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G W N e

Simple Summary: Simple Summary: Weaning stress in piglets often leads to intestinal damage,
inflammation, and subsequent problems, including diarrhea and hindered growth. While antimi-
crobials have been utilized to mitigate these side effects, concerns regarding antibiotic resistance
necessitate the exploration of alternatives. Purified seaweed extracts, notably fucoidan, exhibit
promising antioxidant and anti-inflammatory properties. This study aimed to evaluate the impact
of administering a preweaning highly purified fucoidan drench to piglets on post-weaning growth,
immune response, and intestinal morphology. Results demonstrated that the preweaning fucoidan
drench did not elicit adverse effects on piglets. However, neither preweaning fucoidan nor an
antimicrobial drench improved growth, immune response, or intestinal morphology compared to
the control-treated piglets. Further research should focus on refining preweaning administrative
protocols and employing commercial models to comprehensively assess fucoidan’s potential to
promote the health and productivity of weaner piglets and, ultimately, reduce the industry’s reliance
on antimicrobials.

Abstract: Weaning stress imposes considerable physiological challenges on piglets, often manifesting
in intestinal disturbances, such as inflammation and compromised barrier function, ultimately
affecting growth and health outcomes. While conventional interventions, including antimicrobials,
have effectively mitigated these sequelae, concerns surrounding antimicrobial resistance necessitate
the exploration of alternatives. Fucoidan, derived from brown seaweed, offers promise due to
its antioxidant and anti-inflammatory effects. Previous research has been limited to the in-feed
supplementation of partially purified fucoidan extracted from brown seaweed. The focus of the
present study is assessing the effect of a preweaning drench with highly purified (85%) fucoidan on
piglet growth, immune response, and intestinal morphology post-weaning. Forty-eight male piglets
at 17 & 3 days of age (5.67 £ 0.16 kg) were assigned to a saline (control), fucoidan, or antimicrobial
group, receiving treatment as a single 18 mL oral drench three days before weaning. Monitoring
for seven days post-weaning included body weight measurements, blood sample collection for the
inflammatory protein assay, and small intestine morphological analysis. The findings revealed that
the preweaning fucoidan drench did not elicit adverse effects on piglets. However, neither fucoidan
nor antimicrobial drenches significantly enhanced growth parameters, immune markers, or intestinal
morphology compared to that of the control-treated piglets (p > 0.05). The lack of response may be
attributed to the high health status of the experimental cohort and the limitation of a single dosage.
Future research should consider a more challenging production setting to evaluate the viability and
optimal application of fucoidan as an antimicrobial alternative in the pig industry.
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1. Introduction

In Australian pig production, piglets are most frequently weaned between three
and four weeks of age [1]. During this process, piglets encounter several challenges,
including separation from the sow, changes in nutrition (composition and form) and their
social and physical environment, as well as exposure to new environmental antigens and
pathogens [2]. Consequently, weaning is recognized as a highly stressful period during
which newly weaned piglets often experience a substantial reduction in feed intake [3,4].
This, in turn, leads to significant alterations in the morphology and function of the small
intestine, manifesting as notable villous atrophy and crypt hyperplasia within two days
post-weaning [4,5]. These morphological changes can significantly compromise the piglets’
ability to digest and absorb nutrients effectively [6]. In addition, the weaning process can
also disrupt the intestinal barrier’s integrity, allowing foreign antigens such as bacteria,
toxins, and dietary antigens to leak through the epithelium and trigger inflammation [2,7].
These intestinal changes, in combination with separation-induced stress, render newly
weaned piglets more vulnerable to post-weaning diarrhea, systemic infections, and growth
and productivity restrictions. These adverse outcomes, in turn, collectively contribute to
significant economic losses within the pig industry [2,7,8].

To mitigate the adverse effects of weaning, prophylactic doses of antimicrobial growth
promoters (AGPs) and zinc oxide (ZnO) have been employed [9]. However, due to their
role in the development of antimicrobial resistance and environmental pollution, there are
growing global efforts to reduce their routine incorporation in livestock diets [10]. This has
prompted a search to find reliable and effective alternatives.

