‘\o\qski lnst,',k@
A

J

%
s’f‘ld ,ew\.\N\'

[}

VI,

&
2
i
%

o,

Journal of Animal and Feed Sciences, 35, , 2026, e26, https://doi.org/10.22358/jafs/210306/2026
The Kielanowski Institute of Animal Physiology and Nutrition, Polish Academy of Sciences, Jabfonna

%,
% oy
Y0y pue i

REVIEW

ARTICLE IN PRESS

The effects of inulin supplementation in diets of pigs
on growth performance and selected meat quality traits:

a systematic review and meta-analysis

A. Zybert, A. Milczarek* and K. Tarczynski

University of Siedice, Institute of Animal Science and Fisheries, B. Prusa 14, 08-110 Siedice, Poland

KEY WORDS: fattening results, inulin, meat
quality, meta-analysis, nutrition, pigs

Received: 10 October 2025
Revised: 3 December 2025
Accepted: 8 December 2025

* Corresponding author:
e-mail: anna.milczarek@uws.edu.pl

Introduction

ABSTRACT. Inulin supplementation has been reported to enhance performance
responses in pigs and positively modify the quality of pork. However, the results
of research are inconsistent. The present study aimed to quantify the effects
of inulin supplementation in diets of pigs on performance traits and selected
pork quality traits, using the meta-analytical approach. Data were extracted from
45 studies and analysed using the random-effect model to estimate the effects
of inulin on average daily gain (ADG), average daily feed intake (ADFI), feed
conversion ratio and selected pork quality traits including initial and ultimate
pH (pH, and pH,), drip loss (DL) and colour. The meta-analysis detected the
influence of inulin on ADG and ADFI under several study factors. The inulin
supplementation significantly improved ADG in growing-finishing pigs but
the stronger effect was detected for the long-chain inulin. The dose of inulin
in diet (<3% and =23%) enhanced ADG in similar range of the effect. Inulin
supplementation decreased ADFI only in weaning pigs. There were no effects
of inulin on pH;, pH, and DL. However, inulin supplementation significantly
modified the colour of pork. A trend to increase in redness (a*) and decrease
in yellowness (b*) was detected in loins of pigs fed with lower (<3%) doses of
inulin, nonetheless the application of long-chain inulin may result in increase of
lightness (L*) of meat. In conclusion, the inulin supplementation may enhance
ADG and colour characteristics but depend on degree of polarisation and dose.

residues in meat contributing to antimicrobial resis-
tance (Barrett et al., 2021; Bradford et al., 2021).

Pork is the most consumed meat in Europe, how-
ever, the shifts in EU consumer attitudes and prefer-
ences toward meat may decrease future consumption
of pork (OECD, 2023). In Europe, health issues and
consumers perceived quality of meat are the most
acknowledged reasons for shift in pork consumption
(Grunert et al., 2018). With regard to health risks,
consumers concern the antimicrobial use in food-
producing animals. Although, the European Union
has banned all in-feed use of antibiotics, consumers
are still concerned about the possibility of antibiotic

Furthermore, health-oriented consumers are willing
to pay more for free antibiotic pork (Denver et al.,
2021; Meerza et al., 2022; Paudel et al., 2022). This
perspective has stimulated researchers to search
non-antibiotic production strategies focused on the
health status improvement and performance of pigs
(Patience and Ramirez, 2022). To meet these chal-
lenges, non-antibiotic feed additives have become
of crucial importance. One of these alternatives are
prebiotics, a selectively fermented feed ingredients
that result in specific changes in the composition
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and/or activity of the gastrointestinal microbiota,
thus conferring benefits upon host health (Gibson
etal., 2010; Liu et al., 2018).

Inulin-type fructans including inulin, oligof-
ructose and fructo-oligosaccharides (FOS) are the
most commonly used prebiotics in monogastric
animals nutrition (Liu et al., 2023). Inulin is plant
origin polysaccharide present in the tubers and roots
of many plant species. In most plants (e.g. wheat,
barley, onion, banana, garlic), the inulin content
doesn’t exceed few percent of fresh weight. The
richest in inulin are chicory root and Jerusalem
artichoke, containing between 10 and 20% of inu-
lin (Qin et al., 2023). Furthermore, chicory root is
the primary source of commercial inulin extracts
(Roberfroid, 2007).

Inulin, is a fructan type polysaccharide with
the structure constituted with a variable number of
fructose units linked by B-(2,1)-fructosyl-fructose
bonds. A glucose molecule typically is present at the
end of each fructose chain and is linked by an a-(1,2)
bond. The chain length and polydispersity of inulin
depends on the plant species and extraction method
(Roberfroid, 2005; Apolinario et al., 2014; Shoaib
et al., 2016). In native chicory inulin, a number of
fructose units varies between 2 and 60. The average
degree of polymerisation (DP) is between 10 and 20
(Roberfroid et al., 1998). The inulin from Jerusalem
artichoke tubers contains from 3 to 35 fructose units
and the average DP of 6 (Luo et al., 2018). The inu-
lin with a less than 10 fructose units is called short
chain inulin or fructo-oligosaccharides (Apolinario
etal., 2014) whereas inulin with a chain length rang-
ing from 11 to 60 and an average DP of around 25 is
called ‘“high performance’ (HP) or long-chain inulin
(Niness, 1999). The DP affects both physicochemi-
cal properties of inulin and its ability to modify the
composition of the intestinal microflora. Further-
more, the DP is often used to characterize commer-
cially available inulin (Roberfroid, 2005).

The application of inulin in diets for pigs has
various direct and indirect benefits. These include
the regulation of intestinal microbiota via stimu-
lating the growth of bifidobacteria and lactic acid
bacteria, the stimulation of immune system and the
improvement of mineral absorption (Yasuda et al.,
2009; Wang et al., 2020; He et al., 2021). Further-
more, inulin supplementation can exert positive
effects on performance traits (Hansen et al., 2002;
Grela et al., 2014; Samolinska and Grela, 2017), and
pork meat quality including both composition traits
and physico-chemical properties of meat (Rosen-
vold et al., 2001a; Aluwé et al., 2013; Przybylski
et al. 2019). However, dietary administration of

inulin has been shown to have different effects on
performance and pork quality in different studies.
Several studies showed that inulin supplementation
improves growth of pigs (Jayasooriya et al., 2009;
Hansen et al., 2002; Ponnampalam et al., 2009;
Grela et al., 2013; Sobolewska and Grela, 2014,
Samolinska and Grela, 2017; Sobol et al., 2018;
Grela et al., 2021; Dunshea et al., 2024). In contrast,
Nowak et al. (2017) reported that weaned pigs fed
3% inulin diet had significantly lower average daily
gain (ADG) than control pigs. Others (Pierce et al.,
2005; Qverland et al., 2011; Vhile et al., 2012; Deng
et al., 2017; McCormack et al., 2019; Hu et al.,
2020) found no effect of inulin supplementation on
growth performance of the weaned and growing-
finishing pigs.

