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The effect of dietary laminarin and fucoidan in the diet of the
weanling piglet on performance, selected faecal microbial
populations and volatile fatty acid concentrations
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A 2 3 2 factorial experiment (n 5 12 replicates per treatment, 4 pigs per replicate) was performed to investigate the effects
of seaweed extracts, laminarin (derived ß-glucans) and fucoidan (sulphated polysaccharides), independently or in combination
on post-weaning piglet performance and selected microbial populations. At weaning, the piglets (24 days of age, 6.4 kg live
weight) were assigned to one of the four dietary treatments: (T1) basal diet, (T2) basal diet with 300 p.p.m. laminarin, (T3)
basal diet with 240 p.p.m. fucoidan, (T4) basal diet with 300 p.p.m. laminarin and 240 p.p.m. fucoidan. Pigs offered diets
supplemented with laminarin had an increased daily gain ( P , 0.01), and gain-to-feed ratio ( P , 0.05) compared to pigs
offered diets without laminarin supplementation during the experimental period (days 0 to 21). Pigs offered laminarin-
supplemented diets had an increased faecal dry matter and reduced diarrhoea ( P , 0.05) during the critical 7 to 14 day
period. Pigs offered diets containing laminarin had reduced faecal Escherichia coli populations. There was a significant
interaction ( P , 0.01) on faecal Lactobacilli populations between laminarin and fucoidan. Pigs offered the fucoidan diet had
an increased Lactobacilli population compared to pigs offered the basal diet. However, there was no effect of fucoidan on
faecal Lactobacilli populations when laminarin was added. Overall, the reduction in E. coli population and the increase in
daily gain suggest that laminarin may provide a dietary means to improve gut health after weaning.
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Implications

Our results indicate that the inclusion of a laminar-
in–fucoidan extract from Laminaria spp. in piglet diets may
alleviate some of the common problems that occur after
weaning in the absence of in-feed antibiotics. It was
observed that a combination of laminarin and fucoidan
were more effective in terms of reducing post-weaning
diarrhoea; meanwhile, laminarin was found to reduce faecal
Escherichia coli population and to increase daily gain and
gain-to-feed ratio, and thereby would provide a dietary
means to improve gut health after weaning.

Introduction

Pigs are faced with many new challenges during the post-
weaning period such as a change in diet, removal from the
sow and other littermates and a new environment (Pluske

et al., 1997). These stressors can lead to an intestinal
imbalance between beneficial and non-beneficial microflora
(Estrada et al., 2000), which has been associated with
reduced growth rates, changes in gut morphology and
microbial population, and with increased susceptibility to
disease such as post-weaning diarrhoea (Estrada et al.,
2000; Drew et al., 2002). Since the introduction of ban
on in-feed antibiotics, there is an urgent need to identify
reliable alternatives to reduce stress-associated problems
in newly weaned pigs. Recently, seaweeds and seaweed
extracts have been investigated as a potential feed additive
in pig diets due to antimicrobial and immunomodulatory
properties (Gardiner et al., 2008; Reilly et al., 2008; Gahan
et al., 2009). Seaweed extracts are a potential source of
soluble dietary fibres such as laminarins and fucoidans
(Michel et al., 1996)

