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The purpose of this study was to test fermentation, for its products of a Chinese
medicinal mushroom, Ganoderma lucidum, cultured by submerged fermentation for its
eﬀect on growth performance and immunocompetence in weanling piglets. In
Experiment 1, 72 weanling piglets were allotted to one of four treatments receiving
these fermentation products (GLF, expressed as amount of b-glucans) at 0 (control), 50,
100, and 150 mg/kg feed for 4 weeks. The results showed that at a supplementation level
of 50 mg/kg feed, GLF caused the best growth performance, the highest pseudorabies
antibody titre, and a decrease of blood glucose level. It was also demonstrated that GLF
up-regulated the cell-mediated immune response related cytokines (IL-2, IFN-g, and
TNF-a) expression in diﬀerent lymphoid tissues. After challenging with porcine
circovirus (PCV) type 2 (Experiment 2), a supplementation with 50 mg GLF per kg feed
also inhibited PCV-2 virus ampliﬁcation, and ameliorated lymphocyte depletion in
diﬀerent lymphoid tissues. Conclusively, feed supplemented with GLF at 50 mg/kg
could be beneﬁcial to counteract the physiological stress in weanling piglets.
Keywords: Ganoderma lucidum; Chinese herb; growth; immunocompetence; pigs

1.

Introduction

Ganoderma lucidum (Lingzhi in Chinese, Reishi in Japanese) has been used in China to
prevent and treat various human diseases for a long time. Lingzhi was classiﬁed as a drug
of ‘‘high grade’’, that is a medicinal herb without toxicity in the Shen Nong’s Materia
Medica (Shen Nong Ben Cao Jing), which was published in the second century BC by
Li Shi-Jen, a well-known ancient Chinese medicinal scientist. The eﬃcacy and medical uses
of Lingzhi was also described in the classic Compendium of Material (Ben Cao Gang Mu)
in the sixteenth century.
Polysaccharides are believed to be one of the eﬃcacious components of G. lucidum (Lin
2005). A number of reports have demonstrated that G. lucidum polysaccharides modulate
immune function both in vivo and in vitro by promoting the function of antigen-presenting
cells, mononuclear phagocyte system, humoral immunity, and cellular immunity (Adachi
et al. 1994; Mao et al. 1999; Lai et al. 2004; Lin 2005).
b-glucan (1,3-b-D-glucan), is a heterogenous group of glucose polymers present as
structural elements in the cell walls of yeasts, and other fungi including fermentation

*Corresponding author. Email: yhcheng@niu.edu.tw
ISSN 1745-039X print/ISSN 1477-2817 online
Ó 2008 Taylor & Francis
DOI: 10.1080/17450390701780201
http://www.informaworld.com

Downloaded By: [informa internal users] At: 15:22 30 January 2008

Archives of Animal Nutrition

23

products of G. lucidum. The b-glucans have been reported to inhibit tumour formation
(Ohno et al. 1995), enhance defence against bacterial challenge (Onderdonk et al. 1992;
Babineau et al. 1994), and increase growth performance (Schoenherr et al. 1994) in pigs.
Glucans from a variety of yeast cell walls have been shown to stimulate both speciﬁc and
non-speciﬁc immune responses (Dritz et al. 1995). In vitro studies have shown that
b-glucans inﬂuence macrophage morphology (Burgaleta et al. 1978), increase nitric oxide
production (Ohno et al. 1996), and stimulate the release of cytokines such as TNF-a, IL-6,
IL-1, and IL-2 via macrophages (Adachi et al. 1994; Chen et al. 2003). Glucans can also
inhibit the inﬂammatory cytokine responses, thereby allowing nutrients to be partitioned
toward the growth demand (Klasing et al. 1987).
Porcine circovirus type 2 (PCV-2) is an important viral infectious disease in pigs, which
induces lymphocytes apoptosis, lymphocyte depletion, over-expression of interleukin-10,
and consequently cause T cells immune suppression and secondary infection (Darwich et
al. 2003). Although b-glucans have not been widely used in animal production, Liu and Li
(1999) reported that lentinan (a type of glucan) has eﬀects on enhancing interleukin-2
(IL-2) production in broilers infected with Marek’s virus. This result suggests that lentinan
may be useful for treating against Marek’s disease and other viral diseases because of its
immunostimulating activities. In our broiler experiments, b-glucan at dosages of 250 and
500 mg/kg feed could increase the chemotaxis and phagocytosis capability of macrophages (Cheng et al. 2004). In the current study, b-glucan present in fermentation products
from G. lucidum was tested as a feed supplement to evaluate its eﬃcacy on growth
performance and immunocompetence in weanling piglets suﬀering from physiological
stress during weaning.
2.
2.1.