In pork production, the feeding strategies fo-
cus also on improve of various quality dimensions
including carcass composition, nutritional, sensory
and technological properties of pork. In Europe,
consumers have become more aware of pork qual-
ity, over the past few decades (Henchion et al.,
2014). Therefore, the pork quality has become an
important issue for pig production. Although, it has
been reported that inulin may affect pork quality, the
results are not consistent. Several research (Rosen-
vold et al., 2001a; Hansen et al., 2002; Rosenvold
and Andersen, 2003; Rosenvold et al., 2003; Przyb-
ylski et al., 2019) showed that feed supplementation
with inulin improved initial or ultimate pH and drip
loss (DL). In contrast, Aluwé et al. (2013) reported
increase in DL in loins of pigs supplemented with
inulin. Furthermore, Sobolewska and Grela (2014)
and Grela et al. (2021) found that growing-finish-
ing pigs fed diet with 2% inulin had less red (a*)
and more yellow (b*) loins that those from control
group. Others (Hansen et al., 2008; Jayasooriya
et al., 2009; Wang et al., 2019; Dunshea et al., 2024)
have found no effect of inulin supplementation on
technological properties of pork.

Nutritional responses to the supplementation
of inulin in diets of animals have been compre-
hensively reviewed by several authors (Flickinger
et al., 2003; Koztowska et al., 2016; Birmani et al.,
2019). Narrative reviews summarize different pri-
mary studies on the topic of interest, however pro-
vide evidences from contextual point of view and
qualitative assessment of results. Meta-analysis is
a statistical method that combines the data from in-
dependent studies, often diverging in the magnitude
and statistical significance of responses, to obtain
a quantitative estimate of the effect of interven-
tion or variable on a defined outcome (Borenstein
et al., 2009). Thus, the objective of this study was to
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quantify the effects of inulin supplementation in di-
ets of pigs on growth performance and selected meat
quality traits.

Material and methods

A literature search for published studies inves-
tigating the influence of dietary inulin on growth
performance of pigs and pork meat quality was
performed using Science Direct, ProQuest, Sco-
pus, Web of Science, EBSCO and Google Scholar
digital databases. A comprehensive search for pub-
lished studies performed from October 2024 to
February 2025. The search was based on following
keywords: inulin, chicory, Jerusalem artichoke in
combination with pigs, growth, pork, meat qual-
ity. Additionally, examined the references cited in
articles and reviews to identify eligible studies to
potential inclusion to meta-analysis. The eligibil-
ity of studies was determined by the following cri-
teria: performed on pigs, provided information on
inulin level, published in English or with an Eng-
lish abstract, reported growth performance (aver-
age daily gain — ADG; average daily feed intake
— ADFT; feed conversion ratio — FCR) and/or meat
quality (initial pH - pH ; ultimate pH — pH ; drip
loss — DL; colour) results, quality traits recorded
in longissimus muscle, provided data that were suf-
ficient for determining the effect size including the
number of animals, mean values and the measure
of variation expressed as standard deviation (SD)
or standard error (SE) for extracted outcomes.
Studies were rejected if any one of these criteria
was not met. When the effect of dietary inulin
supplementation on growth performance or meat
quality traits was explored in separate experiments
within study, then these experiments with relevant
outcomes were treated as separate studies. The
screening resulted in the selection of 44 publica-
tions with 88 individual experiments (Table 1). The
database included the author’s name, year of pub-
lication, number of pigs in the control and treat-
ment group, breed, production stage, inulin level
and source, duration of inulin supplementation,
stunning method (electrical or gas stunning with
CO,) and the mean with corresponding variability
measures. Outcomes extracted for meta-analysis
included: ADG (kg/day), ADFI (kg/day), FCR (kg/
kg), pH, measured between 45 min and 60 min af-
ter the slaughter, pH measured 24 or 48 h after the
slaughter, DL expressed as a percentage of weight
loss after 24 or 48 h of storage at 4 °C, meat colour
determined in CIE colour system and expressed as

lightness (L*), redness (a*) and yellowness (b*).
A summary of the data from studies included in
meta-analysis presented in Table 2.

The statistical analysis was performed with
PQ-Stat (1.6.4.188, PQstat Software, Poland).
The effect size quantifying the amount by which
the experimental treatment changes on average the
outcome compared with the controls, was comput-
ed as the weighted mean difference (WMD). The
WMD is a difference in a means between treatment
and control, that are weighted by their sample size
(Bakbergenuly et al., 2020). In meta-analyses, ef-
fect sizes are combined using fixed- or random-
effect model (Borenstein et al., 2009; Vesterinen
et al., 2014). Fixed-effect models assume the true
effect of the treatment is the same for every study
(Zlowodzki et al., 2007). However, the results of
multiple studies vary due to differences in animals
(breeds), treatment parameters or other unknown
factors. Thus, the random-effect model, assum-
ing variability between studies, was adopted to
estimate the effect size, 95% confidence intervals
(95% CI) and statistical significance of the effect
(Higgins et al., 2009). A positive estimate of the
effect size indicates greater outcomes in the con-
trol group, whereas a negative effect size indicates
greater outcomes in inulin treatment group. Het-
erogeneity, defined as inconsistency in the treat-
ment effect across studies, was determined using
Cochran’s Q test and Higgins’s I? statistic. A value
of 1 between 25 and 50% reflects low heteroge-
neity, between 50 and 75% represents moderate,
whereas above 75% high heterogeneity (Higgins
and Thompson, 2002). To control for heteroge-
neity, the studies were stratified into groups/sub-
groups and each subgroup subjected to separate
meta-analysis. Sub-group meta-analysis is a com-
mon method used to explore sources of heteroge-
neity or provide estimates of the treatment effect
for factors that may influence on the performance
and quality outcomes (Richardson et al., 2019). In
this research, the studies were stratified into sub-
groups, differentiated by production state (wean-
ers and growing-finishing pigs) inulin dose, inulin
form (standard and long chain inulin) and stunning
method (electrical and gas with CO,).

Results

In this research, overall meta-analysis detected,
that supplementation with inulin significantly
(P < 0.01) improved ADG and ADFI (Table 3),
but with high heterogeneity between studies.
In sub-groups, meta-analysis indicated that inulin
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Table 1. Summary of studies included in meta-analysis