Seaweed extracts have emerged as promising candidates as they are considered safe, en-
vironmentally friendly, and highly bioactive [11-13]. One component of interest is fucoidan, a
fucose-rich sulfated polysaccharide found in the cell wall of brown seaweed (Phaeophyceae) [14].
In the absence of in-feed AGP or ZnO, preliminary studies have shown that in-feed fucoidan
supplementation extracted from a number of brown seaweed species has potential benefits
for promoting health and production in weaner pigs [6,15-18]. This can be attributed to the
antimicrobial, antioxidant, and anti-inflammatory properties of brown seaweeds and extracted
fucoidan, which have been demonstrated in both in vitro and in vivo models [12,14,19]. In
newly weaned piglets, oxidative stress often has a pivotal role in the damage inflicted on
the villi and the intestinal barrier within the small intestine [4,5,7]. Fucoidan is a natural
antioxidant that can scavenge free radicals and thereby minimize the extent of intestinal dam-
age [20,21]. Additionally, anti-inflammatory activity has been shown to alleviate post-weaning
inflammation [22,23]. Several studies have reported that these bioactive properties of fucoidan
ultimately promote improved weaner health and growth performance [6,15,17,18]. However,
there has been variation between studies regarding their experimental designs and subsequent
research findings [24-26].

Some studies have shown that an antagonistic interaction exists between fucoidan and
another major seaweed polysaccharide, laminarin, which may contribute to the variation
observed across studies [6,16,17]. Accordingly, recent research assesses purified fucoidan
extracts. However, studies have been restricted by extraction technology, resulting in the
use of ‘partially purified” or “fucoidan-rich” extracts with purity levels ranging from 11%
to 44% [15,24,27]. Additionally, fucoidan administration has predominantly been limited
to in-feed supplementation in the weaner diet. Consequently, piglets were introduced
to the supplement during periods of heightened stress and a substantial decline in feed
consumption, potentially resulting in minimal fucoidan intake during the early post-
weaning phase [4].

To date, published research assessing the effect of highly purified fucoidan in newly
weaned pigs is limited, and alternative administration methods remain largely unexplored.
Research involving preweaning fucoidan administration in the form of an oral drench is, to
our knowledge, non-existent. Hence, the primary objective of this study was to investigate the
effect of the preweaning oral dosing of a highly purified (85%) fucoidan extract from Fucus
vesiculosis on intestinal morphology and serum inflammatory markers in weaned pigs. It was
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hypothesized that a preweaning fucoidan drench would reduce the extent of damage inflicted
on villous structures post-weaning and thereby promote intestinal health and function as well
as reduce the inflammatory response of newly weaned piglets so that they can better cope
with the stressors encountered during the turbulent post-weaning period.

2. Materials and Methods

This experiment was conducted at a pig production facility in Roseworthy, South
Australia, from May to June 2023. The experimental protocol was approved by the Primary
Industries and Regions South Australia Animal Ethics Committee (Ethics ID: #08/23). All
animal procedures described were performed in agreement with the Australian Code for
the Care and Use of Animals for Scientific Purposes (8th edition; National Health and
Medical Research Council, 2013).

2.1. Animal Housing and Management

The experiment was a 28-day study consisting of an observational phase and an
intervention phase (Figure 1). The observational phase began 24 h after birth and continued
through most of the lactation, during which an initial cohort of 60 male piglets were
monitored. This initial cohort accounted for a potential preweaning mortality of 20% [28].
Of these, 48 seemingly healthy piglets (with no prior antimicrobial treatment) continued
into the intervention phase, which commenced with a single dose of treatment administered
at 18 days of age (£3 days). Blood sampling occurred on the day before treatment (day 17),
at weaning (day 21), and one-week post-weaning (day 28).

