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ABSTRACT. The aim of this study was to evaluate the effects of dietary
supplementation of bamboo leaf extract (BLE) on the growth performance,
antioxidant traits, immune function, and lipid metabolism of weaning piglets.
After weaning at 21 days, two hundred and forty healthy piglets (Large
White × Landrance) were randomly assigned to 4 treatments with 6 pens
and 10 piglets per pen. The control group (Ctr) received a maize-soyabean
based diet, and the test groups received the control diet plus 0.5%, 1%, or
2% (w/w) BLE, respectively. The experiment was carried out for 5 weeks.
At the end of it, average daily feed intake in the 1% BLE group was
decreased (p < 0.05). Plasma concentrations of malondialdehyde were
decreased with supplementation of 1% and 2% BLE. Immunoglobulin G
concentrations and lysozyme activity in plasma were significantly increased
in piglets supplemented with BLE. Diets with 1% and 2% BLE increased
(p < 0.05) plasma concentrations of low density lipoprotein-cholesterol and
reduced (P < 0.01) high density lipoprotein-cholesterol levels. Higher triglyceride
concentrations were observed in the 0.5% (P < 0.01) and 2% (p < 0.05) BLE
groups. In conclusion, these novel findings demonstrate that supplementation
of BLE to the diet improved the antioxidant activity, immune function, and lipid
metabolism of weaning piglets.

Introduction
Early weaning of piglets is often accompanied
by severe growth retardation, anorexia, diarrhoea,
poor performance, dysfunction of the immune system, and by higher morbidity (Lallès et al., 2007).
Studies over the last decades have shown that dramatic changes in the composition of feed and in gastrointestinal function, together with other factors,
including environmental ones, could be responsible
for the growth inhibition (Kenworthy and Allen,

1966; Mormède and Hay, 2003). Thus, studies on
the weaning process of piglets and development of
novel strategies to minimize both morbidity and
mortality of post-weaning piglets are crucial.
Bamboo is a group of evergreen plant genera
belonging to the grass family, that are widely distributed in tropical and subtropical areas. In ancient China, bamboo was used for handicraft items,
while its leaves served as a medicine for detoxification and fever. During the last few years, some of the
bioactive constituents and potential health benefits
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of bamboo leaves have been identified. Bamboo leaf
extracts contain mainly flavone glycosides, polysaccharides, amino acids, trace minerals, essential oils,
chlorophyll and phenolic acids (Suga et al., 2003; Lu
et al., 2005, 2006; Zhang et al., 2008). Polyphenolrich bamboo leaf extracts have been reported to exhibit various pharmacological properties, including
free-radical scavenging, anti-oxidant, antibacterial,
and antitumor activities, as well as prevention of lipid peroxidation and cancer (Kweon et al., 2001; Ren
et al., 2004; Fujimura et al., 2005; Hasegawa et al.,
2008; Lee et al., 2008a, 2010; Seki et al., 2010b).
Compared with synthetic nutraceuticals, which
have caused undesirable side effects, bamboo leaf
extract is predicted to be much safer by the virtue of
its natural origin. According to the safety evaluation
of bamboo leaves as an antioxidant, the maximum
tolerated oral dose in rats is more than 10 g · kg–1,
which places it in the non-poisonous category (Lu et
al., 2005). Moreover, bamboo leaf extract has been
approved as a novel natural food additive by the
Food Additive Standardization Committee of the
People’s Republic of China (PRC) in 2003 and has
been listed in the state standard (GB2760-1996, Hygienic Standards for Food Additives in Use) since
2004 by the Ministry of Health of the PRC. Based on
the safety and health-promoting effects of bamboo
leaf extract, we hypothesize that it may serve as an
effective feed additive for improving the health of
pigs, specially weaning piglets. Therefore, the aim
of this study was to investigate the effects of BLE
on growth performance, antioxidant traits, immune
function, and lipid metabolism of weaning piglets.
Malondialdehyde (MDA) is a well-known carbonyl
product of lipid peroxidation, and total superoxide
dismutase (T-SOD) is a principal antioxidant enzyme, which catalyzes dismutation of the superoxide radical. High-density lipoprotein cholesterol
(HDL-C), together with low-density lipoprotein
cholesterol (LDL-C), comprise the largest fraction
of serum cholesterol and play an important role in
maintaining serum cholesterol homeostasis. Serum
levels of such immunoglobulins as immunoglobulin
G (IgG) and immunoglobulin A (IgA) provide key
information on immune status. Thus, in the present
study, all of the above-mentioned parameters were
determined to evaluate the beneficial effects of BLE
in weaning piglets.