Reference Growth stage Iz}ulm dose, Lnulm i[r)#erf\fg)r?tiga, Outcomes
o orm days
Rosenvold et al. (2001a) Growing-finishing pigs 25 LC 21 ADG, ADFI, FCR, pH,, pH,, DL, L*, a*, b*
Rosenvold et al. (2001b) Growing-finishing pigs 25 LC 14 ADG, ADFI, FCR, pH, L*, a*, b*
Hansen et al. (2002) Growing-finishing pigs 25 LC 21 ADG, ADFI, FCR, pH,
Rosenvold et al. (2002) Growing-finishing pigs 25 LC 22 ADG, ADFI, FCR, pH,, pH,, DL, L*, a*, b*
Mikkelsen et al. (2003) Weaning pigs 4 Sl 28 ADG, ADFI, FCR
Rosenvold and Andersen (2003) Growing-finishing pigs 25 LC 14 pH,, pH,, DL
Rosenvold et al. (2003) Growing-finishing pigs 25 LC 14 pH,, pH,, DL
Pierce et al. (2005) Weaning pigs 1.5 Sl 21 ADG, ADFI, FCR
Hansen et al. (2006) Growing-finishing pigs 16 S|, LC 42 ADG
Yasuda et al. (2006) Weaning pigs 2,4 S 24 ADG, ADFI
Hansen et al. (2008) Growing-finishing pigs 5 Sl 14 pH,, pH, DL, L*, a*, b*
Wellock et al. (2008) Weaning pigs 5,15 Sl 14 ADG, ADFI
Halas et al. (2009) Weaning pigs 8 LC 21 ADG, ADFI, FCR
Jayasooriya et al. (2009) Growing-finishing pigs 5 Sl ADG, DL, L*
Yasuda et al. (2009) Weaning pigs 4 S,SI,LLC 35 ADG, ADFI
Ponnampalam et al. (2009) Growing-finishing pigs 5 Sl 35 ADG, ADFI, pH , DL, L*, a*, b*
Mair et al. (2010) Weaning pigs 0.4 Sl 28 ADG, ADFI, FCR
@verland et al. (2011) Growing-finishing pigs 3,6, 9 Sl 30 ADG, ADFI
Ivarson et al. (2012) Weaning pigs 5 Sl 14 ADG, ADFI, FCR
Jolliff and Mahan (2012) Weaning pigs 3,6 Sl 35 ADG, ADFI
Vhile et al. (2012) Growing-finishing pigs 6.3, 4.1, 8.1 7 ADG, ADFI
Aluwé et al. (2013) Growing-finishing pigs 5 Sl 28 pH, DL, L*, a*, b*
Grela et al. (2013) Growing-finishing pigs 3 LC 100 ADG, ADFI, FCR
Sobolewska and Grela (2014) ~ Growing-finishing pigs 2 S| 98 ADG, ADFI, FCR, pH,, pH,, DL, L*, a*, b*
Aluwé et al. (2017) Growing-finishing pigs 5 LC 21 ADG
Deng et al. (2017) Growing-finishing pigs 1 Sl 38 ADG, ADFI, FCR
Nowak et al. (2017) Weaning pigs 3 Sl 28 ADG, FCR
Samolinska and Grela (2017)  Growing-finishing pigs 1,2, 3 SILLC 105 ADG, ADFI
Samolinska et al. (2018) Growing-finishing pigs 2 S|, LC 98 ADG, ADFI, FCR
Sobol et al. (2018) Growing-finishing pigs 7 LC 70 ADG, ADFI, FCR
McCormack et al. (2019) Weaning pigs 3 S 42 ADG, ADFI, FCR
Przybylski et al. 2019) Growing-finishing pigs 7 LC 40,70 pH, DL, L%, a*, b*
Samolinska et al. (2019) Growing-finishing pigs 2 SILLC 105 ADG, FCR
San Andres et al. (2019) Weaning pigs 0.025,0.25 SI 35 ADG, ADFI
Wang et al. (2019) Growing-finishing pigs 0.5 LC 32 ADG, ADFI, pH,, pH,, DL, L*, a*, b*
Chen et al. (2020) Weaning pigs 1 28 ADG, ADFI
Hu et al. (2020) Growing-finishing pigs 2 Sl 28 ADG, ADFI
Wang et al. (2020) Weaning pigs 0.25,05,1 LC 21 ADG, ADFI
Grela et al. (2021) Growing-finishing pigs 2 SI,LC 98 ADG, FCR, pH,, pH,, DL, L, a*, b*
Xia et al. (2021) Weaning pigs 5 72 ADG, ADFI
Lepczynski et al. (2021) Weaning pigs 2 Sl 32 ADG, ADFI
Herosimczyk et al. (2022) Weaning pigs 2 Sl 32 ADG, ADFI
Yang et al. (2023) Weaning pigs 0.25 Sl 28 ADG, ADFI
Dunshea et al. (2024) Growing-finishing pigs 5 Sl 35 ADG, FCR, pH,, DL, L*, a*, b*

S| - standard inulin, LC - long chain inulin, S — 50:50 mixture of LC and Sl inulin, ADG — average daily gain, ADFI — average daily feed intake,
FCR - feed conversion ratio, pH, — initial pH, pH, - ultimate pH, DL - drip loss, L* - lightness, a* - redness, b* - yellowness

supplementation altered ADG only in G-F pigs.
Furthermore, inulin supplementation significantly
(P <£0.01) increased ADG in both dose dependent
groups, but these effects differed in narrow range
of the effects size and 95% CI. When the data

were split into the two inulin form sub-groups, the
larger increase in ADG was detected for LC inulin.
For ADFI, significant alterations detected only for
weaned pigs. Inulin dose and inulin form had no
effect on ADFI. Additionally, none of the factors
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Table 2. Descriptive statistics of parameters included in meta-analysis

Treatment group

Trait n control inulin

Mean SE Min. Max. Median ~ Mean SE Min. Max. Median
ADG, kg 39/86 0.692 0.030 0.146 1.122 0.785 0.723 0.025 0.154 1.120 0.841
ADFI, kg 30/62 1.563 0.059 0.218 3.030 1.509 1.651 0.056 0.198 3.320 1.812
FCR, kglkg  19/37 2.458 0.110 1.460 4.520 2.525 2.435 0.112 1.250 3.460 2.640
pH, 9/15 6.488 0.086 6.25 6.66 6.485 6.406 0.098 6.23 6.59 6.42
pH, 14/25 5.573 0.049 5.40 6.07 5.55 5.575 0.047 541 6.06 5.59
DL, % 13/23 5.528 0.22 2.18 8.77 6.50 5.63 0.20 2.05 8.79 6.60
L* 13/23  54.41 1.49 50.93 57.93 5417 54.08 1.46 49.78 57.48 54.10
a* 13/23  10.09 0.55 6.89 19.92 8.16 11.67 0.53 742 20.54 8.65
b* 13/23 9.93 0.39 1.42 16.80 14.40 8.22 0.29 1.41 16.60 6.20

n — number of studies/experiments, SE — standard error; ADG — average daily gain, ADF| — average daily feed intake, FCR — feed conversion
ratio, pH, - initial pH, pH, - ultimate pH, DL — drip loss, L* - lightness, a* - redness, b* - yellowness

Table 3. Summary of the effect sizes of the inulin supplementation on analysed performance traits in random-effect meta-analysis