Materials and methods
Fermentation of G. lucidum and estimation of b-glucans

The mycelium of G. lucidum (CCRC 36421) was grown by submerged fermentation at
288C for 14 days. After drying and grinding, the content of polysaccharides and b-glucan
in the fermentation product was assessed by ﬂuorescence microassay. Brieﬂy, the ethanol
insoluble portion was re-suspended in 1 N NaOH. To 0.3 ml of the curdlan standard
solution and pre-treated sample solution 30 ml of 6 N NaOH was added, then mixed well
and heated at 808C for 30 min. Then the solutions were cooled immediately on ice for
2 min and aniline blue was added to react at 508C for 30 min. Finally, samples were cooled
down to room temperature for 30 min and then the ﬂuorescence intensity was measured at
an excitation wavelength of 398 nm and an emission wavelength of 502 nm by using a
ﬂuorescent spectrometer (Ko and Lin 2004). The concentration of polysaccharides and
b-glucans in the fermentation products of G. lucidum (GLF) was 19.08 + 3.23% and
7.25 + 0.03%, respectively. In the present study, GLF was incorporated into feeds on the
basis of its b-glucan content and was calculated on mg/kg basis.
2.2.

Animals and experimental design

Experiment 1. A total of 72 weanling piglets at three weeks of age were randomly allocated
to four diﬀerent treatment groups. The four treatments (n ¼ 6 per group, three replicates)
were supplemented with 0 (control), 50, 100 and 150 mg GLF per kg feed, respectively.
Water and feed was provided ad libitum throughout the entire experiment. The
experiments were performed according to the Guide for the Care and Use of Laboratory
Animals of the National I-Lan University. Body weights were determined at weaning and
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after two and four weeks of experimental feeding. Feed intake was calculated per pen
every week. To evaluate the eﬀects of GLF supplements on speciﬁc immune response, all
animals were vaccinated against pseudorabies on day 1 after weaning.
Experiment 2, consisted of two treatment groups, a control and a group given 50 mg
GLF per kg feed (6 pigs per treatment). Pigs of both groups were all challenged with
PCV-2 by intranasal and intramuscular route at three weeks of age. Speciﬁc pathogen free
piglets previously identiﬁed as PCV-2 negative by PCR, were inoculated intranasally with
105.2 TCID50 PCV-2, and 104.5 TCID50 PCV-2 by intramuscular injection at the ﬁrst day
of experiment. The survival rate and cytokines interleukin (IL)-1, IL-2, IL-4, IL-10,
interferon-g (IFN-g) and tumor necrosis factor-a (TNF-a) in three major lymphoid tissues
(spleen, inguinal and mandible lymph node), and PCV-2 nucleic acid were determined by
RT-PCR and PCR, respectively.
2.3.