Material and method
Bamboo leaf extract (BLE)
The BLE used in the present study was provided
by Shanghai HanHuang Company Ltd. (Shanghai,
PRC). It is made from fresh leaves and small branches
of bamboo, Phyllostachys pubescens, through ethanol/
water extraction. The flavonoid concentration in BLE
was 2.5%, as determined by liquid chromatographmass spectrometer (LC-MS) analysis.

Animal care and experimental design
Two hundred and forty male piglets (Large White
× Landrance) weaned at 21 days of age, 6.4 ± 0.51 kg
liveweight, were used in this study. The piglets were
randomly allotted to 4 groups with 6 replicates and 10
piglets per pen. Piglets in 4 groups were fed the basal diet
containing 0% (w/w) BLE (control group), 0.5% (w/w)
BLE, 1.0% (w/w) BLE, or 2.0% (w/w) BLE, respectively. All piglets were allowed ad libitum access to feed
and water and housed in a temperature- and humiditycontrolled environment with a 12 h light-dark cycle. The
diets were formulated based on the NRC (1998) to meet
the nutrient requirements of weaning piglets (Table 1).
Table 1. Composition of basal diets fed to weanling pigs
Indices
Ingredient, %
maize
soyabean meal
wheat bran
fish meal
premix1
Analysed nutrient content, % of DM
digestible energy, MJ kg-1
crude protein
calcium
available phosphorus
Lys
Met + Cys

1 to 35 d
63
4
25
4
4
13.60
19.30
0.93
0.52
1.00
0.46

Premix provided per kg of diet: mg: Cu (as copper sulphate) 250,
Fe (as ferrous sulphate) 130, Zn (as zinc sulphate) 130, Mn 60, Se
0.3, I 0.4; IU: vit. A 8000, vit. E 30; mg: vit. K3 3.56, vit. B1 1.8, vit. B2,
vit. B6 1.26, vit. B12 0.002, folic acid 0.3, biotin 0.44, niacin 32, choline
500, antioxidant 50
1

The experiments described here were conducted in compliance with the Chinese regulations
concerning the protection of experiment animals.
The study protocol was approved in advance by the
Ethics Committee of Nanjing Agricultural University, Nanjing (China). Care of the animals during
the experiment was in accordance with the committee guidelines. At the end of the experiment, blood
samples were randomly withdrawn from six piglets
per pen by jugular venipuncture into heparin-treated
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tubes and the plasma was separated by centrifugation at 3000 g for 15 min at 4°C. The plasma samples were then frozen at −20°C for further assay.

Growth performance
Piglets were weighed individually and feed
consumption per pen was measured at the end of
the experiment. From these data, average daily
gain (ADG), average daily feed intake (ADFI) and
feed/gain ratio (F/G) were calculated for the entire
experiment.
Daily recordings were obtained for mortality,
diarrhoea ratio, and faecal score (0 = solid bar or
granule, 1 = soft faeces with one shape, 2 = sticky
shapeless faeces and mixture of faeces and water,
3 = shapeless, liquid faeces). The faecal scorings
were performed by two persons jointly and during the
experiments a total of three persons were involved.
diarrhoea index = total scores of faeces/(total
number of experimental piglets × experimental days)
diarrhoea ratio = (number of piglets with diarrhoea)/(total number of experimental piglets × experimental days).
Analysis of total malondialdehyde (MDA), total
superoxide dismutase (T-SOD)
and total antioxidative capacity (T-AOC)
MDA in the plasma of the piglets was measured
with an MDA analysis kit (Nanjing Jiancheng Bioengineering Institute, China) following the manufacturer’s instructions. Briefly, the samples were treated
with thiobarbituric acid (TBA), which produces a
red compound with an absorption maximum at 532
nm in the presence of MDA (Zeng et al., 2008).
T-SOD activity in the plasma of the piglets
was measured with a T-SOD analysis kit (Nanjing
Jiancheng Bioengineering Institute, China). The
method utilized a tetrazolium salt to quantify the superoxide radicals generated by xanthine oxidase and
hypoxanthine (Zeng et al., 2008).
T-AOC of the plasma was measured with
a T-AOC analysis kit (Nanjing Jiancheng Bioengineering Institute, China). The antioxidants in the
samples can be utilized by the kit to reduce Fe3+ to
Fe2+, which is then chelated with porphyrin to produce a purple complex; this complex can be quantified by measuring the absorbance at 550 nm (Liu et
al., 2012b).