Trait Group/subgroup  n Effect size SE 95%Cl P-value 12 (%)
ADG, kg Overall 2535 -0.013 0.004 -0.005;-0.022  0.00 94.63
w 1694 -0.014 0.012 -0.008;-0.037  0.22 92.80
G-F 841 -0.017 0.003 -0.011;-0.022  0.00 84.05
ID <3% 854 -0.017 0.03 -0.011;-0.023  0.00 90.18
ID 23% 830 -0.016 0.006 -0.004;-0.026  0.00 73.45
Sl 705 -0.010 0.003 -0.003;-0.017  0.00 84.95
LC 968 -0.030 0.005 -0.020;-0.043  0.00 81.07
AFI, kg Overall 1778 -0.019 0.009 0.001; 0.038  0.03 88.27
w 1019 -0.035 0.015 0.065;-0.005  0.02 93.7
G-F 759 -0.008 0.010 0.012;-0.028 0.44 61.31
ID <3% 954 -0.016 0.008 0.001;-0.032  0.056 62.28
ID 23% 824 -0.024 0.015 0.006;-0.054  0.12 65.62
Sl 968 -0.013 0.008 0.005;-0.030  0.16 52.94
LC 421 -0.037 0.022 0.006;-0.079  0.09 71.78
FCR, kg/kg  Overall 1271 0.009 0.010 0.030;-0.010  0.349 25.73
WP 417 0.017 0.053 0.120;-0.088  0.75 51.17
G-F 854 0.008 0.008 0.026;-0.008  0.31 9.45
ID <3% 756 0.008 0.011 0.031;-0.016  0.52 26.25
ID 23% 515 0.010 0.020 0.025;-0.016  0.62 28.17
Sl 776 0.005 0.010 0.025;-0.016  0.64 19.37
LC 245 0.054 0.051 0.156;-0.046  0.29 46.19

n — number of animals; ADG - average daily gain; ADF| — average daily feed intake; FCR — feed conversion ratio; W — weaning pigs;
G-F - growing-finishing pigs; ID <3% - inulin dose in diet below 3%; ID =3% — inulin dose in diet equal or higher than 3%; Sl — standard inulin;
LC - long chain inulin; SE - standard error; 95%CI — confidence interval; I> — percentile of total variation due to heterogeneity

employed to stratify the studies showed significant
differences in FCR between inulin fed and control
pigs. For meat quality traits, overall meta-analysis
detected no effect of inulin supplementation on pH,,
pH,, DL, L* and a* (Table 4). In sub-groups, none of
the factors employed to stratify the studies showed
significant effect of dietary inulin on pH, pH and
DL. However, inulin supplementation significantly
modified L*, a* and b* of pork under the several

study factors. The meta-analysis indicated, that
application of dietary inulin in fed of pigs at
lower than 3% dose, significantly increased a*
and decreased b*, whereas at higher doses (>3%)
decreased a* without the effect on b*.When the
data were split into the two inulin form sub-groups,
meta-analysis detected that application of LC inulin
significantly increased the lightness (L*) and redness
(a*) and decreased the yellowness (b*) of meat,
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Table 4. Summary of the effect sizes of the inulin supplementation on analyzed meat quality traits in random-effect meta-analysis

Trait Group/subgroup n Effect size SE 95% Cl P-value 12 (%)
pH, Overall 550 0.001 0.030 0.061; -0.058 0.97 61.05
ID <3% 324 0.056 0.044 0.141; -0.029 0.20 34.68
ID =3% 266 -0.028 0.038 0.046; -0.102 0.46 65.40
Sl 272 0.024 0.031 0.085; -0.037 0.45 0
LC 278 -0.009 0.046 0.082; -0.102 0.84 76.90
E 324 0.056 0.044 0.142; -0.029 0.20 34.68
G 266 -0.027 0.038 0.047; -0.102 0.46 65.40
pH, Overall 849 -0.015 0.011 0.007; -0.036 0.18 19.50
ID <3% 324 -0.005 0.014 0.023;-0.034 0.71 10.71
ID =3% 525 -0.018 0.015 0.011;-0.046 0.23 14.05
Sl 543 -0.016 0.017 0.012; -0.046 0.27 0
LC 306 -0.017 0.015 0.018; -0.050 0.36 34.11
E 543 -0.033 0.022 0.009; -0.077 0.12 0
G 306 -0.011 0.014 0.017;-0.039 0.46 0
DL, % Overall 665 0.062 0.195 0.445; -0.321 0.75 98.78
ID <3% 132 0.098 0.066 0.230; -0.032 0.14 0
ID =3% 533 0.059 0.220 0.490; -0.372 0.79 98.90
Sl 383 -0.153 0.087 0.018; -0.325 0.08 15.50
LC 282 0.364 0.295 0.942;-0.214 0.22 99.47
E 351 -0.322 0.205 0.079; -0.725 0.12 82.67
G 314 0.246 0.238 0.713; -0.221 0.30 99.09
L* Overall 823 0.335 0.185 0.698: -0.028 0.07 54.51
ID <3% 324 -0.510 1.038 1.525; -2.546 0.62 77.74
ID =3% 499 0.260 0.143 0.542; -0.028 0.07 31.22
Sl 607 -0.105 0.436 0.748; -0.959 0.81 48
LC 216 0.479 0.201 0.084; 0.875 0.02 67.21
E 543 0.206 0.464 1.116: -0.702 0.66 70.76
G 280 0.127 0.109 0.340; -0.086 0.24 12.85
a* Overall 791 0.311 0.187 0.678; -0.055 0.09 93.80
ID <3% 324 1.142 0.543 0.076; 2.207 0.04 94.15
ID =3% 467 -0.232 0.094 -0.047;-0.416 0.01 50.06
Sl 575 0.112 0.300 0.701; -0.477 0.71 82.76
LC 216 0.567 0.277 0.024; 1.110 0.04 96.91
E 543 0.739 0.423 1.569: -0.089 0.08 93.27
G 248 -0.300 0.090 -0.122; -0.479 0.00 45.82
b* Overall 791 -0.206 0.111 -0.078; -0.513 0.01 86.80
ID <3% 324 -0.565 0.294 0.010; -1.141 0.05 90.53
ID =3% 467 -0.117 0.117 0.112; -0.346 0.32 81.49
Sl 575 -0.105 0.104 0.099; -0.309 0.312 45.85
LC 216 -0.51 0.181 -0.156; -0.866 0.00 92.23
E 543 -0.500 0.227 -0.054; -0.946 0.27 92.49
G 248 -0.174 0.107 0.035; -0.384 0.10 57.86

n—number of animals; pH, - initial pH; pH_ - ultimate pH; DL - drip loss; L* - lightness; a* - redness; b* — yellowness; ID <3% — inulin dose in diet
below 3%; ID =3% — inulin dose in diet equal or higher than 3%; Sl — standard inulin; LC - long chain inulin; E - electrical stunning; G - carbon
dioxide stunning; SE — standard error; 95%Cl — confidence interval; |2 - percentile of total variation due to heterogeneity

although with high heterogeneity between studies.
The stunning had the effect only on redness of pork.
The meta-analysis shown that the loins of pigs fed
with inulin and stunned with CO, had significantly
lower a* values in comparison with those from
control group with moderate heterogeneity between
studies (I> = 45.82%).