The chemical structure of laminarin consists mainly of a
linear b (1-3) – linked glucose units with some random
b (1-6) – linked side chains depending on the variety of
seaweed (Brown and Gordon, 2005). Recently, Lynch et al.- E-mail: john.vodoherty@ucd.ie
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(2009) has shown that laminarin has antimicrobial properties.
Fucoidans are sulphated polysaccharides extracted from the
cell wall of various species of brown seaweeds (Berteau and
Mulloy, 2003). Fucoidans have been shown to have anti-
tumour (Zhuang et al., 1995), antiviral (Lee et al., 2004) and
antibacterial (McClure et al., 1992) properties. Overall, lami-
narin and fucoidan may offer a dietary means to modulate the
gut environment and/or modulate immunity, thereby reducing
the risk of diarrhoea and promoting productivity in the
absence of in-feed antibiotics. Recently, Reilly et al. (2008)
showed that the inclusion of a combination of laminarin and
fucoidan had an inhibitory effect on the Enterobacteria
population within the caecum and colon of weaned pigs.
Similarly, Dillon et al. (2009) showed that the inclusion of a
combination of laminarin and fucoidan extract increased daily
gain and gain-to-feed ratio of post-weaned piglets mainly
through increasing nutrient digestibility and decreasing
Escherichia coli population in the gut. Furthermore, the work
carried out by Gahan et al. (2009) showed that a combination
of laminarin and fucoidan could replace the need for a high
concentration of dietary lactose without adversely affecting
piglet performance in antibiotic-free diets. The inclusion of
high levels of lactose in weaned pig diets has resulted in
improved intestinal health mainly through a reduction in
intestinal pH and increases in Lactobacilli and short-chain fatty
acids and reductions in coliforms (Pierce et al., 2006). The
objective of the current experiment is to investigate the effect
of inclusion of laminarin and fucoidan as sources of algal
polysaccharides, independently or in combination in the diet of
the newly weaned pig on performance, faecal population of
selected microflora and faecal volatile fatty acid (VFA) con-
centrations. It is hypothesised that the inclusion of both
laminarin and fucoidan will improve piglet performance after
weaning due to the biological properties of laminarins and
fucoidans, resulting in an altered microflora in the gastro-
intestinal tract.

Material and methods

Animals and diets
The experiment was designed as a 2 3 2 factorial. One
hundred and ninety-two piglets (progeny of Large
White 3 (Large White 3 Landrace)) weaned at 24 days of
age, with an initial live weight of 6.4 kg (s.d. 5 0.785 kg),
were used in the experiment. The piglets were blocked on
the basis of initial live weight, and within each block were
assigned to one of the four dietary treatments. The dietary
treatments consisted of (T1) basal diet, (T2) basal diet with
300 p.p.m. of laminarin, (T3) basal diet with 240 p.p.m. of
fucoidan, (T4) basal diet with 300 p.p.m. of laminarin and
240 p.p.m. of fucoidan. These concentrations were deemed
optimum inclusion levels in terms of maximum growth rate
for seaweed extracts based on the work of Reilly et al.
(2008) and Gahan et al. (2009). The diets were offered as
mesh form for 21 days after weaning. Diets were for-
mulated to have identical concentrations of digestible

energy (DE; 16 MJ/kg) and ileal digestible lysine (14 g/kg).
All amino-acid requirements were met relative to digestible
lysine (Close, 1994). The laminarin and fucoidan were
derived from Laminaria spp. and sourced from Bioatlantis
Ltd (Kerry Technology Park, Tralee Co. Kerry, Ireland). The
ingredient composition and chemical analysis of the dietary
treatments are presented in Table 1.

Management
Pigs were housed in groups of four (12 replicates per
treatment) on fully slatted pens (1.68 m 3 1.22 m). House
temperature was maintained at 308C in the first week after
weaning and then reduced by 28C per week. Pigs were
weighed at the beginning of the experiment (day of
weaning 5 day 0), days 7, 14 and 21. The pigs were fed

Table 1 Composition and chemical analysis of experimental diets
(as fed)

Treatment T1 T2 T3 T4

Composition (g/kg), unless otherwise stated
Laminaran (mg/kg) 0 300 0 300
Fucoidan (mg/kg) 0 0 360 360
Whey permeate- 125 125 125 125
Wheat 444.2 444.2 444.2 444.2
Soyabean meal 142.5 142.5 142.5 142.5
Whey protein isolate 130 130 130 130
Full-fat soyabean 80 80 80 80
Soya oil 65 65 65 65
Vitamins and minerals 5 5 5 5
Lysine HCL 4.5 4.5 4.5 4.5
DL-methionine 1.6 1.6 1.6 1.6
L-threonine 2.2 2.2 2.2 2.2