Determination of immunoglobulin (IgA) and ,
(IgG), and lysozyme
The IgG content in the plasma was measured
with a radioimmunoassay kit from Beijing North
Institute of Biological Technology (Beijing, China)
(Liu et al., 2012a).
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The plasma IgA content was measured with
a Porcine IgA ELISA kit (BlueGene, Shanghai,
China) following the manufacturer’s instructions.
In detail, the microtiter plates were coated with
a monoclonal anti-IgA and a IgA-HRP conjugate.
When incubated for 1 h at 37°C, IgA from samples
and IgA-HRP conjugate competed for the anti- IgA
antibody binding site. After manual washing 3 to 5
times to remove the incubation mixture, the microtiter plates were inverted and dried. Substrates A and B
were added to each well and incubated for 15 min at
20°−25°C. Finally, the stop solution was added to
each well and the optical density was measured at
450 nm. The IgA content in the plasma was determined by comparison with a standard curve.
Lysozyme activity was measured using a commercial kit (Nanjing Jiancheng Bioengineering
Institute, China) that can utilize lysozyme in
the samples to hydrolyse peptidoglycan of the
bacterial cell wall. When the bacteria is lysed,
the concentration of the bacterium in the liquid
decreases, leading to a rise in the transmittance of
the liquid. Transmittance was recorded at 530 nm
at 5 and 125 s post-reaction. The lysozyme activity
of the samples was determined by comparison with
a standard.

Analysis of triglyceride (TG), high density
lipoprotein-cholesterol (HDL-C), low
density lipoprotein-cholesterol (LDL-C)
and total cholesterol (TC)
The TG content of the plasma was measured with
a TG analysis kit (Beijing BHKT Clinical Reagent
Co. Ltd., China). The kit utilizes a reagent mix reagent that, in the presence of TG, produces quinones
with an absorption maximum at 500 nm. The reagentmix consists of lipoprotein lipases (LPL), glycerol
kinase (GK), glycerol phosphate oxidase (GPO) and
peroxidase (POD). The TG contents were determined
by comparison with the calibrator (Trinder, 1969).
The HDL-C concentration in the plasma of
piglets was measured with an LDL-C analysis kit
(Beijing BHKT Clinical Reagent Co. Ltd., China)
following the manufacturer’s instructions. Briefly,
samples were treated with phosphotungstic acid and
the supernatant was collected. After reacting with
a series of enzymes, absorbance of the supernatant
was measured at 500 nm. The HDL-C concentration
was determined by comparison with a standard
(Lopes-Virella et al., 1977).
The LDL-C concentration in the plasma of piglets
was measured with an LDL-C analysis kit (Beijing
BHKT Clinical Reagent Co. Ltd., China). Polylyethylene sulphate can selectively precipitate LDL from the
plasma and leave very low density lipoprotein (VLDL)
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and high density lipoprotein (HDL) in the supernatant.
After measuring the absorbance at 520 nm, the cholesterol in the supernatant was determined by comparison
with the calibrator. The LDL-C content was then quantified by subtracting the cholesterol in the supernatant
from total cholesterol (Assmann et al., 1984).
The total cholesterol (TC) content of the plasma
was measured with a TC analysis kit (Beijing BHKT
Clinical Reagent Co. Ltd., China). The method utilized a mixed reagent to react with the samples, which
in the presence of TG produced quinone compounds
with an absorption maximum at 500 nm. The reagent
mixture consisted of CE, CO, POD, and 4-AAP. The
TC content was determined by comparison with the
calibrator (Trinder, 1969).