Discussion

Over the past decade, feeding strategies of pigs
focused on in-feed antibiotic alternatives that exhib-
it potential to enhance growth potential and immune
response of pigs. As an alternative, supplementing
prebiotics gained a great interest in recent years.
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Inulin supplementation in pigs has been shown to
improve growth performance (Rosenvold et al.,
2001a; Hansen et al., 2002; Wellock et al., 2008;
Ponnampalam et al., 2009; Grela et al., 2013; So-
bolewska and Grela, 2014; Samolinska and Grela,
2017; Sobol et al., 2018; Grela et al., 2021). Jayas-
ooriya et al. (2009) found that inulin supplementa-
tion at 5% of the diet increased average daily gain
(ADG) by 6.2% in boars and 4.2% in gilts, compared
to the control group. Furthermore, there was a 10.5
and 16,5% increase in ADG of boars and gilts, when
the diets were supplemented with both organic Fe
(at 500 mg/kg) and inulin. Grela et al. (2013) re-
ported increased ADG and ADFI in growing-finish-
ing pigs fed diet with 3% inulin. Samolinska and
Grela (2017) reported, that inclusion of 1, 2 and 3%
inulin resulted in dose dependent increase in ADG.
Samolinska et al. (2018) found that supplementa-
tion with 2% long-chain inulin increased the ADG
at the finishing stage of fattening. Wang et al. (2020)
reported that dietary inulin supplementation had no
significant influence on the growth performance in
weaned pigs. But found that inulin supplementation
with 2.5% increased the ADG by 20.1 %, as com-
pared with the control group. Dunshea et al. (2024)
reported that inulin supplementation at 5% of the
diet increased ADG by 6.2% compared to the con-
trol group. Other studies have shown no effect of in-
ulin supplementation on performance of the weaned
(Mikkelsen et al., 2003; Pierce et al., 2005; Yasuda
et al., 2009; Ivarson et al., 2012; San Andres et al.,
2019; Yang et al., 2023) and growing-finishing pigs
(Overland et al., 2011; Vhile et al., 2012; Aluwé
et al., 2017; Deng et al., 2017; Samolinska et al.,
2019; McCormack et al., 2019; Hu et al., 2020).

In this research, meta-analysis indicated that
inulin supplementation significantly improved ADG
(0.017 kg/day) in growing-finishing pigs. However,
there was high heterogeneity (I> = 92.80%) across
all studies, indicating that other factors may have the
impact on ADG in growing-finishing pigs (Table 3).

The link between inulin supplementation and
growth performance of pigs is still unclear, however
is attributed by researchers to intestinal health and
gut microbiome (Gardiner et al., 2020; Han et al.,
2022; Liu et al., 2023). Inulin may exert the effects on
performance traits through several potential mecha-
nisms including proliferation of beneficial microbes
and their metabolites with biological activities for the
host, improvement of intestinal morphology, increase
in the absorption of available nutrients and minerals,
modulation of the expression of inflammatory cyto-
kines or upregulated expression of growth-related
genes (Yasuda et al., 2006; Wang et al., 2020).

In monogastric animals, inulin is resistant to
hydrolysis by digestive enzymes due to B-linkages
between their monomers but can be fermented by
several bacterial genera, such as Lactobacillus, Bifi-
dobacterium, and Bacteroides in the large intestine,
mainly in the caecum (Yasuda et al., 2007; Patter-
son et al., 2010). However, Bohmer et al. (2005)
and Loh et al. (2006) found that 20-50% of dietary
inulin, was fermented in the porcine jejunum by the
resident microflora.

Gut microbiomes and short-chain fatty acids
(SCFAs) exert positive effects on growth perfor-
mance of pigs (Bergamaschi et al., 2020; Gardiner
et al., 2020; Han et al., 2022).

Overall, several bacterial taxa have been shown
as associated with growth of pigs, although data are
conflicting in some references. Tang et al. (2020)
reported that Alloprevotella and Rumiococcaceae
were positively correlated with body weight and
average daily gain of pigs while the Prevotella-
ceae genera with backfat thickness and intramus-
cular fat content. In a 16S rRNA gene sequencing
study, Bergamaschi et al. (2020) identified opera-
tional taxonomic units (OTUs) of Clostridium, Pre-
votella, Lactobacillus and Eubacterium as having
association with average daily gain and fat con-
tent in crossbreed pigs. Mach et al. (2015) and Oh
et al. (2020) also found, that genera Lactobacillus
and Prevotella exhibited positive associations with
body weight and ADG whereas Yang et al. (2021)
detected associations of these traits with Lactoba-
cillus, Bacterioides and Prevotellaceae. Recently,
Lan et al. (2023), based on data of the 16s ribosomal
RNA gene and metagenomic analysis detected that
carbohydrate-decomposing bacteria of the families
Streptococcaceae, Lactobacillaceae and Prevotel-
laceae were positively related to finishing weight of
pigs whereas taxa associated with inflammation ex-
hibited opposite effects. Similarly, Lee et al. (2023)
showed, higher abundances of Bifidobacterium and
Lactobacillus in faces of pigs with higher growth
rate.

Inulin fermentation by the endogenous micro-
biota promotes the growth of Lactobacilli and Bi-
fidobacteria which in turn produce both, SCFAs,
mainly acetate, propionate, and butyrate, and or-
ganic acids (Flickinger et al., 2003). SCFAs have
different modes of action such as stimulation the
growth of health-promoting bacteria such as Bifi-
dobacteria and Lactobacilli (Tako et al., 2008), fa-
cilitation the absorption of minerals (Topping and
Clifton, 2001), decrease in the pH of the large
intestine, inhibition the growth of pathogenic micro-
organisms (Ma et al., 2022) or regulation of lipid
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and glucose metabolism (Zhou et al., 2021). Fur-
thermore, dietary inulin stimulates growth of other
SCFAs promoting bacteria, such as Prevotella, Bac-
terioides, Veillonella, and Faecalibacterium (Mc-
Cormack et al., 2019; Wu et al., 2020) as well as
lowers the relative abundances of potentially patho-
genic bacteria as Escherichia, Clostridium spp.
and the members of Enterobacteraceae (Patterson
et al., 2010). Nonetheless, the effects of inulin on
gut microbiota and SCFAs concentration are often
inconsistent. Eberhard et al. (2007) reported that
weaned pigs fed with 3% inulin showed lower con-
centrations of caecal acetate and total SCFA while
inulin supplementation had no effect on abundance
of Bifidobacterium, Lactobacillus, Enterococcus
and Enterobacterium genera. Patterson et al. (2010)
showed that inclusion of 4% of inulin increased the
abundance of Bifidobacteria and Lactobacilli in ile-
um and cecum of weaned pigs. Ivarson et al. (2012)
showed that inclusion of 8% inulin in the fed of
weaned pigs increased abundance of Lactobacilli,
Bacteroides and Prevotella. Mair et al. (2010) found
that supplementation with 0.4% inulin had no effect
on abundance of Bifidobacterium, Lactobacillus
but reduced acetic acid and total SCFA in colon of
weaned pigs. In contrast, He et al. (2021) reported
that supplementation with 0.5% inulin significant-
ly increased abundance of Lactobacillus spp. and
decreased the abundance of Enferobacteraceae in
ileal samples of weaned pigs. Lynch et al. (2007)
found that supplementation of finishing pigs with
1.25% inulin increased caecal Bifidobacteria and
reduced Enterobacteriaceae but did not impact on
SCFA concentration. Varley et al. (2010) reported
that inulin supplementation with 2% decreased En-
terobacteriaceae populations in the proximal colon
of finishing pigs but did not affect populations of
Bifidobacteria and Lactobacilli. Nonetheless, in-
creased total SCFA and butyric acid in caecum and
proximal colon of inulin fed pigs. Sobolewska and
Grela (2015) found that supplementation with 4%
of Jerusalem artichoke increased propionic, iso-
butyric, butyric and isovaleric acids in caecum of
growing-finishing pigs while inclusion of 4% chic-
ory root powder increased acetic, propionic and bu-
tyric acids in colon digesta. Overall, in comparison
with weaners, growing-finishing pigs have larger,
longer and more mature digestive system which
makes them more capable to fibre utilisation (Li
et al., 2021). Nonetheless, decreased SCFAs or no
effect of dietary inulin on SCFAs concentration may
result from its increased absorption in colonocytes.
Hu et al. (2020) reported that supplementation with
2% inulin induced the expression of the SCFAs