Analysis (g/kg)
DM 892.5 879.3 883.7 874.8
CP (N 3 6.25) 224.2 223.5 223.6 226.3
Gross energy (MJ/kg) 18.2 17.7 17.9 17.6
Ash 43.7 44.9 45.4 45.0
Neutral-detergent fibre 110.3 108.6 110.1 122.8
Lysine-

-

14.0 14.0 14.0 14.0
Methionine and cysteine-

-

7.7 7.7 7.7 7.7
Threonine-

-

9.1 9.1 9.1 9.1
Tryptophan-

-

2.5 2.5 2.5 2.5
Calcium-

-

8.0 8.0 8.0 8.0
Phosphorous-

-

6.0 6.0 6.0 6.0
Laminarin 0 298 0 302
Fucoidan 0 0 239 241

T1 5 basal diet; T2 5 basal diet with 300 p.p.m. laminarin; T3 5 basal diet
with 240 p.p.m. fucoidan; T4 5 basal diet with 300 p.p.m; DM 5 dry matter.
Provided (mg/kg completed diet): Cu 175, Fe 140, Mn 47, Zn 120, I 0.6, Se
0.3, retinol 1.8, cholecalciferol 0.025, a-tocopherol 67, phytylmenaquinone
4, cyanocobalamin 0.01, riboflavin 2, nicotinic acid 12, pantothenic acid 10,
choline chloride 250, thiamine 2 and pyridoxine 0.015. Chromium III oxide
included at 150 mg/kg complete diet.
-Lactofeed 70: Volac international Ltd, Orwel, Royston, SG8 5QX, UK. The
chemical analysis is as follows (g/kg, unless otherwise stated): DM 955, CP
125, oil 50, ash 90, fibre 10, gross energy content of 15.5 MJ/kg and a pH
of 6.5 to 7.
-

-

Calculated from the tabulated nutritional composition (Sauvant et al.,
2004).
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ad libitum from a four-space feeder with trays placed
underneath the feeders in order to avoid wastage of feed.
Water was available ad libitum from nipple drinkers. Food
was available up to weighing, then weighed back for the
purpose of calculating feed intake.

Representative feed samples of each dietary treatment
were taken at regular intervals throughout the experiment.
Multiple fresh faecal samples were collected daily from all
pens on days 10 to 15 and mixed with sodium benzoate
and phenylmethylsulfonyl fluoride, in order to stop any
bacterial activity and minimise the effects of post-thawing
fermentation on resulting VFAs. The samples were then
stored at 2208C for the VFA analysis. Multiple fresh faecal
samples were collected from all pens on day 10 and stored
in sterile containers (Sarstedt, Wexford, Ireland) on dry ice
and transported to the laboratory within 3 h for the enu-
meration of E. coli and Lactobacilli according to the method
described by O’Connell et al. (2005). Multiple fresh faecal
samples were taken on day 17 for pH determination. All pH
measurements were carried out immediately after collection
on an MP 220 pH metre (Mettler-Toledo S.P.A., Milano,
Italy), which was standardised with certified pH 4 and 7
buffer solutions. Distilled water was added to each sample
in a ratio of 1 : 1 to enable their pH to be read.

Faeces scoring and morbidity
Pigs were observed for clinical signs of diarrhoea from days
0 to 21 of the experiment, and a scoring system (Pierce
et al., 2005) was applied to indicate its presence and
severity. Faeces scoring began on day 0 on the experimental
diets and continued until day 21. Scores were given daily
for individual pens and the average faecal score value per
pen was given. The following scoring system was used:
1 5 hard firm faeces; 2 5 slightly soft faeces; 3 5 soft;
partially formed faeces; 4 5 loose, semi-liquid faeces (mild
diarrhoea); and 5 5 watery, mucous-like faeces (severe
diarrhoea).