Observational Phase Intervention Phase
n =00 n=48
Birth Drenching Weaning E“fl of
& = Trial
l %
|
Day 0 Day 18  Day 21 Day 28

Figure 1. The 28-day study timeline with observational and intervention phases. The experimental
day represents the average age of the intervention phase animals within a range of £3 days.

During the farrowing and lactation periods, piglets were housed with their birth
sow in conventional farrowing crates (1.7 x 2.4 m) with fully slatted floors and a heated
creep area (Figure 2). The farrowing house was maintained at an ambient temperature of
22 °C using a thermostat-controlled cooling system. All piglet care and processing were
performed by the production staff as per standard practice during the observation stage,
including an iron dextran injection on day 3. At the commencement of the intervention
phase (day 18), all selected piglets received 18 mL of their assigned treatment, administered
orally using a 20 mL syringe. Subsequently, piglets were monitored for five minutes, and
visual health checks were conducted one-hour post-treatment.

On day 21, the piglets were weaned and relocated with their respective treatment
groups from the farrowing house to three partially slatted weaning pens (2.6 x 2.7 m), each
housing 16 piglets (Figure 3). Solid paneling separated the pens to minimize interactions
between treatment groups. Each pen was equipped with two heat lamps. Piglets were
offered unrestricted access, through a five-space feeder, to a standard commercial weaner
diet formulated containing 22% crude protein, 14.5 MJ/kg of digestible energy, and 1.19%
ileal digestible lysine without medication or zinc oxide inclusion. Water was available ad
libitum from piglet nipple drinkers.
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Figure 2. Diagram illustrating the conventional farrowing crate layout where piglets were housed
with their birth sows until weaning.
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Figure 3. Schematic representation of the weaner pen layout where piglets were housed in their
treatment groups (1 = 16 piglets/pen) from weaning until the end of the trial.

2.2. Treatment Preparation

Three treatments, including control, fucoidan, and antimicrobial, were prepared for
administration as 18 mL drenches. The control treatment was 0.9% saline. The fucoidan
treatment was prepared by mixing 680 mg of fucoidan with 18 mL with 0.9% saline.
The fucoidan extract was obtained commercially from Marinova Pty Ltd. (Cambridge,
TAS, Australia), batch no. FVS2022557. It was extracted from Fucus vesiculosus with a
purity of 85.8% (dry weight). The chemical composition (absolute mass percentages) of
the extract included 52.8% neutral carbohydrates, 22.5% sulfate, 85.8% fucoidan, and
9.5% polyphenols. The selected dosage and dilution were determined based on factors
in consultation with the chemical scientist from the manufacturer. As no current research
in the literature has explored the administration of brown seaweed extract as a single
oral dose, the concentration was based on the optimal in-feed supplementation identified
in previous studies as 240 ppm [6,16]. The single oral dose was also calculated based
on the assumption of an assumed maximum daily feed intake of 0.3 kg over eight days
post-weaning using an extract with 85% purity. A single dose was chosen to reduce the
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number of additional handling events that the piglets would experience. The antimicrobial
treatment consisted of 6 mL of Scour-X™ (Ausrichter Pty Ltd., Sydney, NSW, Australia),
containing Sulfadiazine, Sulfadimidine, and Neomycin Sulphate, in 12 mL of 0.9% saline.

2.3. Experimental Design

At approximately 24 h of age, 60 piglets were selected and ear-tagged for individual
identification. Selection criteria involved sex (male) and weight (over 1 kg). Piglets from sows
that were induced or medicated around the time of parturition were excluded. Selection from
birth was performed to ensure the accurate tracing of birth sows and health status. To account
for a potential preweaning mortality of up to 20%, the selection of 60 piglets intentionally
exceeded the required 48 for the intervention phase. Based on a 5% significance level and 90%
statistical power, the calculation of sample size utilized values from the literature [29] and was
performed using G*Power (v3.1.9).