transporters SLC5A8 and SLC16A1 in colonocytes
of growing pigs. Furthermore, response differences
of gut microbiota to inulin supplementation may
be dependent on the initial Bifidobacteria level or
Bacteroides/Bifidobacterium ratio (Yin et al., 2023).
Thus, individual variability of gut microbiota of the
host may also be potential reason of response vari-
ability to inulin (Ojima et al., 2022) and therefore,
different effects on growth of pigs. The effects of
inulin on performance traits may also be depend on
dose and DP of inulin.

Reference data shows that pigs respond better
in performance traits at higher inulin doses (Rosen-
vold et al., 2001a; Hansen et al., 2002; Jayasoori-
ya et al., 2009; Ponnampalam et al., 2009; Grela
et al., 2013; Samolinska and Grela, 2017; Sobol
et al., 2018). Metzler-Zebeli et al. (2017) reported
that 3—5% inulin in diet is recommended as mini-
mal dose to modulate physiological and microbial
parameters in the gastrointestinal tract of pigs.
Nonetheless, these authors using meta-regression
analysis, showed negative relationship between
dietary inulin concentration and colonic bifidobac-
teria while inulin concentration had no effect on
SCFA concentration.

In this research, meta-analysis indicated, that
inulin supplementation in growing-finishing pigs
significantly (P < 0.01) increased ADG in both
dose-dependent subgroups. However, these dose-
dependent effects of inulin supplementation differed
in narrow range of the effect size and 95% CI. How-
ever, there was high heterogeneity (I> = 90.18%
and 73.45% respectively) across all studies, indi-
cating that other factors may have impact on ADG
(Table 3).

The chain length (DP) of inulin may also be
potential reason of variability in performance
traits of pigs. Inulin with higher chain length was
found to have a more beneficial effects on ADG
than short chain inulin (Samolinska and Grela,
2017; Samolinska et al., 2018; Grela et al., 2021).
Samolinska and Grela (2017) found that inclusion
of 2 or 3% long-chain inulin in fed of growing-
finishing pigs exerted more pronounced effects
on ADG than application in similar doses of stan-
dard inulin with average DP of 10. In later studies,
Samolinska et al. (2018) indicated that supplemen-
tation with 2% long-chain inulin significantly im-
proved the ADG and FCR of the grower-finisher
pigs. The DP of inulin affects the end products
of gut microbial fermentation. Short-chain inulin
exhibits more rapid fermentation than long-chain
inulin (Stewart et al., 2008). Yasuda et al. (2009)
reported that short-chain inulin can be fermented
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to some extent in the jejunum and ileum where the
resistant microbiota shift to more aerotolerant spe-
cies such as Lactobacilli. Patterson et al. (2010)
found that long-chain inulin was fermented in dis-
tal ileum or the cecum where the bacterial popula-
tions shift to more anaerobic species such as Bifi-
dobacteria and Bacteroides.

In this study, meta-analysis indicated, that sup-
plementation both short and long-chain inulin sig-
nificantly increased ADG in growing-finishing pigs.
Nonetheless, the larger effect detected for long-
chain inulin (Table 3).

Dietary inulin in pig diet can positively im-
pact feed intake (Hansen et al., 2002; Yasuda et al.,
2009; Grela et al., 2013; 2014; Wang et al., 2020)
potentially by modifying the gastrointestinal mi-
crobiome, enhancing nutrition absorption and pro-
duction of SCFAs (Yasuda et al., 2009; Grela et al.,
2014; Wang et al., 2020; He et al., 2021). None-
theless, the effects of inulin supplementation on
ADFI are not consistent between studies. Pigs in
some experiments have reduced ADFI (Rosenvold
etal., 2001a,b; Sobol et al., 2018) whereas ADFI re-
mained constant in others (Vhile et al., 2012; Deng
et al., 2017; Samolinska et al., 2018; McCormack
etal., 2019; Yang et al., 2023).

In this study, meta-analysis indicated that inu-
lin supplementation significantly decreased ADFI
(by 0.035 kg) in weaned pigs. However, I? statistics
detected that there was substantial heterogeneity
(I>=91.71%) between studies. Inulin dose and the
chain length had no effect on ADFI. Furthermore,
none of the factors employed to stratify the studies
showed differences in FCR between inulin fed and
control pigs (Table 3).

The adverse effects of inulin on ADFI may be
controlled by various mechanisms. As previously
noted, weaned pigs have immature digestive sys-
tem that makes them less capable to fibre utilisa-
tion. In weaned pigs, dietary inulin may tend to de-
crease feed intake compared to control diet due to
increased gut fill and earlier satiety (Brambillasca
et al., 2015). Metzler-Zebeli et al. (2017) reported
that increase in dietary levels of inulin was nega-
tively correlated with coefficient of ileal apparent
digestibility of dry matter. Additionally, effects of
inulin on appetite may also be linked with concen-
tration of ileal propionic acid. Propionic acid is a
weak organic acid that can easily cross the intestinal
barrier and the blood-brain barrier to reach the brain
(MacFabe et al., 2007) where it may exert limited
appetite-suppressing effect.

In Europe, pork-oriented consumers are not
consistent in their preferences towards meat.