Statistical analysis
The data were analysed by one-way analysis of
variance (ANOVA) using SPSS software (17.0). All
data were expressed as mean ± SEM. The difference
between means was determined using Duncan’s multiple range test at a level of significance of p < 0.05.

T-AOC and T-SOD activities, and MDA content
Table 3 shows the effects of dietary BLE supplementation on plasma T-AOC, T-SOD activities,
and MDA content in weaning piglets. Daily supplementation with 1.0% (p < 0.05) and 2.0% (P < 0.01)
BLE resulted in a significant reduction in plasma
MDA concentrations, but had no significant effect
on T-AOC content and T-SOD activities in the plasma (p > 0.05).

IgA and IgG concentrations, and lysozyme
activity
Table 4 shows IgA and IgG contents, and lysozyme activity in the plasma of piglets. Plasma lysozyme activity increased (P < 0.01) with increasing
dietary BLE level. BLE supplementation in piglets
significantly increased (P < 0.05) plasma IgG concentrations. No differences in plasma IgA concentrations were observed, however, in response to
BLE supplementation.

TG, HDL-C, LDL-C and TC concentrations

Results
Growth performance
The effect of dietary supplementation of BLE
on the growth performance of piglets is presented
in Table 2. At the end of the experiment, the ADFI
of piglets fed 1% BLE was significantly reduced
(p < 0.05), as compared with controls. Dietary BLE
tended to decrease F/G, in particular, during the
1–14 d over the entire experimental period, F/G was
significantly reduced (p < 0.05) in the 2% BLE group.

The effects of dietary supplemental BLE on
TG, HDL-C, LDL-C and TC concentrations are
presented in Figure 1. Plasma HDL-C concentrations were significantly increased (P < 0.01) in
both the 1% and 2% BLE groups, while plasma
LDL-C concentrations were significantly reduced
(P < 0.01) in all treatments. Plasma TG levels
were significantly increased (P < 0.01) by feeding 0.5% and 2% BLE, as compared with controls.
No significant differences were observed in plasma TC levels among the control and BLE groups.

Table 2. Effects of bamboo leaf extract on the growth performance of weaning piglets
Period
days
1 – 14
15 – 28
29 – 35
1 – 35
1 – 35

a,b

Item
ADG, g
ADFI, g
F/G
ADG, g
ADFI, g
F/G
ADG, g
ADFI, g
F/G
ADG, g
ADFI, g
F/G
diarrhoea rate, %
diarrhoea index
mortality, %

Treatment
Ctr
222.30 ± 12.25
363.67 ± 20.65
1.64 ± 0.06a
334.77 ± 21.60
543.87 ± 16.43
1.63 ± 0.07
467.10 ± 8.41
856.13 ± 48.20
1.83 ± 0.10
289.07 ± 16.61
534.23 ± 23.30a
1.86 ± 0.16
3.47 ± 0.17
0.11 ± 0.00
5.00 ± 8.66

0.5% BLE
228.60 ± 14.43
369.70 ± 17.05
1.62 ± 0.06a
320.27 ± 21.36
539.67 ± 51.50
1.70 ± 0.21
499.83 ± 55.19
804.63 ± 57.12
1.62 ± 0.08
301.83 ± 2.23
525.67 ± 30.43a
1.74 ± 0.11
3.99 ± 0.49
0.10 ± 0.00
8.33 ± 10.41

1% BLE
217.37 ± 7.89
325.93 ± 6.45
1.50 ± 0.03ab
274.13 ± 22.92
477.40 ± 39.91
1.74 ± 0.07
419.93 ± 22.02
651.20 ± 27.82
1.56 ± 0.13
290.73 ± 18.44
451.40 ± 18.37b
1.57 ± 0.15
5.38 ± 0.76
0.11 ± 0.01
0.00 ± 0.00