Due to an outbreak of exudative epidermitis in the farrowing rooms, 26 piglets were
removed from the trial at approximately day 14 as they received antibiotic treatment. To
maintain a sample size with sufficient statistical power, 14 replacement piglets were selected
at 17 days of age. These replacements were selected from litters previously enrolled in the trial
and four additional sows. Consequently, a total of 48 piglets (body weight (BW): 5.67 £ 0.16 kg
at 17 & 3 days old) from 16 sows (Landrace x Large White; parity: 2.31 & 0.23) progressed
to the intervention phase. These 48 piglets were stratified for treatment by their litter of
origin, body weight, and farrowing room. They were then subject to stratified randomization,
leading to their allocation to one of the three treatment groups (n = 16 piglets/treatment).
This allocation was performed using the standard randomization function in Microsoft Excel
365 (v2404). Subsequently, piglets received their assigned treatment drench at the outset of
the intervention phase (day 18), during which samples and measurements were also collected.

2.4. Experimental Measurements
2.4.1. Growth Performance

Individual piglet body weights were recorded at 17, 21, and 28 days of age, and the
average daily gain (ADG) was calculated. Piglets were also monitored for incidence of
post-weaning diarrhea.

2.4.2. Serum Sample Collection

On day 17 (noon), a baseline blood sample (5 mL) was collected from the jugular vein
of each piglet into vacutainers. The samples were centrifuged (1300 g for 10 min at 4 °C),
after which the serum was harvested and stored at —80 °C until analyses for inflammatory
biomarkers were performed. This sampling procedure was repeated for all piglets at noon
on day 21 (three hours after weaning) and day 28.

2.4.3. Intestinal Sample Collection

At 29 days of age, eight pigs per treatment (1 = 24) were selected (with litter repre-
sentation) and euthanized by intracardiac injection (3 mL of Lethabarb®, Virbac Pty Ltd.,
Milperra, NSW, Australia). The gastrointestinal tracts were removed within 15 min of the
confirmation of death. As per Leonard et al. [30], intestinal samples (1 cm) were obtained
from the duodenum (10 cm from the pylorus), the jejunum (60 cm from the pylorus), and
ileum (15 cm from the caecum) and flushed with 0.9% saline. Tissue samples were then
transferred to embedding cassettes and fixed in 10% neutral-buffered formalin (Sigma-
Aldrich® Pty Ltd., St. Louis, MO, USA) for intestinal histomorphology analysis. The tissue
sample collection and analyses were performed blind for piglet identification and their
allocated treatment group.
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2.5. Laboratory Analyses
2.5.1. Inflammatory Biomarkers

Assays for serum concentrations of the C reactive protein (CRP), as a major pig acute-
phase protein (pig-MAP), and haptoglobin were performed using pig-specific sandwich
enzyme-linked immunosorbent assay kits (Acuvet Biotech S.L., Zaragoza, Spain). These
acute-phase proteins were quantified according to the manufacturer’s instructions. All
analyses included the duplicate testing of standard samples and serum samples. Following
serial dilutions (1:500 for CRP, 1:1000 for both pig-MAP and for haptoglobin), absorbance
measurements were performed at 450 nm using a Bio-Rad xMark™ Microplate Absorbance
Reader. The mean absorbance values from the standard samples were used to generate
a standard curve, and the best-fit line equation was employed to calculate the mean
concentrations of the samples. The assays had minimum detection limits of 2 ng/mL
(CRP) and 0.2 ng/mL (both pig-MAP and haptoglobin), respectively, with coefficients of
variability of 6% for each.

2.5.2. Intestinal Histomorphology

The preserved intestinal segments (duodenum, jejunum, and ileum) were prepared
using standard paraffin-embedding techniques. The samples were sectioned to a thickness
of 5 pm using a microtome and stained with haematoxylin and eosin. The glass slides
were converted to digital slides using a Nanozoomer 2.0 Digital Slide Scanner. An image
analysis program, NDP.view2 (Hamamatsu Photonics k.k., Hamamatsu, Japan), was used
to measure villous height (VH) and crypt depth (CD). As per Hampson [30] and Choi
et al. [15], a total of ten intact and correctly orientated villi and their associated crypts
for each intestinal segment were measured. VH was measured from the crypt-villous
junction to the tip of the villus, and CD was measured from the crypt-villous junction to
the basement membrane (Figure 4). The results are presented as the mean VH and CD
(um), and the corresponding VH/CD ratio was calculated for each intestinal section.

