani paHHbOro
BMpOLLYBaHHS. [locnigkeHHs NpoBOAMAM HA NOpOCATaxX BiKOM 42 AHi, PO3MNOAINEHUX HA KOHTPO/bHY
Ta AOCNIQHY rpynu; TBAapuHM pocnifHoi rpynu otpumysBann SCFA-M y cknaai pauioHy. OuiHOBaHHS
34iMCHIOBaNU BiOXiMIYHMMUM METOAAMM aHani3y KPOBi 3 BM3HAYEHHAM PiBHIB OCHOBHMX MeTaboniTis
i aKTMBHOCTI KJ/IOYOBMX EH3MMIB; CTAaTUCTUYHY 0OPOGKY BMKOHYBaNM 3 NEpPEBiPKOK HOPMANIbHOCTI
po3noainy Ta BianoBiAHMMU NapaMeTpUYHUMK/HenapameTpuyHUMu Kputepismu. 3actocyBanHs SCFA-M
[LOCTOBipHO MOoAyNtoBano 6inkoBui 06MiH:3aranbHui 6inok 3pic Ha 9,1 % (P>0,05), rnobyniHm — Ha 31,8 %
(P>0,001), Toai 9k 6inkoBuit koediLieHT 3HM3MBCA Ha 16,5 % (P >0,001). AKkTMBHiCTb amiHOTpaHchepas
6yna HUXKYOH, LLO CBIAYMUTD MPO MEHLLEe HABAaHTAXEHHS Ha NeviHky. PiBHI Ce4OBMHM Ta a30Ty CEYOBUHMU
Yy KpoBi 3MeHwWwunmcs Ha 16,5 % i 20 % BianosiaHo, BKasyrun Ha edeKTUBHILLE BUKOPUCTAHHS a3oTy.
ByrnesoaHuii i MiHepanbHUM OOMiHM TakoX MOKPALLMAWCS: FOKO3a nigsuwunaca go 6,48 mmonb/n
(+47,9 %; P >0,001), 3acBoeHHsa Kanbuito — Ha 10 %, docdopy - Ha 28,9 % (P > 0,001). OtpumaHi
pe3ynbTaTi pO3LUMPIOIOTb YSIBIEHHS NPO MEXaHi3MU Aii MOHOrNiLepuaiB i NiATBepAXYHTb AOLINbHICTb iX
BMKOPUCTaHHS Yy NPaKTULLi CBMHAPCTBA; BOAHOYAC NOTPebyoTb NOAANbLIMX AOCNIAXKEHb i3 TPUBANiWUM
MOHITOPUHIOM, OLIHKOK MPOAYKTUBHOCTI Ta MOKA3HWUKIB iHTECTMHANbHOrO romeocrtasy. [lpakTuyHa
3HaYYLWiCTb Nongra€e y MoxnuneocTti BukopuctanHs SCFA-M sk enemeHTa nporpaM nigTPUMKM NOPOCST
y NOCTBIA/ly4YHMI Nepiod, 3 NOTEHLIMHUM 3MEHLWEHHAM NoTpebu B aHTMOaKTepianbHMX Mpenapartax Ta
nokpaLeHHaM bnarononyyus
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