Antibody titres, blood biochemistry and haptoglobin

Pigs were vaccinated subcutaneously with one dose of pseudorabies vaccine at weaning
and received a booster two weeks later. Blood samples were taken on day 14 and 28 from
four randomly selected pigs of each treatment.
The pseudorabies antibody titres were measured with ELISA (IDEXX, MAINE,
USA) and the data were expressed as log2 titre basis. For blood biochemistry, blood from
three pigs per treatment was collected and centrifuged at 2654 g for 10 min. The sera were
collected for the determination of total protein, albumin, globulin, g-glutamyltransferase
(GGT, EC 2.3.2.2), aspartate aminotransferase (AST, EC 2.6.1.1) and alanine
aminotransferase (ALT, EC 2.6.1.2), by automatic clinical chemistry analyser (Roche,
Cobus-Mira-Plus, Roche Diagnostic System Inc. USA). Haptoglobin was determined
according to Makimura and Suzuki (1982) with minor modiﬁcations.
2.4. Alveolar macrophages functions
Alveolar macrophages were collected from the pigs by bronchi alveolar lavage with
phosphate-buﬀered saline. The function of alveolar macrophages chemotaxis was
measured by the Boyden chamber technique. A cell culture containing a polyethylene
terephthalate membrane with a pore size of 3 mm served as the upper chamber and was
placed in one well of a 24-well cell culture plate (Costar, Cambridge, Mass., USA), which
served as the lower chamber. A total of 800 ml of DMEM (Dulbecco’s modiﬁcation of
Eagle’s medium) with 10, 1, or 0.1% of pooled normal serum from conventionally
housed pigs as the chemo-attractant was added in the lower chamber; DMEM without
normal serum was used as a negative control. Alveolar macrophages (106/ml) were
incubated at 378C for 30 min in DMEM without phenol red. After incubation, 200 ml of
the macrophage suspension was added to the upper chamber and the macrophages were
allowed to migrate for 1–2 h at 378C in a 5% CO2 atmosphere. After removal of the cell
culture insert, 200 ml of MTT (3-(4,5-dimethyldiazol-2-yl)-2,5 diphenyl tetrazolium
bromide) solution was added to the lower chamber. After 4 h of MTT reduction by
macrophages, the cells were lysed by adding 1 ml of 20% (wt/vol) sodium dodecyl
sulfate – 50% dimethyl formamide (pH 4.7). The absorbance of each well was read at
595 nm wavelength using spectrophotometer. Chemotaxis was expressed as a
chemotactic index, which was obtained by dividing the value for chemoattracted
macrophages by the value for randomly migrated macrophages in the negative (normal
saline) control.
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For the phagocytic assay, the alveolar macrophage coverslip cultures were incubated
with 2 ml of Candida albicans suspension (16107/ml) in a complete medium. After 60 min
of incubation, the coverslips were washed with sterile saline, ﬁxed in methanol, and then
stained with May-Grunwald-Giemsa stain. The percentages of phagocytoxic macrophages
and average number of internalised Candida albicans per phagocytic macrophage were
determined by scoring stained coverslip cultures under microscope at 10006 magniﬁcation. A total of 200 macrophages were scored per coverslip from three pigs of each
treatment.
2.5.

Total RNA and RT-PCR

Total RNA from spleen tissue was extracted by Ultraspec and reverse transcription was
performed. Various cytokine oligonucleotides were applied to amplify speciﬁc amplicons
of the reverse transcripted cDNA followed previous described (Darwich et al. 2003)
with minor modiﬁcation. The RT-PCR products was loaded in 1% agarose gel for
electrophoresis analysis, the signal of agarose gel with EtBr stain was analysed by real-time
image capture for quantitative analysis with a control of b-actin. The cytokine gene
expressed as relative intensities of b-actin.
2.6. Virus inoculation and identiﬁcation
The PCV-2 strain was isolated from an outbreak in a pig farm in Taiwan. The virus was
isolated from lymphoid nodes and mixed with 10% of emulsiﬁed solution, then, after
centrifugation and micro-ﬁltration, was inoculated into a PCV-1-free PK-15 cell line. For
additional culture of 3 days, the supernatant was collected for virulence titre test. PCV-2 in
lymphoid tissues (spleen, inguinal and mandible lymphonode) were detected by multiplex
PCR method as Pallares et al. (2002) described. Brieﬂy, primer 1C478 (PCV-1): 50 CCG
CGG GCT GGC TGA ACT T30 ; primer 2C16R (PCV-2): 50 ACC CCC GCC ACC GCT
ACC30 ; a common primer 1C1108 (PCV common): 50 CTC GGC TAT GCG CTC CAA
AAT G30 , for detecting of PCV-1 (652 bp amplicon) and PCV-2 (1154 bp amplicon) was
used, respectively.
2.7.

Statistical analysis

All data were analysed using the General Linear Models procedure of SAS (SAS 1989).
The results were expressed as the percentage subjected to logarithmic transformation prior
to analysis of variance. The signiﬁcance of the diﬀerences between individual means was
determined by Duncan’s new multiple range test.
3.
3.1.