Laboratory analysis
The feed samples were milled through a 1-mm screen
(Christy and Norris hammer mill, Ipswich, UK). The dry
matter (DM) of the feed was determined after drying at
1038C for a minimum of 16 h. Ash was determined after
ignition of a known weight of concentrates in a muffle
furnace (Nabertherm, Bremen, Germany) at 5008C for 4 h.
Crude protein (CP) content was determined as Kjeldahl
N 3 6.25 using the LECO FP 528 instrument (Leco instru-
ments, UK Ltd, Cheshire, UK). The NDF was determined
according to Van Soest et al. (1991). The gross energy of
the feed was determined using a Parr 1201 oxygen bomb
calorimeter (Parr, Moline, IL, USA). The laminarin content in
the diet was determined using a Megazyme assay kit
(Megazyme, Bray, Ireland). Fucoidan level in the diet was
measured according to the method of Usov et al. (2001).
Thawed faecal samples were analysed for VFA concentra-
tion and profile using the method of O’Connell et al. (2006).

Microbiology
A 1.0-g sample was removed from the faecal sample,
serially diluted (1 : 10) in 9.0 ml aliquots of maximum
recovery diluent (Oxoid, Basingstoke, UK), and spread
plated (0.1 ml aliquots) onto selective agars as follows.
Lactobacillus spp. were isolated on de Man, Rogosa, Sharp
agar (Oxoid) with overnight (18 to 24 h) incubation at
378C in a 5% CO2 environment, as recommended by the
manufacturers (Oxoid). The API 50 CHL (BioMerieux,
Montpellier, France) kit was used to confirm suspect Lac-
tobacilli spp. E. coli species were isolated on MacConkey
agar (Oxoid), following aerobic incubation at 378C for 18 to
24 h. Suspect colonies were confirmed with API 20E (Bio-
Merieux). Typical colonies of each bacteria on each agar
were counted, and the numbers of bacteria were expressed
as log colony-forming units (CFUs) per gram of fresh faeces.

Statistical analysis
The experimental data were analysed as a 2 3 2 factorial
using the general linear model procedure of the Statistical
Analysis System Institute (SAS, 1985). The statistical model
used included the main effects of laminarin and fucoidan
and the associated interaction between laminarin and
fucoidan. The individual pen represented the experimental
unit. The performance data were adjusted for initial live
weight by covariance analysis. All the data were checked
initially for normality using the PROC univariate procedure
in SAS (1985). The microbial counts were log transformed
before statistical analysis. The probability level that denotes
significance is P , 0.05. The data in the tables are presented
as least square means 6 s.e.m.

Results

Performance
The effects of laminarin and fucoidan supplementation on
average daily gain (ADG), average daily feed intake and
gain-to-feed ratio are presented in Table 2. Pigs fed lami-
narin-supplemented diets had an increased ADG (344 v.
266 g/day, s.e 6 15.6, P , 0.01) during days 7 to 14 and
during the entire experimental period (324 v. 232 g/day,
s.e. 6 8.0, P , 0.01) compared to pigs offered diets without
laminarin supplementation. Pig fed laminarin-supplemented
diets had an improved gain-to-feed ratio during days 7 to
14 (0.763 v. 0.569 kg/kg, s.e. 6 0.034, P , 0.01) and dur-
ing the entire experimental period (0.703 v. 0.646 kg/kg,
s.e. 6 0.016, P , 0.05) compared to pigs fed diets without
laminarin supplementation.

There was a significant interaction (P , 0.05) between
laminarin and fucoidan supplementation on ADG during
days 14 to 21. Pigs offered the fucoidan diet had a sig-
nificantly higher ADG than pigs offered the basal diet;
however, there was no effect of fucoidan when added to a
laminarin diet. There was no effect of laminarin or fucoidan
inclusion on average daily feed intake.