Figure 4. Histology image (500 um) depicting morphometric measurements for the villous height
(straight line) and the crypt depth (oval) from a jejunal tissue section (haematoxylin and eosin stained)
of a piglet euthanized eight days post-weaning.

2.6. Statistical Analyses

The data were analyzed using the Statistical Analysis System (SAS; version 9.4; SAS
Institute Inc., Cary, NC, USA). The individual piglet was the experimental unit for all
dependent variables. Initially, all data were checked for normality by assessing kurtosis
values using the PROC MEANS procedure (hereafter, normality is considered for kurtosis
values between —2 and 2). Statistical significance was set at p < 0.05, while numerical trends
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were reported when p values ranged from 0.05 to 0.1. Data are presented as least-square
means with standard errors of the mean.

2.6.1. Growth Performance

Outliers were identified by a scatter plot and removed before further analysis (1 = 1). The
effect of treatment, farrowing room, and sow parity on the body weight (BW) and Average daily
gain (ADG) of piglets were estimated using a Mixed model in PROC MIXED, as represented in
Equations (1) and (2), respectively:

BW (kg) = (treatment group x farrowing room X sow parity) x e 1

ADG (g/day) = (treatment group x farrowing room X sow parity) x e ()

where treatment, farrowing room, and sow parity were fixed effects, and e represents the
residual effect. Piglet age, birth litter, and BW before treatment administration were tested,
but all were non-significant (p > 0.1) and excluded from the final model.

2.6.2. Inflammatory Biomarkers

Acute-phase inflammatory protein concentrations were assigned to normal (1) or
abnormal (0) categories. Concentrations of CRP < 30 ug/mL, pig-MAP < 1.73 mg/mL,
and haptoglobin < 1.04 mg/mL were considered normal [31-33]. Data were then expressed
as the proportion of piglets with inflammatory protein concentrations within the normal
range. The effect of treatment and days since weaning on inflammatory protein levels were
estimated using a regression model in PROC GLM, as represented in Equation (3):

Inflammatory Proteins = [(treatment group x day X variable) + (day x variable) + (treatment x variable)] x e  (3)

where day represents the days since weaning, and the variable is the proportion of pigs
within each treatment group with inflammatory protein concentrations within the normal
range. These were considered as fixed effects with e as the residual effect. The preliminary
model also tested the effects of piglet age, birth litter, farrowing room, and sow parity, but
these were not significant (p > 0.1) and were excluded from the final model.

2.6.3. Intestinal Histomorphology

The effect of treatment, farrowing room, and sow parity on the VH, CD, and VH/CD of
piglets was estimated using a Mixed model in PROC MIXED, as represented by Equation (4):

Histomorphology measure = (treatment group x farrowing room x sow parity) X e (4)

where treatment, farrowing room, and sow parity represent fixed effects, and e is the
residual effect. The preliminary model also tested the effects of piglet age, birth litter, and
body weight at day 28, but these were not significant (p > 0.1) and were excluded from the
final model.

3. Results
3.1. Growth Performance

Preweaning drench treatments did not significantly affect piglet body weight at wean-
ing (day 21) and seven days post-weaning (day 28). Piglet ADG was also unaffected
following the treatments (p > 0.05; Table 1). Farrowing room and parity, however, influ-
enced growth performance. These interactions were most pronounced in piglets originating
from the farrowing room that were most severely affected by Greasy Pig Disease, where
both body weight (p < 0.001) and ADG (p < 0.05) were significantly lower compared to
piglets from other rooms. These farrowing rooms and parity interactions were consistent
across all treatments. Additionally, no incidences of diarrhea were recorded post-weaning
for any treatment group.
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Table 1. Mean (+standard error) piglet growth performance following preweaning drench treatments
(n = 16/treatment).

