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Dietary Laminaria japonica Polysaccharide Regulates Systemic
Defence Property of Weaned Piglets Improving Growth
Performance under High Temperature Condition
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ABSTRACT
Background: This study was conducted to evaluate the effect of dietary LJP supplementation on growth performance, heat stress
resistance and immune status of weaned piglets raised in a high-temperature environment (34 ± 3C).
Methods: A total of 72 Barkshire × Licha Black crossbred piglets were weaned at 30 days of age (BW, 5.88 ± 0.16 kg) and fed either
without or with 100, 200 or 400 mg/kg LJP in a completely randomized design, with 3 pens per diet (6 pigs per pen). On day 21, a total
of 12 piglets were selected to collect blood samples.
Result: The results showed that 200 and 400 mg/kg LJP supplementation decreased the feed conversion ratio (FCR) of piglets
compared to the control group (P=0.037) and dietary LJP linearly increased average daily gain and decreased FCR of piglets (P=0.037
and 0.011, respectively). In addition, adding 100, 200 and 400 mg/kg LJP reduced the serum HSP70 content compared to the control
group (P=0.019) and dietary LJP linearly and quadratically decreased the serum HSP70 content of piglets (P=0.030 and 0.011,
respectively). Moreover, supplementation of 200 mg/kg and 400 mg/kg LJP increased the serum (NO) and nitric oxide acid phosphatase
(ACP) content compared to the control group (P=0.019; P=0.003) and dietary LJP linearly increased the serum lysozyme, NO and
ACP contents (P=0.039; P=0.005; P=0.001). In conclusion, dietary LJP has potential to regulate systemic defence property of weaned
piglets raised in a high temperature condition, accompanied by increased growth performance.
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INTRODUCTION
High temperature environment has a great negative impact
on the growth performance of piglets, which reduces the
intake and daily gain of piglets, reduces immunity, causes
diarrhoea and even death (Johnson and Lay, 2017). The
highest temperature in the summer period can exceed 40C
in the south of China, in where piglets would undergo a long-
term acute or chronic heat stress and negatively influence
the growth and health status of piglets.

Laminaria japonica is a large-scale economic brown
alga with both edible and medicinal functions and is one of
the main algae breeds in China. Laminaria japonica enrich
in many vitamins, trace elements and growth promoting
factors. Laminaria japonica polysaccharides (LJP) are a kind
of natural bio-macromolecule substances existing
intercellular and intracellular cells of Laminaria japonica
(Zvyagintseva et al., 2005). Previous studies demonstrated
that LJP exhibited a wide range of pharmacological
properties, such as anti-oxidant, anti-inflammation, anti-
virus, antithrombotic and anti-cancer (Fang et al., 2015; Lu
et al., 2013; Vishchuk et al., 2011; Yue et al., 2017). In
addition, previous studies reported that the inclusion of the
laminaria or seaweed extract derived from Laminaria spp.
could play a positive role in weaned piglets through
increasing growth performance (Mcdonnell et al., 2010;
O’Doherty, et al., 2010) and scavenging hydroxyl radical and
superoxide anion radical (Zhang et al., 2003).

In recent years, the application of LJP in breeding
industry has been explored, while the effect of LJP on
physiological function of weaned piglets under high
temperature environment is rarely reported. Thus, the
present study was designed to investigate the effect of
dietary supplementation of LJP on growth performance, heat
stress resistance and immune status of weaned piglets
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raised in a high temperature condition. In addition, the optimal
supplementation level of LJP in the diet of piglets was
evaluated, which may serve as a base for further studies.

MATERIALS AND METHODS
All the experimental procedures have been approved by the
Animal Care and use Committee of the Jiangxi Science and
Technology Normal University.

Experimental design and animal management
The study was carried out during summer period at a local
commercial swine farm in Nanchang, China. A total of 72
healthy weaned crossbred barrows (Barkshire × Licha
Black), with similar initial body weight (BW, 5.88 ± 0.16 kg)
and age (30 ± 1 days), were randomly allocated to 4
treatments, with 3 replicated pens per treatment and 6 piglets
per pen. All piglets were raised in the barn with high
temperature (34 ± 4C) and humidity (70 ± 5%) during the
summer period (From July to August) in the south of China
for a 21-days period. The dietary groups were: control group
fed a basal diet without additive and LJP groups fed with
100, 200 or 400 mg/kg of LJP. The LJP product contained
80% fucoidan, which was purchased from Xi’an Zhen Lu
Biotechnology Limited Company (Xi’an, Shanxi, China).
Each 1.50 × 1.50 m2 pen was equipped with a feeder and a
water nipple to allow ad libitum consumption of feed and
water. The basal diet was a typical corn-soybean diet
formulated to meet the requirements of weaned piglets
(NRC, 2012). Compositions of basal diet and nutrition level
are presented in Table 1. The diet for the piglets was
manufactured 1 week before the start of the trial without the
inclusion of any antibiotic growth promoters.