2% BLE
252.00 ± 9.87
348.73 ± 20.56
1.38 ± 0.03b
281.03 ± 20.18
495.43 ± 58.61
1.79 ± 0.21
428.73 ± 43.72
741.13 ± 19.40
1.76 ± 0.15
281.77 ± 10.90
486.13 ± 22.78ab
1.72 ± 0.03
4.42 ± 0.91
0.11 ± 0.02
5.26 ± 9.12

means within a row with no common superscripts differ significantly (p < 0.05); BLE – bamboo leaf extract; ADG – average daily gain;
ADFI – average daily feed intake; F/G – feed/gain ratio; Ctr – control
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Table 3. Effects of bamboo leaf extract on the level of anti-oxidant in plasma of weaning piglets
Treatment1

Indices
1 – 35 d after weaning
T-AOC, U · ml−1
MDA, nmol · ml−1
T-SOD, U · ml−1
a,b

Ctr

0.5% BLE

1% BLE

2% BLE

6.02 ± 1.35
3.37 ± 0.23aA
99.74 ± 11.12

6.21 ± 1.02
3.26 ± 0.32abA
95.58 ± 5.73

6.47 ± 0.86
3.01 ± 0.22bA
101.19 ± 10.24

6.76 ± 0.86
2.41 ± 0.25cB
99.64 ± 9.47

means within a row with no common superscripts differ significantly (p < 0.05); 1 see Table 2; A,B means within a row with no common super
scripts differ significantly (P < 0.01); T-AOC – total antioxidant capasity; MDA – total malondialdehyde; T-SOD – superoxide dismutase;
Ctr – control

Table 4. Effects of bamboo leaf extract on immune function of weaning piglets
Treatment1

Indices

Ctr

0.5% BLE

1% BLE

2% BLE

0.34 ± 0.13aA
19.61 ± 8.87
6.65 ± 0.74aA

0.64 ± 0.08bB
20.53 ± 2.29
8.32 ± 0.54bB

0.63 ± 0.05bB
22.06 ± 2.53
9.56 ± 0.33cC

0.61 ± 0.10bB
22.81 ± 2.55
11.96 ± 0.84dD

1 – 35 d after weaning
IgG, mg · ml−1
IgA, mg · ml−1
lysozyme, U · ml−1

as in Table 3; 1 see Table 2; IgG – immunoglobulin G; IgA – immunoglobulin A; Ctr – control