Control Fucoidan * Antimicrobial p-Value
Control Antimicrobial

BW (kg)

d21 6.7+0.3 71+03 6.9+0.3 0.30 0.57

d28 74+03 7.6 £03 76 £03 0.58 0.92
ADG (g/d)

d17-d21 246 £ 15 262 +£15 243 £ 15 0.37 0.27
d21-d28 101 + 14 80 + 14 102 + 14 0.21 0.18
d17-d28 153 +£10 146 +£ 10 153 £ 10 0.52 0.54

* Outlier removed, remaining n = 15.

3.2. Inflammatory Biomarkers

There were no significant effects of treatment (p > 0.05) on acute-phase inflammatory
protein concentrations at either weaning or one-week post-weaning (Table 2). A high
proportion (>70%) of pigs displayed CRP and pig-MAP concentrations within the normal
limits at both time points. Conversely, whilst all piglets were “within normal limits” for
haptoglobin concentrations on the day of weaning, at one-week post-weaning, a large
proportion (>50%) had haptoglobin concentrations above the normal range, resulting
in the mean haptoglobin concentration for the experimental cohort (1.34 mg/mL) being
greater than the previously reported normal concentration (1.04 mg/mL).

Table 2. Mean proportions and respective 95% confidence intervals of pigs with CRP, pig-MAP, and
haptoglobin concentrations within normal ranges (<30 ug/mL, <1.73 mg/mL, and <1.04 mg/mL,
respectively) on day 21 and day 28 (n = 14/treatment).

Control Fucoidan Antimicrobial p-Value
Control Antimicrobial

CRP
d21 0.83 (0.67-1.00) 0.82 (0.67-1.00) © 0.77 (0.60-0.97) P 0.92 0.75
d28 1.00 (0.81-1.00) 0.86 (0.67-1.00) 0.79 (0.60-0.97) 0.32 0.62
Pig-MAP
d21 0.86 (0.68-1.00) 0.86 (0.67-1.00) 0.77 (0.59-0.97) 1.00 0.69
d28 0.93 (0.74-1.00) 0.73 (0.55-0.92) * 0.80 (0.62-0.98) * 0.17 0.50
Haptoglobin
d21 1.00 (0.81-1.00) 1.00 (0.81-1.00) 1.00 (0.81-1.00) 1.00 1.00
d28 0.50 (0.31-0.69) 0.36 (0.17-0.55) 0.14 (0.05-0.33) 0.29 0.11

% B9 5 =15,13, and 11, respectively, due to poor quality or insufficient quantity of blood collected.

3.3. Intestinal Histomorphology

Fucoidan drench treatment did not affect small intestinal morphology compared to the
control group (p > 0.05). However, compared to the piglets treated with antimicrobials, the
fucoidan drench showed significantly reduced VH in the duodenum (p < 0.05; Table 3). No
significant difference in other small intestinal measures (CD and VH/CD) was observed
between these treatments.
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Table 3. Mean (+standard error) effects of preweaning drench treatments on small intestinal VH, CD,
and VH/CD of piglets on day eight post-weaning (n = 8/treatment).

Control Fucoidan Antimicrobial p-Value
Control Antimicrobial

Duodenum
Villous Height, pm 409 £312 411 £33 2P 463 £ 32° 0.92 0.03
Crypt Depth, um 457 + 17 424 + 15 424 + 17 0.14 0.99
VH/CD 0.95 £ 0.09 1.02 £ 0.11 1.14 +0.09 1.00 1.00
Jejunum
Villous Height, um 393 £+ 22 399 + 33 407 + 27 0.80 0.71
Crypt Depth, pm 381 +17 360 + 10 370 £18 0.37 0.68
VH/CD 1.06 £ 0.03 1.14 £0.11 1.14 £ 0.06 1.00 1.00
Ileum
Villous Height, pm 335+ 31 311+21 370 £17 0.30 0.65
Crypt Depth, um 276 £ 9 288 £9 270 £17 0.60 0.45
VH/CD 1.25+0.13 1.11 £ 0.11 1.15 £+ 0.08 1.00 1.00

b indicates significant difference between the control and antimicrobial group for duodenum villus height.