Laminarin and fucoidan in piglet diets
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Faecal pH, DM and faecal score
The effects of laminarin and fucoidan supplementation on
faecal DM, faecal pH and faecal score are presented in
Table 3. Pigs offered diets supplemented with laminarin had
an increased (P , 0.05) faecal DM content (286.4 v.
262.4 g/kg, s.e. 6 7.20) compared to pigs fed diets without
laminarin supplementation. Pigs offered diets supple-
mented with laminarin had a decreased faecal score during
days 7 to 14 (P , 0.05; 2.05 v. 2.57 s.e. 6 0.139) compared
to pigs offered diet without laminarin supplementation.

There was a significant interaction between laminarin
and fucoidan inclusion on faecal score during the entire

experimental period (days 0 to 21; P , 0.05). Pigs offered
the combination of laminarin and fucoidan had a reduced
faecal score compared to pigs offered the fucoidan alone
diet. However, there was no effect of laminarin inclusion on
faecal score compared to the basal diet.

Microbiology and VFAs
The effects of laminarin and fucoidan supplementation on
selected microbial populations, total VFA concentrations
and molar proportions of VFAs are presented in Table 4.
Pigs offered laminarin diets had a reduced (P , 0.05) faecal

Table 2 The effect of seaweed extract on pig performance after weaning (LSD 6 s.e.d.)

Significance

Treatment T1 T2 T3 T4 s.e.d. Laminarin Fucoidan Laminarin 3 fucoidan

Laminarin 2 1 2 1

Fucoidan 2 2 1 1

Number of pens 12 12 12 12
Daily gain (g/day)

Days 0 to 7 181 178 166 185 35.3 ns ns ns
Days 7 to 14 268 320 265 368 31.1 ** ns ns
Days 14 to 21 418 459 475 430 22.6 ns ns *
Days 0 to 21 288 319 302 328 16.9 * ns ns

Food intake (g/day)
days 0 to 7 256 263 253 257 28.3 ns ns ns
Days 7 to 14 449 464 477 457 38.2 ns ns ns
Days 14 to 21 604 686 673 619 33.9 ns ns ns
Days 0 to 21 436 471 467 444 24.0 ns ns ns

Gain-to-feed ratio (kg/kg)
Days 0 to 7 0.666 0.646 0.646 0.679 0.078 ns ns ns
Days 7 to 14 0.579 0.707 0.561 0.818 0.069 *** ns ns
Days 14 to 21 0.716 0.673 0.708 0.697 0.055 ns ns ns
Days 0 to 21 0.654 0.675 0.638 0.732 0.339 * ns ns

LSD 5 least significant difference; s.e.d. 5 standard error of the difference; T1 5 basal diet; T2 5 basal diet with 300 p.p.m. laminarin; T3 5 basal diet with
240 p.p.m. fucoidan; T4 5 basal diet with 300 p.p.m; ns 5 not significant.
*P , 0.05; **P , 0.01; ***P , 0.001.

Table 3 The effects of dietary treatment on faecal dry matter, faecal score of experimental diets (LSD 6 s.e.d.)

Significance

Treatment T1 T2 T3 T4 s.e.d. Laminarin Fucoidan Laminarin 3 fucoidan

Laminarin 2 1 2 1

Fucoidan 2 2 1 1

Number of pens 12 12 12 12
Faecal DM (g/kg) 272.8 290.1 252.2 282.8 14.42 * ns ns
Faecal pH 6.42 6.25 6.19 6.31 0.154 ns ns ns
Faecal score-

Days 0 to 7 2.45 2.61 2.49 2.07 0.211 ns ns ns
Days 7 to 14 2.62 2.22 2.53 1.88 0.278 * ns ns
Days 14 to 21 1.58 1.93 1.77 1.62 0.168 ns ns ns
Days 0 to 21 2.22 2.25 2.26 1.85 0.155 ns ns *

LSD 5 least significant difference; s.e.d. 5 standard error of the difference; T1 5 basal diet; T2 5 basal diet with 300 p.p.m. laminarin; T3 5 basal diet with
240 p.p.m. fucoidan; T4 5 basal diet with 300 p.p.m; ns 5 not significant; DM 5 dry matter.
*P , 0.05.
-1 5 hard faeces; 2 5 slightly soft faeces; 3 5 soft, partially formed faeces; 4 5 loose, semi-liquid faeces; and 5 5 watery, mucous-like faeces.
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E. coli population compared to pigs offered diets without
laminarin supplementation (7.22 v. 7.84 Log10 CFU/g,
s.e. 6 0.153).