Results and discussion
Growth performance

The growth performance of piglets weaned at three weeks of age is shown in Figure 1. As
shown in Figure 1A, 50 mg GLF/kg feed caused the best average daily gain (ADG) after 2
and 4 weeks of supplementation. However, increasing the dose of GLF failed to show this
positive eﬀect and after 4 weeks feeding the ADG dropped to the control level. There were
no eﬀects on feed intake when diets were supplemented with 50 or 100 mg GLF/kg
(Figure 1B), but the highest dose of 150 mg GLF/kg signiﬁcantly inhibited feed intake
(Figure 1B). This may be related to the bitter ingredients in GLF, such as secondary
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Figure 1. Eﬀects of fermentation products of Ganoderma lucidum (GLF) on average daily gain (A),
feed intake (B) and feed eﬃciency (C) of weanling pigs after 4 weeks experimental feeding
(Experiment 1). Means not sharing the same superscript diﬀer signiﬁcantly at p 5 0.05.
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metabolites, as for instance triterpenoids. The eﬀects of GLF supplementation on feed
eﬃciency are summarised in Figure 1C. The results showed that 50 mg GLF/kg improved
the feed eﬃciency signiﬁcantly, which was again not observed with higher levels of GLF.
Therefore, 50 mg GLF/kg was applied in the second experiment described below. Thus,
our current results showed that the zootechnical performance could be signiﬁcantly
increased by 50 mg GLF/kg. However, no further improvement or even a negative eﬀect
on feed intake occurred by increasing levels up to 150 mg GLF/kg.
Beneﬁcial eﬀects of GLF have been previously documented in animals, such as mice,
rats, rabbit and even human beings. However, there is hardly any evidence to prove that
GLF has a growth promotion activity in pigs or other domestic animals except horses (Lai
et al. 2004). A similar study showed that b-glucan from yeast can improve ADG and feed
intake at a supplementation level of 250 mg/kg (Dritz et al. 1995). However, with doses up
to 1000 mg/kg, feed intake and ADG were signiﬁcantly decreased compared to the control
group. Hiss and Sauerwein (2003) have demonstrated that b-glucan at 300 mg/kg
increased feed intake in weaned pigs. Our results showed that the growth performance was
not proportional to the supplemented level of GLF. Bitter components, e.g. ganodermic
acid and terpenoids (Nishitoba et al. 1985) may have caused the poor performance at high
levels of supplementation.
3.2. Evaluation of immune functions
The variable eﬀects of diﬀerent dosages of GLF on the functions of macrophages are
summarised in Table 1. The results show that the addition of 50–150 mg GLF/kg
signiﬁcantly enhanced the chemotaxis index, however, the chemotaxis index was not dose
dependent. Furthermore, there were no signiﬁcant eﬀects on the percentage of phagocytic
macrophages and phagocytosis ability per macrophage.
To investigate the antibody response under the inﬂuence of GLF, piglets were
vaccinated with a pseudorabies vaccine. The results of antibody production are summarised in Table 2. They show that GLF did not have any beneﬁcial eﬀects on primary
antibody titres against pseudorabies antigen (day 14 of experiment). However, the
secondary antibodies (day 28 of experiment) were signiﬁcantly increased in GLF-treated
animals when compared with the control group. The immuno-modulatory activity of
G. lucidum is well established in mice as an experimental model, where G. lucidum can
activate humoral immunity as well as the cell-mediated immune response (Lai et al. 2004;
Lin and Zhang 2004; Lin 2005).

Table 1. Eﬀects of fermentation products of Ganoderma lucidum (GLF) on the functional proﬁle of
alveolar macrophages in weanling pigs (Experiment 1) (Means + SD).
GLF [mg/kg feed]

Chemotaxis* [%]
Phagocytotic [%]
Number of C. albicans#

0 (Control)

50

100

150

3.05 + 0.42b
27.6 + 3.10
1.81 + 0.58

3.24 + 0.81a
25.8 + 2.40
1.51 + 0.21

4.42 + 0.69a
25.6 + 4.30
1.17 + 0.17

4.20 + 0.43a
25.2 + 3.30
2.02 + 0.59

*Chemotaxis was expressed as a chemotactic index, which was obtained by dividing the value for chemo-attracted
macrophages by the value of randomly migrated macrophages in the negative control; #Average phagocytised
number of C. albicans per 200 macrophages was scored from three pigs of each treatment. Means not sharing the
same superscript diﬀer signiﬁcantly at p 5 0.05.
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Blood biochemistry and haptoglobin