A

TG, mg · mmol−1

0.4

B

cB
aA

bcB
abA

HDL-C, mg · mmol−1

a,b, A,B

0.3
0.2
0.1
0.0
Ctr
1.0

bB

2.0
1.5

aA

aA

Ctr

0.5% BLE

1.0
0.5

1% BLE

2% BLE

2.0
1.9

0.8

LDL-C, mg · mmol−1

D

aA

bB

0.0

2% BLE

bB

0.6

cC
cC

0.4
0.2

TC, mg · mmol−1

C

0.5% BLE 1% BLE

2.5

1.8
1.7
1.6
1.5
1.4

0.0

1.3
Ctr

0.5% BLE

1% BLE

2% BLE

Ctr

0.5% BLE 1% BLE

2% BLE

Figure 1. Effects of bamboo leaf extract on lipid metabolism in plasma of weaning piglets. Panels A–D are bar graphs with BLE plotted
against different concentrations of (A) triglyceride (TG), (B) high density lipoprotein-cholesterol (HDL-C), (C) low density lipoprotein-cholesterol
(LDL-C), and (D) total cholesterol (TC). Data are presented as mean ± SEM (n = 6 per group). (a –d) or (A– D) Data in the same row with
a different superscripts letter differ significantly (p < 0.05 or P < 0.01). Data were analysed by one-way analysis of variance (ANOVA); Ctr – control
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Discussion
In the past few decades, bamboo extracts have
attracted greater interest as a dietary source of natural
polyphenol anti-oxidants. Several lines of evidence
have demonstrated the benefits of different parts of
bamboo, such as bamboo leaves (Kobayashi et al.,
1998; Lee et al., 2010), culm (Lee et al., 2008a,b),
shoot (Fujimura et al., 2005; Park and Jhon, 2010),
shavings (Zhang et al., 2004, 2006) and oils (Choi et
al., 2008a; Cho et al., 2009). The present study shows
that dietary bamboo leaf extract affected the growth
performance, anti-oxidant traits, immune function,
and lipid metabolism of weaning piglets. We found
that ADFI of piglets fed BLE was significantly
reduced and accompanied by no changes in ADG,
which is consistent with other reports (Lu et al.,
2011). Due to the presence of essential oils and
aromatic compounds in bamboo products, it is
suggested they could render piglet diets unpalatable,
leading to a pronounced reduction in ADFI. Our
results also show that there were no changes in
diarrhoea rate or index among various groups after
administration of BLE. The presence of antimicrobial
benzoic acid and 2,6-dimethoxybenzoquinine has,
however, been reported in bamboo leaves and this
restrained the proliferation of pathogenic bacterium
in the gastrointestinal tract (Nishina et al., 1991). It
is thought that numerous factors are associated with
post-weaning diarrhoea of piglets, not only invasion
of pathogenic microorganisms (Kenworthy and
Allen, 1966; Moi et al., 1994) but also morphological
and physiological changes in the small intestinal
tract (Mormède and Hay, 2003).There are few
studies that have reported on the effect of bamboo
on the histomorphology of the gastrointestinal tract
in vivo, which means there is no direct evidence
showing whether bamboo-related products affect the
gastrointestinal tract in animals. Moreover, due to the
use of different animal models and variable purity
of the extracts, it is difficult to perform accurate
comparisons among the antibacterial activities of
bamboo leaf extracts and other reported extracts in
vivo or in vitro.
A great deal of attention has been paid to the anti-oxidant capacity of bamboo extracts. Here, we report that plasma MDA levels were significantly decreased by BLE supplementation, while there were
only subtle changes in T-AOC activity. In agreement
with our results, Lee et al. (2008a) also demonstrated
that bamboo culm extract supplementation in mice
fed an atherogenic diet significantly reduced the
levels of thiobarbituric acid reactive substances and
protein carbonyls, suggesting a protective effect of
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bamboo culm extract supplementation against lipid
peroxidation and protein oxidation (Lee et al., 2008a).
Results of a feeding test in vivo also showed that
the anti-oxidants of bamboo leaves could significantly improve the activities of T-SOD and GPx
(Zhang et al., 2007). But in the present study, it
seems that BLE had no effect on the activity of TSOD. Compelling evidence supports the conclusion
that the anti-oxidant capacity of plant materialsis
due to their high polyphenol contents (Hanasaki
et al., 1994; Velioglu et al., 1998; Bouaziz et al.,
2004; Park and Jhon, 2010). Lu et al. (2005) reported that the anti-oxidants of bamboo leaves are
a complex mixture, made up mostly of polyphenols.
A recent report identified four flavone C-glycosides
in bamboo leaf that were poorly absorbed in the
gastrointestinal tract (Zhang et al., 2008).We believe that such poor absorption characteristics of flavone C-glycosides in vivo indicated their potential
benefits against oxidant damage in cells. In addition,
a recent scientific paper focused on the anti-oxidant
mechanism of bamboo extracts, which revealed that
anti-oxidants from bamboo-protected cells against
oxidative damage through induction of expression
of phase II enzyme genes (Kweon et al., 2006).
Furthermore, Koide et al. (2011) found that bamboo
extracts showed lesser regulatory effects on Phase
II enzymes in comparison with those on Phase I
enzymes. In the modern environment, Phase I and
II enzymes are vital for cell survival because they
catalyse the conversion of xenobiotic or reactive