Experimental observations and measurements
At the beginning (day 0) and end of the experiment (day 21),
the body weight (BW) piglet was individually measured. The
feed consumption was recorded daily. On day 21, average
daily gain (ADG), average daily feed intake (ADFI) and feed
conversion ratio (FCR) of piglets were calculated.

At the end of the experiment, 1 piglet per pen was
randomly selected. Blood samples were taken from the
jugular vein and were immediately centrifuged at 3000 r/
min for 10 min at 4C to separate the serum. Then, the serum
samples were stored at -20C until analysis. The contents
of malondialdehyde (MDA) and heat shock protein 70
(HSP70) and the activities of glutathione peroxidase (GSH-
PX) and superoxide dismutase (SOD) in the serum were
determined spectrophotometrically using the commercial
assay kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). The activities of acid phosphatase (ACP),
alkaline phosphatase (AKP) and the contents of lysozyme
(LZM) and nitric oxide (NO) in the serum were determined
spectrophotometrically with the commercial assay kits
according to the manufacturer instructions (Nanj ing
Jiancheng Bioengineering Institute, Nanjing, China).

Statistical analysis
All the experimental data were analysed by one-way ANOVA
using the GLM procedure of SPSS software (SPSS 24.0
version, SPSS Inc., Chicago, IL, USA). The model included
the treatment effect and the pen represented the
experimental unit for growth performance, while the
individual piglet was the experimental unit for serum indices.
The treatment comparisons were performed using Tukey’s
honestly significant difference test for multiple testing. Linear
and quadratic contrasts of the LJP effects were also
computed. Data with P<0.05 were considered to be
significant, while those in the P=0.05-0.10 range were
considered tendencies.

RESULTS AND DISCUSSION
Growth performance
The effect of LJP on the growth performance of weaned
piglets is presented in Table 2. Ferreira (2005) suggested
that the upper critical temperature for piglets between 28
and 35 days of age is 30C. In the current study, the average
temperature in the barn was 34C that could induce
decreased feed intake and weight gain of piglets as
demonstrated by Dos Santos Cerqueira et al. (2019). Our
results showed that dietary LJP did not significantly affect

Table 1: Composition and nutrient levels of the basal diet (as fed basis).

Items Content, %

Ingredients
Expanded corn 57.50
Expanded soybean 12.00
Soybean meal 8.00
Whey powder 8.00
Lactose 8.00
Fish meal 3.00
Limestone 0.70
Calcium hydrogen phosphate 1.50
Salt 0.30
Premix1 1.00
Analysed composition
CP, % 20.50
Ca, % 0.94
Total P, % 0.75
Calculated composition
ME, MJ/kg 14.30
Lys, % 1.45
Met, % 0.45
1The premix provides the following per kilogram of diet: VA l5 000
U, VD3 2000 U, VE 30.00 IU, VK 3.75 mg, VB1 2.50 mg, VB2 7.00 mg,
VB6 2.4 mg, VB12 0.03 mg, nicotinic acid 40.00 mg, calcium
pantothenate 25.00 mg, Folic acid 25.00mg, biotin 0.25 mg, choline
chloride 600 mg, Cu 20 mg, Fe l20mg, Zn l60 mg, Mn 100 mg, I
0.54 mg, Se 0.27 mg.
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the BW and ADFI of weaned piglets (P>0.05). However,
supplementation with 200 mg/kg LJP tended to increase
the ADG and decreased the FCR of piglets (Contrast,
P=0.100 and 0.058, respectively) and dietary LJP at 400
mg/kg significantly decreased the FCR (Contrast, P=0.046)
compared to the control group. In addition, supplementation
of LJP linearly increased ADG (P=0.037) and linearly
decreased the FCR (P=0.011) of piglets. Similarly, previous
studies reported that the inclusion of the laminaria or
seaweed extract derived from Laminaria spp. could increase
growth performance of weaned piglets (McDonnell et al.,
2010; O’Doherty et al., 2010). In the present study, the
potential improvement in growth performance of the LJP
piglets may be due to a modulated health status under the
high temperature condition, as evidenced by the alleviated
response to heat stress and increased systemic non-specific
immune indices.
Antioxidant and heat stress indices
Effect of dietary LJP on the heat stress indices in the serum
of piglets is shown in Table 3. In this study, adding 100, 200
and 400 mg/kg LJP reduced the HSP 70 content in the serum

compared to the control group (Contrast, P=0.055, 0.018
and 0.062, respectively) and dietary LJP linearly and
quadratically decreased the content of HSP70 in the serum
of piglets (P=0.030 and 0.011, respectively). The expression
of HSP70 in the heat stress environment can maintain the
self-stability of cell proteins, improve the tolerance of cells
to stressors, maintain normal physiological functions and
thermal balance of cells and alleviate the stress damage
suffered by the body (Lee and Corry, 1998; Nakhjavani
et al., 2010). In the current study, our results demonstrated
that LJP could decrease the content of HSP70 in the serum
of piglets. Previous studies evidenced that the fucoidan
polysaccharide extracted from Laminaria japonica had the
scavenging effect on hydroxyl radical and superoxide anion
radical and antioxidant efficacy (Zhang et al. 2003). However,
the LJP supplementation did not significantly affect the MDA
content and the activities of GSH-PX and SOD in the serum
of piglets (P>0.10), suggesting that the effect of dietary LJP
on superoxide and hydrogen peroxide might be less acute
than on heat stress response protein under the high
temperature condition.