There was a significant interaction (P , 0.01) between
laminarin and fucoidan on faecal Lactobacilli populations.
Pigs offered the fucoidan diet had increased Lactobacilli
numbers compared to pigs offered the basal diet (9.22 v.
8.93 Log10 CFU/g, s.e. 6 0.076); however, there was no
effect of fucoidan on faecal Lactobacilli populations when
laminarin was added.

There was no significant effect of treatment on total
faecal VFA concentration or on the molar proportions of
faecal VFAs.

Discussion

Earlier works at this laboratory (Dillon et al., 2009; Gahan
et al. 2009) have shown the benefits of using a combination
of laminarin and fucoidan on performance of weaner pigs.
The improved performance concomitantly occurred with
increased total tract nutrient digestibility and decreased
faecal E. coli population (Dillon et al., 2009). The objective
of the current experiment was to investigate the effect of
inclusion of laminarin and fucoidan as sources of algal
polysaccharides, independently or in combination in the diet
of the newly weaned pig on performance, faecal popula-
tions of selected microflora and VFA concentrations. The
diets used in the current experiment were formulated to
create the greatest nutritional challenge possible to the
post-weaned pig in the absence of in-feed antibiotics. These
diets contained a high CP level, high level of soyabean meal
and low level of lactose. High level of dietary CP has
been suggested to predispose the pig to post-weaning
colibacillosis (Prohaszka and Baron, 1980) due to the high

acid-binding capacity in the stomach, which allows E. coli
to escape the less acidic environment of the stomach and
colonise the small intestine. Manipulation of dietary protein
supply, in order to increase protein availability to ETEC in
the distal small intestine, and the consequent production of
harmful fermentation by-products, such as amines, is one
way in which this could be achieved (Prohaszka and Baron,
1980).

Soyabean protein is not included in large quantities in
weanling’s diets. It has been proposed that many of the
morphological changes that take place in the young pig’s
gut after weaning are due to a transient hypersensivity to
antigenic components present in the diet (Miller et al.,
1984); soya antigens are particularly implicated (O’Doherty
et al., 2004). The composition of the carbohydrate fraction
and the possibility of antinutritional factors (Huisman and
Tolman, 1992) are two more motivations for restricting
the amount of soyabean meal in diets for young piglets.
Pierce et al. (2006) found that the inclusion of high levels of
lactose in weaned pig diets resulted in improved intestinal
health mainly through a reduction in intestinal pH and
increases in Lactobacilli and short-chain fatty acids and
reductions in coliforms.

Pig offered the laminarin-supplemented diets increased
ADG and gain-to-feed ratio compared to pigs offered diets
without laminarin suppementation. This positive response
to laminarin maybe due to the reduced E. coli population in
the gut of these pigs. Although many species of E. coli are
commensal, high levels of specific E. coli (like ETEC) will
increase the risk of disease. The diets supplemented with
laminarin resulted in pigs having a reduced faecal E. coli
population, which resulted in reduced faecal DM and less
diarrhoea (lower faecal score) during days 7 to 14, com-
pared to pigs offered diets containing no laminarin. Similar
results were reported by Lynch et al. (2009). These authors

Table 4 The effect of dietary treatment on faecal Lactobacilli and Escherichia coli populations and faecal molar proportions of volatile fatty acids
(LSD 6 s.e.d.)