free radicals into less toxic products via oxidation
or conjugation and provoke the expression of Phase
II detoxifying genes. Thus, enzyme-catalysed Phase
I and II reactions may be an important detoxification pathway for bamboo leaf extract activity against
oxidant stress.
It might be noteworthy that BLE plays an important role in the specific and non-specific immunity of organisms. Lysozyme is a natural enzyme
produced by animals and is widely distributed in
serum and tissues. Lysozyme has bactericidal activity and can be an opsonin that activates the complement system and phagocytes to prevent infection and disease (Jollès and Jollès, 1984; Geng et
al., 2011). In the present study, the data showed that
BLE significantly increased serum lysozyme activities, which indicates that BLE boosts the non-specific immune system. IgG and IgA are the largest
and second-largest fractions among the serum immunoglobulins, respectively. Both play an important role in the function of an efficient immune system (Schroeder and Cavacini, 2010). In the current
study, the IgG level was increased in the serum of
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piglets that received BLE supplementation, but no
significant changes occurred in the IgA levels, suggesting an immune-stimulating activity of BLE. Results from Tsunoda et al. (1998) strongly suggested
the potential of bamboo leaf extract as a tumor suppressive and cancer preventive food additive. It was
reported that both in vitro and in vivo, bamboo leaf
extracts increased the immunopotentiation effect
through induction of the cytotoxic activity of NK
cells and macrophages (Seki et al., 2010a). Thus, it
is suggested that the effect on immune function of
BLE is positively related to the increased activity of
cytokines and secretion of immunoglobulins.
Numerous studies have demonstrated that
bamboo leaf extract has beneficial effects on lipid
profiles both in in vivo and in vitro models. In the
present study, we found that HDL-C concentration were significantly increased with increasing
concentration of BLE, whereas the effects of BLE
on triglycerides were inconsistent. Studies on male
Sprague-Dawley rats showed similar results: bamboo oil supplementation significantly reduced the
TC and TG concentrations in blood and increased
the plasma levels of HDL-C (Cho et al., 2009). Generally, high-density lipoprotein is one of the major
carriers of cholesterol in the blood (McGrowder et
al., 2010). Circulating HDL-C is regarded as ‘good
cholesterol’, which plays a crucial role in maintaining cholesterol homeostasis between blood and peripheral tissues (Brown and Goldstein, 1986; Cho et
al., 2009). In the present study, when the BLE concentration increased from 0.5% to 2.0%, the HDL-C
concentration increased from 1.11 to 2.07 mmol ·
l– 1, which was an increase of about 89.91% compared with the control group without addition of
BLE. Nonetheless, we failed to find any significant
difference in the TC levels among all groups, which
is contrary to previous reports (Lee et al., 2008a; Lu
et al., 2011).
On the other hand, our study has shown that
the plasma LDL-C concentration linearly declined,
accompanied by increasing BLE concentrations.
The LDL-C concentration is controlled by the low
density lipoprotein-acceptor number (Brown and
Goldstein, 1986). Cho et al. (2009) indicated that bamboo oil effectively decreased the cholesterol concentration via inhibition of 3-hydroxy-3-methylglutaryl
coenzyme A reductase activity, which is a major
regulatory enzyme of hepatic cholesterol biosynthesis, and reduction of low-density lipoprotein-acceptor numbers. Quite recently, Higa and Panee (2011)
found evidence of a strong inverse association between BLE concentration and nuclear factor kappa B
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(NF-κB) activity. Hypercholesterolaemia or obesity
are often accompanied by a state of chronic low-grade
inflammation, characterized by the increasing release
of pro-inflammatory cytokines such as interleukin 6.
It was reported that BLE attenuates the secretion of
interleukin 6 through the suppression of the NF-κB
signaling pathway (Higa and Panee, 2011). Modulation of interleukin 6 in high-fat diet-induced obese
mice by BLE was reported to improve insulin resistance, which in turn improved the lipid profile (Yang
et al., 2010). Accordingly, we speculate that the lipidlowering effect of bamboo leaf extract might partly
be attributed to the modulation of inflammatory cytokines through the NF-κB signaling pathway.

Conclusions
Our results showed that bamboo leaf extract
significantly reduced the malondialdehyde level and
low-density lipoprotein cholesterol concentration
in the plasma while increasing the high-density
lipoprotein cholesterol (HDL-C) concentration and
immunoglobulin G level. In particular, the dramatic
increase in the concentration of HDL-C indicates a
potential possibility for the bamboo leaf extracts used
as a dietary supplement to improve lipid profiles in
the animal industry. Further studies are still needed,
however, to identify the bioactive constituents and
elucidate the mechanism of bamboo leaf extract as
a functional additive.
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