Nonetheless, in most countries, they prefer pork
chains that deliver meat of high quality and health
(Lin-Schilstra et al., 2022). Additionally, many of
them, favour pork produced without antibiotics
(Paudel et al., 2022). Pork labelled as ‘raised with-
out antibiotics’ is perceived by consumers as hav-
ing better quality and producing with higher welfare
standards (Bradford et al., 2021). Fresh meat quality
encompasses a range of attributes that determine its
usefulness to the consumer (Joo et al., 2013). Some
of them, as fat content, colour or water-holding ca-
pacity (WHC) determine quality at the moment of
purchase, others such as tenderness or juiciness at
the moment of consumption (Grunert et al., 2004).
Meat quality is influenced by various pre- and post-
slaughter factors (Warner et al., 2010). Nutrition
plays a critical role in meat quality development
(Apple, 2013). Reference data shows that dietary fi-
bre in fed of pigs may modify meat quality (Li et al.,
2015; Cho et al., 2015; Han et al., 2020). Dietary
inulin supplementation in pig fed positively influ-
ences on meat quality. Research indicates that inulin
enhances colour through increase in redness (Pon-
nampalam et al., 2009; Przybylski et al., 2019) and
improvement in antioxidant stability (Ponnampalam
et al., 2009; Grela et al., 2021). Additionally, inulin
contributes to better water-holding capacity (Rosen-
vold et al., 2001a; 2002; 2003) and reduced share
force (Sobolewska and Grela, 2014; Grela et al.,
2021). Nonetheless, the effects of inulin supplemen-
tation on meat quality are not consistent between
studies. In some experiments, pigs supplemented
with inulin have reduced redness (Sobolewska and
Grela, 2014; Grela et al., 2021), water-holding ca-
pacity (Aluwé et al., 2013) or tenderness (Rosen-
vold et al., 2001a; 2001b) others showed no effect
of inulin on pork quality traits (Hansen et al., 2008;
Wang et al., 2019; Dunshea et al., 2024). Dietary
inulin may exert effects on meat quality through
several potential mechanisms. These include regu-
lation of skeletal muscle metabolism, transforma-
tion of muscle fibre type or intramuscular fat depo-
sition (Han et al., 2022; Wen et al., 2024). Overall,
inulin modulates microbial composition and some
metabolites including SCFAs that regulate glucose
metabolism (Yan et al., 2023). In skeletal muscle
SCFAs improve glucose uptake through increased
expression of glucose transporter type 4 (GLUT4)
induced by AMP kinase (AMPK) (Han et al., 2022).
Furthermore, AMPK activation inhibits glycogen
synthesis by suppressing of glycogen synthase (GS)
to maintain the energy balance in muscle. Thus,
the state of AMPK prior to slaughter may modu-
late in vivo glycogen stores in skeletal muscle and
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post-mortem glycolysis and thereby meat quality
(Shen et al., 2006). The greater glycolytic potential
(GP) have muscles in the absence of AMPK activa-
tion (Scheffler and Gerrard, 2007). In mice, Miao
et al. (2021) reported that supplementation with
inulin (3.33 g/kg/day) for 4 weeks significantly in-
creased GLUT4 expression. Additionally, inulin has
been linked to improved metabolic markers related
to postmortem glycolysis, aldolase (ALD), pyru-
vate kinase (PK) and phosphoglucose isomerase
(PGI) (Przybylski et al., 2019). PGI catalyses the
conversion the conversion of glucose 6-phosphate
to fructose 6-phosphate while ALD catalyses fruc-
toso 1,6 biphosphate to glyceraldehyde 3-phosphate
at the initial stage of glycogenolysis. PK catalyses
conversion of phosphenolpyruvate to pyruvateat
the final stage of glycogenolysis. The amount of
initial glycogen content together with the activ-
ity of glycolytic enzymes are key biochemical fac-
tors responsible for post-mortem glycolysis and
pH development (Scheffler and Gerrard, 2007).
Przybylski et al. (2019) reported that growing-fin-
ishing pigs fed diet with inulin (7% of daily feed
intake) displayed significantly higher levels of PK/
PGI and ADL than those from control group. Fur-
thermore, dietary fibre through modulation of gut
microbiome composition and microbial metabolites
can transform muscle fibre profile (Li et al., 2015;
Han et al., 2020). Overall, muscle fibre is divided
into four types including slow-oxidative or type
I, oxido-glycolytic or type IIA and fast-glycolytic
IIX and IIB, which are encoded by myosin heavy
chain (MyHC) isoform genes: I, Ila, 1Ix, and IIb,
respectively (Lefaucheur et al., 2002). The differ-
ence in muscle fibre composition affects the meat
quality. The fibre type IIB contains higher amounts
of glycogen and have higher glycolytic enzymes
activity than fibre type 1. Consequently, the higher
proportion of glycolytic fibres is associated with
an accelerated pH decline after the slaughter, de-
creased water-holding capacity and paler colour
(Choe et al., 2008; Joo et al., 2013). Thus, the in-
crease in the proportion of slow-twitch or oxida-
tive muscle fibres contributes to better meat qual-
ity. Han et al. (2020) reported that Euralian pigs
fed diet with 7% wheat bran exhibited significantly
lower expression of MyHC IIb and higher expres-
sion of MyHC I than those fed with control, 14 and
21% wheat bran. Liu et al. (2024) showed that in-
crease in soluble dietary fibre to insoluble dietary
fibre ratio (from 0.15 to 0.25) decreased fast-twitch
myosin heavy chain (MyHC IIb) and increased
slow-twitch myosin heavy chain (MyHC 1) pro-
tein expression. The mechanism by which dietary

fibre may transform muscle fibre profile is still
unknown. According to Zhang et al. (2019) altera-
tions in SCFAs can inhibit deacetylase enzyme ac-
tivity, promote peroxisome proliferator activated
receptor gamma coactivator-1 alpha (PGC-1a) and
further increase of MyHC I expression. The effects
of inulin on muscle fibre profile are relatively little
known. Nonetheless, Wang et al. (2019) reported
that supplementation with inulin (0.5%) signifi-
cantly elevated expression level of MyHC IIB.

Research indicates that high doses of inulin may
decrease glycogen reserves in skeletal muscles be-
fore the slaughter (Rosenvold et al., 2001b; 2003).
Rosenvold et al. (2001b) reported that pigs fed with
inulin (25%) for three weeks before the slaughter
displayed significantly lower levels of glycogen
than those from control group. Nonetheless, they
did not show the impact of inulin on ultimate pH.
Hansen et al. (2008) showed that pigs supplemented
with 5% inulin exhibited lower levels of glycogen at
45 min and 24 h after the slaughter but did not sig-
nificantly differ from the control group. Addition-
ally, pH at 45 min. and 24 h after the slaughter did
not significantly differ between feeding treatments.
Przybylski et al. (2019) reported that supplementa-
tion with 7% of inulin both for 40 and 70 days had
no effect on glycolytic potential (GP) and glucose
content at 45 min after the slaughter but pigs fed in-
ulin for 40 days displayed significantly higher lev-
els of lactic acid. Nonetheless, these authors found
that only supplementation with 7% of inulin both
for 70 days significantly improved ultimate pH.

The meta-analysis demonstrated no effect of
inulin supplementation both on pH1 and pHu. Fur-
thermore, none of the factors employed to stratify
the studies showed differences in pH1 and pHu be-
tween inulin feed and control pigs (Table 4).