Significance

Treatment T1 T2 T3 T4 s.e.d. Laminarin Fucoidan Laminarin 3 fucoidan

Laminarin 2 1 2 1

Fucoidan 2 2 1 1

E. coli- 8.04 7.41 7.67 7.05 0.306 * ns ns
Lactobacilli- 8.93 9.18 9.22 9.06 0.107 ns ns **
Total VFA (mmol/kg DM) 517.1 463.9 515.8 390.4 57.6 ns ns ns
Molar proportions

Acetic acid 0.568 0.568 0.590 0.588 0.0197 ns ns ns
Propionic acid 0.210 0.209 0.288 0.219 0.0098 ns ns ns
Isobutyric acid 0.018 0.021 0.018 0.022 0.0014 ns ns ns
Butyric acid 0.144 0.135 0.152 0.123 0.0155 ns ns ns
Isovaleric acid 0.034 0.038 0.034 0.043 0.0028 ns ns ns
Valeric acid 0.037 0.040 0.038 0.038 0.0042 ns ns ns

LSD 5 least significant difference; s.e.d. 5 standard error of the difference; T1 5 basal diet; T2 5 basal diet with 300 p.p.m. laminarin; T3 5 basal diet with
240 p.p.m. fucoidan; T4 5 basal diet with 300 p.p.m; ns 5 not significant; DM 5 dry matter.
*P , 0.05; **P , 0.01.
-Log transformed.

Laminarin and fucoidan in piglet diets

583



found that the inclusion of laminarin in the diet resulted in a
reduced Enterobacteria population in the gut of the pig.
Similarly, Kogan and Kocher (2007) showed how b-glucans
from a specific yeast cell wall supplied in feed are able to
block fimbriae of pathogenic bacteria, and prevent their
adhesion to the mucous epithelium; adhesion is the first
step of microbial infection. Rice et al. (2006) reported that
once laminarin is ingested, it is transported from the gas-
trointestinal tract to the circulation system, which produce
significant immunomodulatory effects and increase survival
rates in mice challenged with Staphylococcus aureus or
Candida albicans. The glucans are bound by gastrointestinal
epithelial and gut-associated lymphoid tissue (GALT) cells,
and they modulate the expression of pattern recognition
receptors in the GALT, increase interleukin-12 (IL-12) expres-
sion and induce protection against infectious challenge
(Rice et al., 2006).

The proliferation of Lactobacilli spp. in the fucoidan
supplemented diets would suggest that a proportion of
the supplemented fucoidan was escaping hydrolysis in the
foregut and passing into the colon for bacterial fermenta-
tion. Saccharolytic species of bacteria, such as Lactobacilli
spp., take part in the breakdown of complex carbohydrates
(Salyers, 1979). Fucoidan is soluble in water making it a
rapidly fermentable carbohydrate source (Rupérez et al.,
2002), and Lactobacillus spp. have been reported to fer-
ment a number of monosaccharides including L-fucose
(Salyers et al., 1977). In agreement with this study, Lynch
et al., (2009) found that the concentration of Lactobacillus
spp. in the colon increased with the inclusion of fucoidan.
Despite the increase in the Lactobacilli population, there
was no dietary effect on VFA concentration or profiles. The
quantity of VFA produced in the large intestine depends on
the amount and composition of the substrate and on the
microflora present (MacFarlane and MacFarlane, 2003).
Faecal VFA concentrations are the outcome of production,
absorption and degradation within the gut. Faecal VFA
concentrations may not be a totally accurate way to show
fermentation intensity in the large intestine. However, the
faecal VFA concentrations found in this study are consistent
with those found in the literature (Lynch et al., 2007; Pierce
et al., 2007).

Despite the increase in the faecal Lactobacilli population,
there was no positive effect of fucoidan on pig performance
or diarrhoea score. It was observed from the results of
the current experiment that fucoidan did not affect piglet’s
performance and health when offered in the diet alone, but
the addition of laminarin with its antimicrobial properties
proved to be effective. In the current experimental condi-
tions, feed additives that contained antibacterial properties
were more effective to the pig in dealing with the stresses
associated with weaning than feed additives that display
‘prebiotic’ properties.