Table 2: Effect of Laminaria japonica polysaccharide (LJP) on growth performance of weaned piglets1

                           LJP, mg/kg  P-value

0 100 200 400
SEM

ANOVA Linear Quadratic

BW, kg
Day 0 5.86 5.90 5.92 5.84 0.099 0.955 0.862 0.613
Day 21 8.89 9.13 9.28 9.19 0.124 0.257 0.164 0.150
ADG, g/d 144b,y 154ab 160a 159ab,x 4.1 0.088 0.037 0.116
ADFI, g/d 201 210 214 212 5.2 0.419 0.227 0.263
FCR 1.40a 1.37ab 1.34b 1.33b 0.014 0.037 0.011 0.125
a,bMeans listed in the same row with different superscripts are significantly different (P0.10).
x,yMeans listed in the same row with different superscripts are tended to be different (0.10<P0.20).

Table 3: Effect of Laminaria japonica polysaccharide (LJP) on antioxidant and heat stress indices of weaned piglets.

                     LJP, mg/kg P-value

0 100 200 400
SEM

ANOVA Linear Quadratic

MDA, nmol/mL 3.34 3.40 3.47 3.24 0.326 0.981 0.851 0.734
GSH-PX, U/mL 352 359 377 371 13.4 0.721 0.403 0.546
SOD, U/mL 41.47 45.42 43.11 44.97 1.426 0.281 0.255 0.548
HSP70, ng/mL 4.55a 3.28b 2.95b 3.31b 0.278 0.019 0.030 0.011
a,b Means listed in the same row with different superscripts are significantly different (P0.10).

Table 4: Effect of Laminaria japonica polysaccharide (LJP) on serum nonspecific immune indices of weaned piglets.

                         LJP, mg/kg P-value

0 100 200 400
SEM

ANOVA Linear Quadratic

LZM, μg/mL 1.77y 2.60 2.77 3.42x 0.381 0.166 0.039 0.604
NO, μmol/L 139b,y 134b,y 182ab,x 197a 12.1 0.019 0.005 0.801
ACP, king unit/100 mL 9.60b 15.20b 27.57a 27.62a 2.252 0.003 0.001 0.052
AKP, king unit/100 mL 33.94 38.78 39.73 43.52 3.825 0.561 0.193 0.763

LZM = Lysozyme; NO = Nitric oxide; ACP = Acid phosphatase; AKP = Alkaline phosphatase.
a,bMeans listed in the same row with different superscripts are significantly different (P0.10).
x,yMeans listed in the same row with different superscripts are tended to be different (0.10<P0.20).
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Non-specific immune indices
Effect of dietary LJP on the non-specific immune indices in
the serum of piglets is shown in Table 4. NO is a feature of
genuine immune-system cells as well as other cells involved
in immune reactions (Bogdan, 2001). Lysozyme is an
important humoral component of the innate immune system,
which can attack the peptidoglycan layer in the cell wall of
Gram-positive and partial Gram-negative bacteria. Skouras
et al. (2003) reported that the plasma lysozyme activity was
impaired immediately under an environmental challenge.
In the present study, dietary LJP at levels of 400 mg/kg
increased NO production (Contrast, P=0.150 and 0.049,
respectively) and ACP activity (Contrast, P=0.006; P=0.006)
and supplementation with 400 mg/kg LJP tended to increase
the LZM content (Contrast, P=0.126) compared to the control
group. In addition, dietary LJP linearly increased the contents
of LZM (P=0.039) and NO (P=0.005) and ACP activity
(P=0.001) and quadratically increased ACP activity
(P=0.052) in the serum of piglets. The obtained
improvements are probably because LJP can bind to
gastrointestinal epithelial cells and gut associated
lymphocytes and downregulate the expression of intestinal
inflammatory cytokines (Walsh et al., 2012), thereby
enhancing the body’s ability to resist infectious diseases.

CONCLUSION
The obtained results in this preliminary study suggested that
dietary LJP had potential to improve growth performance of
weaned piglets under a high temperature condition, which
might be attributed to the improved systemic immune status
and attenuated response to the heat stress. Considering
the growth of piglets and cost of product, 200 mg/kg was an
appropriate and feasible level for LJP supplementation to
weaned piglets’ diet. More studies on LJP application may
benefit the swine industry.
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