Drip loss and colour are the most important
meat quality traits strongly associated with con-
sumer habits and willingness to pork purchase
(Henchion et al., 2014). The water release from
fresh meat depends on various factors includ-
ing breed, rearing condition with feeding pattern,
transport, stunning and post-slaughter treatments
e.g., chilling of carcasses (Hughes et al., 2014). All
of these factors in post-mortem various extent af-
fect biochemical and structural events, such as the
rate and extent of pH decline post-mortem, myo-
fibrillar shrinkage and contraction, permeability
of cell membranes to water, and the development
of drip channels and extracellular space, that are
responsible for water release from meat (Schafer
et al., 2002). Nutrition has rather lower effect on
drip loss than genetics and pre- and post-slaughter
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management, but there is evidence that dietary
modifications may enhance the water release from
meat (Apple, 2007). Research indicates that high
fibre diets may enhance meat quality by improv-
ing water-holding capacity (Li et al., 2015; Cho
et al., 2015). The high doses of inulin in diet of
pigs may enhance drip loss through combined ef-
fects on glycogen synthesis in muscles and pattern
of post-mortem glycolysis linked with the rate and
range of pH decline. Rosenvold et al. (2002; 2003)
reported that inulin supplementation at 25% of the
diet improved drip loss. Nonetheless, Sobolewska
and Grela (2014) fount that loins of pigs supple-
mented with 2% of inulin exhibited better water-
holding capacity than those from control group.
In contrast Aluwé et al. (2013) reported that loins
of pigs that were fed with 7% of inulin, despite
of higher ultimate pH in comparison with those
from control group (5.6 vs. 5.4), had significantly
higher drip loss. Others reported no effect of inulin
supplementation on drip loss (Hansen et al., 2008;
Ponnampalam et al., 2009; Dunshea et al., 2024;
Wang et al., 2019; Grela et al., 2021). Similarly,
Przybylski et al. (2019) reported that supplemen-
tation with 7% of inulin, both for 40 and 70 days,
had no effect on drip loss, but loins of pigs fed with
inulin for 40 days displayed higher by 1.3 p.p. drip
loss in comparison to those fed for 70 days and
control pigs. However, this insignificance may
be due to low statistical power (5 animals in each
group) rather than an ineffective intervention.

In this research, the meta-analysis demon-
strated no effect of inulin supplementation on drip
loss. Furthermore, none of the factors employed to
stratify the studies showed differences in drip loss
between inulin feed and control pigs (Table 4).

The lightness of fresh meat depends on the con-
centration of myoglobin and muscle microstructure
that influences light scattering whereas redness and
yellowness are linked to myoglobin concentration
and the chemical state of myoglobin (Purslow et al.,
2021). These biochemical and physiological proper-
ties of meat are related to complex of intrinsic (e.g.,
breed, muscle type, diet) and extrinsic (pre-slaugh-
ter handling, transport, stunning, carcass chill-
ing) factors that occur along the production chain
(Mancini and Hunt, 2005). Nutrition has limited ef-
fect on meat colour (Gagaoua et al., 2023). How-
ever, dietary supplementation with magnesium or
vitamin D3 has been shown to improve pork colour
(Wilborn et al., 2004; Apple et al., 2007;). Several
meta-analyses also reported nutritional modifica-
tions of pork colour. Trefan et al. (2010) showed a
positive effect of dietary vitamin E supplementa-

tion on pork redness (a* value). Wang et al. (2021)
reported that polyunsaturated fatty acids (PUFAs)
supplementation decreased the lightness (L*) of
pork loins. Reference data shows that dietary inulin
in fed of pigs has rather limited effect on pork co-
lour. The incorporation of high doses of inulin in fed
of pigs has been shown to reduce the lightness of
pork (Rosenvold et al., 2002). Ponnampalam et al.
(2009) found that supplementation with 5% of inu-
lin increased redness of pork loins. The mechanism
of inulin action on pork colour is not fully clear. Po-
tentially, dietary inulin influences pork colour by al-
tering the biochemical and physiological properties
of meat. However, Sobolewska and Grela (2014)
and Grela et al. (2021) reported that supplementa-
tion with 2% of inulin significantly reduced redness
and increased yellowness of pork loins. These alter-
ations in pork colour may be potentially linked with
combined effects of dietary inulin on antioxidant
stability and proportion of muscle fibre type. Grela
et al. (2021) reported that loins of pigs fed a diet
supplemented with 2% of inulin displayed higher
oxidative stability (lover values of TBARS — 2-thio-
barbituric acid reactive substances) than those from
control group. The authors explain that this effect
may be linked with the lower content of myoglobin
which shows pro-oxidative effects due to presence
of Fe. The concentration of myoglobin varies de-
pending on muscle fibre type. Muscle fibres of type I
and type 1Ib possesses higher myoglobin levels then
type IIb muscle fibres (Lefaucheur, 2010). Wang et
al. (2019) reported that supplementation with inu-
lin (0.5%) significantly elevated expression level of
MyHC IIB. Nonetheless, these authors found no ef-
fect of dietary inulin on pork colour. Similarly, other
researchers (Hansen et al., 2008; Jayasooriya et al.,
2009; Aluwé et al., 2013; Dunshea et al., 2024) re-
ported no effect of inulin supplementation on pork
colour.

In this research, the meta-analysis of all avail-
able results revealed significantly higher yellowness
(b*) of loins from inulin supplemented pigs and no
significant differences in lightness (L*) or redness
(a*) between inulin feed and control pigs. How-
ever, there was high heterogeneity (12 = 86.80%)
across all studies, indicating that other factors may
have the influence on pork colour. In sub-groups,
the application of LC inulin significantly increased
the lightness (L*) and redness (a*) and decreased
the yellowness (b*) of meat, but with high hetero-
geneity between studies. Inulin dose, modified only
redness and yellowness of pork. The application of
inulin at lower than 3% dose in diet of pigs result-
ed in significant increase in a* and decrease in b*
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value. At higher doses, equal or above 3%, inulin
significantly decreased a* with no effect on b*. Stun-
ning method modified only redness of pork. The
loins of pigs fed with inulin and stunned with CO2
exhibited significantly lower a* values in comparison
with those from control group. The 12 statistic in this
sub-group (45.82%), however, shows moderate het-
erogeneity between studies (Table 4).

Conclusions

The findings of this meta- analysis suggest that
inulin supplementation may exert positive effects
on average daily gain (ADG), although the magni-
tude of these effects may depend on the production
stage or degree of polymerisation of inulin. The
application of inulin significantly improved ADG
only in growing-finishing pigs, although the larg-
est effect detected with application of long-chain
inulin. Inulin dose (<3% or >3%) significantly im-
proved modified ADG of grower-finisher pigs but
in similar range of the effect size. However, sup-
plementation of inulin in feed of pigs may result in
increase of average daily feed intake. Nonetheless,
this trend has been detected only in weaning pigs.
Dietary inulin did not have the effect on initial and
ultimate pH and drip loss but significantly modi-
fied the colour of pork under the several study fac-
tors. A trend to increase in redness and decrease in
yellowness was detected in loins of pigs fed with
lower (<3%) doses of inulin, nonetheless the appli-
cation of long-chain inulin may result in increase
of lightness of meat.
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