The diet supplemented both fucoidan and laminarin was
most effective at reducing post-weaning diarrhoea throughout
the duration of the experiment. This could be attributed to
a number of reasons. First, it could be due to an immune

response from feeding the combination diets. Earlier work
by Reilly et al. (2008) showed that the inclusion of a
laminarin and fucoidan extract similar to the one used in
the current experiment increased the expression of IL-8
mRNA. IL-8 is a chemokine that is involved in the recruit-
ment and activation of neutrophils from the blood to the
site of infection. Second, there was a numerical decrease
(P 5 0.079) in faecal E. coli numbers with the combination
treatment. Pigs that express the symptoms of diarrhoea
harbour massive numbers of haemolytic E. coli (Smith and
Jones, 1963); therefore, a reduction in the numbers of E. coli
present in the gut would reduce the severity of diarrhoea
and ultimately reduce piglet morbidity after weaning.

Conclusions

Overall, the reduction in faecal E. coli population and the
increase in daily gain and gain-to-feed ratio suggest that
laminarin may provide a dietary means to improve gut
health after weaning. However, a combination of laminarin
and fucoidan is more effective in terms of reducing post-
weaning diarrhoea.
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Montbrió del Camp, Costa Daurada, Spain, 20–22 May 2009, abstract 5.30,
p. 151.

Drew MD, Van Kessel AG, Estrada AE, Ekpe ED and Zijlstra RT 2002. Effect of
dietary cereal on intestinal bacterial populations in weaned pigs. Canadian
Journal of Animal Science 82, 607–609.

Estrada A, Drew MD and Van Kessel A 2000. Effect of the dietary
supplementation of fructooligosaccharides and Bifidobacterium longum to
early-weaned pigs on performance and fecal bacterial populations. Canadian
Journal of Animal Science 81, 141–148.

Gahan DA, Lynch MB, Callan JJ, Julka A and O’Doherty JV 2009. Performance
of weanling piglets offered low, medium or high lactose diets supplemented
with a seaweed extract from Laminaria Hyperborea. Animal 3, 24–31.

Gardiner GE, Campbell AJ, O’Doherty JV, Pierce E, Lynch PB, Leonard FC,
Stanton C, Ross RP and Lawlor PG 2008. Effect of Ascophyllum nodosum
extract on growth performance, digestibility, carcass characteristics and
selected intestinal microflora populations of grower-finisher pigs. Animal Feed
Science and Technology 141, 259–273.

Huisman J and Tolman GH 1992. Antinutritional factors in plant proteins
of diets for non ruminants. In Recent advances in animal nutrition (ed.
PC Garnsworthy, W Haresign and DJA Cole), pp. 3–31. Butterworth-Heinemann
Ltd, Oxford.

Kogan G and Kocher A 2007. Role of yeast cell wall polysaccharides in pig
nutrition and health protection. Livestock Science 10th International
Symposium on Digestive Physiology in Pigs, Denmark 2006, Part 2, 109,
pp. 161–165.

McDonnell, Figat and O’Doherty

584



Lee JB, Hayashi K, Hashimoto M, Nakano T and Hayashi T 2004. Novel antiviral
fucoidan from sporophyll of Undaria pinnatifida (Mekabu). Chemical and
Pharmaceutical Bulletin 52, 1091–1094.

Lynch MB, Callan JJ and O’Doherty JV 2007. The interaction between lactose
level and enzyme supplementation and form of barley processing on
performance, digestibility and faecal volatile fatty acid concentration of
weanling pigs fed barley based diets. Animal Feed Science and Technology
140, 349–364.

Lynch MB, Sweeney T, Callan JJ, O’Sullivan JT and O’Doherty JV 2009. The
effect of laminaria hyperborea derived laminarin and fucoidan on nutrient
digestibility, nitrogen utilisation, intestinal microflora and volatile fatty acid
concentrations in pigs. 11th International Symposium on Digestive Physiology
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