Selected markers of blood biochemistry of weaners after ingestion of GLF are listed in
Table 3. There was no signiﬁcant diﬀerence in the tested parameters, except for blood
glucose levels, which were signiﬁcantly decreased. In a previous report it was already
revealed that GLF possesses hypoglycemic potential by increasing the plasma insulin level
in mice (Hikino et al. 1985), suggesting that the regulating mechanism is through its
insulin-releasing activity via facilitating the calcium inﬂow to the pancreatic b-cells (Zhang
and Lin 2004).
Hapotoglobin, an acute phase protein in plasma, is often chosen as a biomarker of
primary inﬂammation (Dritz et al. 1995; Hiss and Sauerwein 2003). As demonstrated in
Figure 2, GLF supplemented animals had signiﬁcantly elevated hapotoglobulin concentrations up to 2-fold compared to the control group. Hiss and Sauerwein (2003)
reported that feeding various levels of dietary b-1,3-glucan to weanling piglets caused, an
inverse relationship between haptoglobin concentration and ADG. Similar ﬁndings were
obtained in the current study, which revealed that after feeding 150 mg GLF/kg, the
concentration of haptoglobin was signiﬁcantly higher than at 50 mg GLF/kg. At the same
time lower ADG and feed eﬃciencies were observed. Nevertheless, a chronic inﬂammation
elicits the mediator of prostaglandin E2 synthesis from polyunsaturated fatty acids in cell
membrane, and consequently, is expected to inhibit feed intake in animals (Cheng et al.
2004).

Table 2. Eﬀects of fermentation products of Ganoderma lucidum (GLF) on pseudorabies antibody
titres in vaccinated weanling pigs (Experiment 1) (n ¼ 4)*.
GLF [mg/kg feed]

Time of blood sampling
Day 14 of experiment
Day 28 of experiment

0 (Control)

50

100

150

0.62 + 0.08
6.19 + 0.86b

0.58 + 0.10
6.24 + 0.34a

0.57 + 0.10
7.12 + 0.71a

0.63 + 0.11
7.17 + 0.34a

*Challenged with pseudorabies inactivated vaccine at day 7 and 14 after experiment started. Antibody titres were
subjected to log2 transformation, Serum was collected from thoracic vena cava. Means not sharing the same
superscript diﬀer signiﬁcantly at p 5 0.05.

Table 3. Eﬀects of fermentation products of Ganoderma lucidum (GLF) on blood biochemistry
determined in weanling pigs (Experiment 1).
GLF [mg/kg feed]
0 (Control)
Creatinine [mg/l]
AST* [U/l]
ALT* [U/l]
Glucose [mg/100 ml]
Cholesterol [mg/100 ml]
Triglycerides [mg/100 ml]

1.00
72.0
53.2
131.0
90.2
46.0

+
+
+
+
+
+

0.11
27.4
14.4
8.85a
7.27
12.75

50
0.97
58.5
70.7
112.0
82.0
46.7

+
+
+
+
+
+

100
0.09
21.4
14.0
11.1b
8.75
11.5

0.67
64.2
52.5
114.7
82.2
36.7

+
+
+
+
+
+

150
0.32
31.9
10.7
8.18b
6.18
9.2

0.70
95.0
62.7
109.0
93.7
54.5

+
+
+
+
+
+

0.24
78.5
18.89
8.18b
19.4
16.8

*AST, aspartate transaminase; ALT, alanine transaminase; (Means not sharing the same superscript diﬀer
signiﬁcantly at p 5 0.05).
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PCV-2 challenge and cytokine proﬁle

In our second experiment, the gene expression proﬁles for selected cytokines in spleen were
investigated and the results are shown in Figure 3. When GLF was incorporated into diets,

Figure 2. Eﬀect of fermentation products of Ganoderma lucidum (GLF) on serum haptoglobin
levels in weanling pigs (Experiment 1). Means not sharing the same superscript diﬀer signiﬁcantly at
p 5 0.05.