An interaction between farrowing rooms and small intestinal morphology was evident,
particularly in piglets from the room most severely affected by exudative epidermitis. In
this specific group of pigs, a significant reduction (p < 0.001) in VH was observed in both
the duodenum (346 + 18 pm) and jejunum (330 £ 18 pm) compared to piglets from the
room least affected by the disease (duodenum: 488 + 20 um and jejunum: 466 + 20 um).
This farrowing room effect was represented across the treatment groups.

4. Discussion

Previous studies explored the benefits of a weaner diet supplemented with brown
seaweed extracts, notably fucoidan, and laminarin, on the health and performance of
weaned pigs, but the findings from these studies were inconsistent. Research has previously
been limited to the in-feed supplementation of ‘partially purified” or ‘fucoidan-rich” extracts
from differing brown seaweeds with ambiguous descriptions of “purified” [15,24,27]. The
focus of the present study was to assess the effect of the preweaning administration of
a single dose of highly purified (85%) fucoidan extract drench on the growth, immune
response, and intestinal morphology of weaned pigs.

The results indicate that the piglets treated with a preweaning fucoidan drench exhib-
ited post-weaning intestinal morphology changes comparable to those that received the
control treatment. Compared to the fucoidan drench, the antimicrobial treatment had one
significant difference in morphology, with these piglets exhibiting an increase in the VH in
the duodenum. This difference may be associated with differing mechanisms and sites of
action, as a difference in VH was not observed in other areas of the intestine. Additionally,
it did not translate into discernible production, performance, or health improvements.
Neither preweaning fucoidan nor antimicrobial drench treatments significantly improved
growth performance compared to the control-treated piglets. Similarly, neither treatment
resulted in an enhanced immune response compared to the control treatment.

This limited response can be primarily attributed to the overall high health status
of the experimental cohort. Previous research by Pierce et al. [34] indicated that healthy
and high-performing piglets often show little or no response to weaning interventions.
In this study, approximately 80% of the pigs within each treatment group maintained
normal, healthy levels of inflammatory CRP and pig-MAP at weaning and one-week
post-weaning [31,32]. This high health status was further emphasized by the absence of
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post-weaning diarrhea, clinical infections and mortality, and the relatively normal growth
rates among the animals in this study. Additionally, the entire experimental cohort had VH
measures (a key measure of intestinal health) that consistently exceeded those observed
in similar weaning fucoidan studies [6,24], where treatment-related differences in ADG,
diarrhea, and intestinal morphology were noted.

Contrary to all other results indicating a cohort of high health status, the mean hap-
toglobin concentration of the pigs in this cohort was higher than that reported in the
literature at one-week post-weaning [33,35]. This may be genetic, or it may be associated
with the timing of increased levels following inflammation. In studies investigating in-
fectious diseases in pigs, haptoglobin has a longer period of elevation compared to other
acute-phase inflammatory proteins, including CRP and pig-MAP [36-38]. Additional
serum samples throughout the seven days post-weaning, and potentially beyond, may aid
in better identifying the effects of fucoidan and antimicrobials on acute-phase proteins if
more gradual.

Despite the elevated haptoglobin concentration, the overall results indicate a cohort
with a high health status. While the farm’s effective management practices likely con-
tributed to this, the weaning conditions may have played a crucial role. In contrast to the
large outdoor, open shelters commonly used in Australian commercial piggeries, piglets
in this trial were weaned into indoor, insulated weaning pens. In semi-outdoor settings,
weaned piglets are exposed to novel pathogens, greater temperature variations, and larger
groups of piglets, which can greatly challenge their immune systems [2]. Differences
in immune responses between treatments might have become apparent had the piglets
been exposed to the challenges of a commercial weaning environment. Despite the lack
of response in the present study, there is compelling evidence suggesting that fucoidan
possesses immunoregulatory and anti-inflammatory functions. In studies where piglets
were challenged by lipopolysaccharide [39], or Escherichia coli infections [8], in-feed fu-
coidan supplementation was shown to enhance piglet immune responses by upregulating
pro-inflammatory cytokines, including intestinal TNF-«. Additionally, fucoidan has demon-
strated the ability to inhibit the attachment of bacteria, particularly pathogenic enterococci
and streptococci species, in ex vivo porcine models [40]. This implies that fucoidan may
exhibit immunoregulatory functions when pathogenic organisms challenge the host. There-
fore, a challenge model more closely reflecting these commercial conditions could yield
differing results. Research in such commercial settings is needed to explore the potential of
fucoidan to control pathogens, reduce disease, and improve performance in weaned pigs.

Efforts were made to select healthy piglets not exhibiting clinical signs of exudative
epidermitis. Some piglets within this study, however, were exposed to the disease before
treatment during early lactation. This exposure potentially contributed to the reduced
growth and intestinal morphology results observed in the piglets originating from the
farrowing rooms most severely impacted by the disease. This suggests that the response to
a challenging environment may be contingent on whether exposure occurs before or after
drench treatment. Thus, the timing of drench administration may be important, alongside
other components of the drenching protocol.

As previous studies have been limited to in-feed fucoidan supplementation, those in the
literature detailing an optimal dose, time, and duration for administering fucoidan extract as a
drench are non-existent. The optimal in-feed fucoidan concentration of 240 ppm [16,18,41,42]
was a reference point for establishing the drench dose in this study. The inclusion level
and/or time of administration may have been insufficient to induce a notable effect when
administered as a single drench. The technique of preweaning drench administration has
been explored in the context of preweaning probiotics, where studies have indicated that early
drench administration, specifically between birth and day four post-partum, could optimize
results post-weaning [43—46]. During this early stage, the immature gut and microbiome
are in a state of critical developmental plasticity, rendering them vulnerable yet receptive
to changes induced by drenching interventions [47]. Furthermore, interventions targeting
this developmental window have the potential to result in lasting physiological changes [48].
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Other probiotic preweaning drench studies have indicated that more than one preweaning
dose could be necessary to establish significant intestinal changes [45,49]. Therefore, research
investigating the effects of equivalent post-partum fucoidan drench treatment is warranted.
However, given the vulnerability of piglets during this early post-partum period, additional
preliminary safety studies are needed.

While this study did not reveal significant differences in growth, immune response,
or intestinal morphology across the treatment groups, it concluded that no adverse effects
were observed when highly purified fucoidan was administered as a drench. Nevertheless,
the need for further research to explore the potential efficacy of fucoidan as an antimicrobial
alternative is evident. Such research is critical as, despite the increasing body of work in this
area, studies have yet to consistently find suitable replacements for in-feed antimicrobials.
With the growing global bans on routine antimicrobial use in livestock, identifying effective
alternatives becomes even more critical. However, several challenges, including application
into production, as well as concerns regarding supply, cost, and toxicity, still need to be
overcome before uptake into the industry [50-53].

5. Conclusions

Piglets treated with a preweaning purified fucoidan drench exhibited comparable post-
weaning growth, immune responses, and intestinal morphology to those that received an
antimicrobial drench and control-treated animals. These comparable responses were likely
attributed to the high health status of the experimental cohort. Further research is needed
to explore the potential of purified fucoidan in challenge models reflecting commercial
production systems. Moreover, additional research is required to establish the optimal
drenching protocol to maximize the potential of a preweaning purified fucoidan drench
to promote the health and productivity of weaning piglets and, ultimately, reduce the
industry’s reliance on antimicrobials.
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