Figure 3. Eﬀects of selected cytokine expression in spleen. Comparison between control group and
group receiving fermentation products of Ganoderma lucidum (GLF) at 50 mg/kg. (Experiment 2)
(IL ¼ interleukin; IFN-g ¼ interferon-g; TNF-a ¼ tumor necrosis factor-a). The values are
expressed as mean + SD of three independent determinations. *Means diﬀer signiﬁcantly
between control and GLF (p 5 0.05).
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the cytokines of IL-2, INF-g and TNF-a mRNA expression relative to b-actin were
signiﬁcantly up-regulated. These results demonstrated that GLF could induce cytokines of
the Th1 subsets and modulate the cell-mediated immune response. This latter eﬀect should
become more apparent in a challenge experiment using porcine circovirus. The signiﬁcantly increased of INF-g and TNF-a expression may enhance the anti-virus ability of
the host, and humoral immune response network are also modiﬁed by an increase of IL-2
level. Cytokines play an important role in the network of immune responses and account
for communication, activation, maturation and diﬀerentiation among immune cells.
Taken together, this study suggests that GLF can modify gene expression of cytokines and
might induce disease resistance in animals.
In Figure 4, the results of a challenge experiment with PCV-2 via intranasal inoculation
at a dosage of 105.2 TCID50 are shown. Two pigs in the challenge group (not GLF
supplemented) showed obviously a respiratory syndrome and typical signs of hypersensitivity dermatitis, which were induced by viremia. By PCR the PCV-2 nucleic acid of the
virus was detected in diﬀerent lymphoid tissues including inguinal, mandible and spleen
(Figure 4). Interestingly, no virus speciﬁc nucleic acid was detected in GLF groups and the
histopathological examination showed only mild pathologic lesions. Moreover, in the
control animal lymphocyte depletion, necrosis and haemorrhage in lymphoid tissues were
observed in microscopic examination (data not shown).
Previous studies have demonstrated that crude water-extracted polysaccharides from
fresh fruiting bodies of G. lucidum can potentiate the production of cytokines including
IL-1b, IL-6, IFN-g and TNF-a in human macrophages (Han et al. 1998). The crude waterextract of G. lucidum also induced the expression of cytokines including IL-10 and TNF-a,
IL-1b, IL-6 and IL-2 mRNA in human peripheral blood mononuclear cells (Mao et al.
1999). However, we found that GLF can stimulate IL-2, IFN-g and TNF-a production in
weanling pigs moderately. The immunomodulatory eﬀects of GLF on the expression of
cytokines can show two ways of modulation of Th1 and Th2. However, over-expression of

Figure 4. Detection of PCV-2 nucleic acid in lymphoid tissue of weanling pigs after challenge with
PCV-2 virus and feeding without or with fermentation products of Ganoderma lucidum (GLF) at
50 mg/kg for 4 weeks. M; 100 bp*1400 bp DNA marker; lane 1–3, spleen, inguinal and mandible
lymph node without GLF; lane 4–6, spleen, inguinal and mandible lymph node with 50 mg GLF/kg.
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the pro-inﬂammatory cytokines could have detrimental eﬀects on the growth performance
and health status (Spurlock 1997). Furthermore, the increase of cytokine secretion results
in nutrient repartitioning from growth towards immune response (Johnson 1997), which is
a disadvantage from an economic point of view.
4.

Conclusion

Our study suggests that supplementation of fermentation products of G. lucidum at
50 mg/kg, can improve growth performance and produces an increase on chemotaxis
ability of alveolar macrophages and elevated secondary antibody titres when challenged
with pseudorabies vaccine. Furthermore, no side-eﬀects are caused by GLF at tested
dosages with respect to the majority of biochemical measurements except for a weak
hypoglycaemic response. However, our present results demonstrate that signiﬁcantly
higher haptoglobulin levels are detected after GLF supplementation, implicating GLF
would induce an inﬂammatory signal to initiate the immune network in piglets. Therefore,
G. lucidum has the potential as an immune modulator at appropriate supplementation
levels and feeding duration. In particular, the alterations in gene expression of cytokines
and the results of the PCV-2 challenge experiment suggest that a potent antiviral activity
may be due to the modulation of the cytokine proﬁle and enhancing the virus elimination
by the addition of GLF in feeds.
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