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Role of Berberis lycium in Reducing Serum Cholesterol in Broilers
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ABSTRACT : This study was planned to investigate the role of Berberis lycium in reducing serum cholesterol in broilers. Six
experimental rations designated as A, B, C, D, E and F having 0, 0.5, 1.0, 1.5, 2.0 and 2.5% Berberis lycium were fed to 240 broiler
chicks, randomly distributed into 24 replicates, so as to have 4 replicates per group and 10 chicks per replicate. The experiment lasted
for 35 days. Average serum total cholesterol, triglyceride, high density lipoprotein (HDL) and low density lipoprotein (LDL) were used
as criteria of response. Average total serum cholesterol per chick was 129.33, 120.50, 116.50, 113.00, 101.67 and 114.00 mg/dl for group
A, B, C, D, E and F respectively. Total serum cholesterol showed decreasing trend with the increasing level of Berberis lycium unto 2%
(p<0.05). Mean serum triglyceride level per chick was 60.00, 58.17, 58.00, 55.33, 50.17 and 48.50 mg/dl for group A, B, C, D, E and F
respectively. Mean serum triglyceride showed decreasing trend with the increasing level of Berberis lycium (p<0.05). Serum triglyceride
was significantly lower in group F than other groups. Mean HDL per chick for the six experimental groups A, B, C, D, E and F was
52.08, 53.42, 60.42, 62.25, 62.92 and 54.50 mg/dl respectively. HDL showed increasing trend with the increase in the level of Berberis
lycium unto 2%. The average serum LDL per chick was 65.25, 55.45, 44.48, 39.68, 28.72 and 49.80 mg/dl for group A, B, C, D, E and F
respectively. LDL also showed decreasing trend with the increase in the level of Berberis lycium unto 2% (p<0.05). It was concluded
that Berberis lycium added to feed at the rate of 2.0% can be used in broiler feed for reducing serum total cholesterol, triglyceride and
LDL and increasing HDL. (Key Words : Berberis Lyceum, Cholesterol, Broiler)

INTRODUCTION
Cholesterol is normally found in the body in cell walls
and membranes, vitamin D, hormones, and fat-digesting
enzyme. It takes only a small amount of cholesterol in the
body to meet these needs. Excess cholesterol can get
deposited in the arteries, including the coronary arteries,
leading to atherosclerosis, or hardening of the arteries.
Atherosclerosis leads to heart attack and stroke. Cholesterol
is divided into LDL (“bad” cholesterol) in which 46% of the
molecule is cholesterol, which carries cholesterol in the
blood and can get deposited onto the walls of blood vessels,
causing atherosclerotic plaques. HDL (“good” cholesterol)
which includes 20% as cholesterol, helps clear the blood of
cholesterol, and may even remove cholesterol from
atherosclerotic blood vessels. High levels of total blood
cholesterol are associated with the incidence of coronary
heart disease Since about a quarter of the saturated fatty
acids in the diet are supplied by meat fat, this has increased
the consumption of poultry and fish at the expense of red
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meat (Carol and Merrily, 1984).
Cholesterol levels can be lowered through dietary
changes or by prescribing drugs. Different herbs and natural
products such as Chinese red-yeast-rice are highly effective
in lowering cholesterol levels.
Berberis lycium, one of the plant species being
abundantly available, is extensively used for the treatment
of several human diseases under local practices in Pakistan
(Khan, 2001). Berberis lycium contains berberine,
berbamine,
chinabine,
karakoramine,
palmatine
balauchistanamine, gilgitine, jhelumine, punjabine, sindamine,
chinabine acetic acid, maleic acid, ascorbic acid (Khare,
2004). The plant contains major alkaloid berberine (Khosla,
1992), which is an isoquinoline alkaloid. This is usually
taken from root or root bark of the Berberis lycium, and
other berberis species abundantly available in local forests.
Both clinical trials and animal research have indicated that
berberine administration prevented ischemia-induced
ventricular tachyarrhythmia, stimulated cardiac contractility,
and lowered peripheral vascular resistance and blood
pressure (Chun et al., 1978; Marin-Neto et al., 1988).
Berberis lycium has also been reported to reduce cholesterol,
control sugar in diabetic patients and improve immune
performance of the body (Saeed, 1976; Birdsall and Kelly,
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1997). In broiler feeding Berberis lycium at a level of 2% of
total feed, has been reported to improve weight gain, feed
efficiency and reduce mortility (Chand, 2005). The breast
weight, dressing meat and gizzard weight were slightly
increased.
The present project was designed to study the effect of
Berberis lycium on serum total, HDL and LDL cholesterol
and triglyceride in broilers.

(Meditek Instrument, Peshawar, Pakistan). Triglyceride
levels were determined by the enzymatic colorimetric
method of Werner et al. (1981) using the same analyzer.
Chylomicrons, VLDL (very low-density lipoproteins), and
LDL (low-density lipoproteins) were precipitated by adding
phosphotungstic and magnesium ions to the sample. For
this purpose one part of sample and three parts of
precipitant were used. Centrifugation left only the HDL
(high-density lipoproteins) in the supernatant; their
cholesterol content was determined using the procedure
MATERIALS AND METHODS
described by Lopes-Virella et al. (1977).
In order to investigate the effect of Berberis lycium on
LDL Cholesterol was calculated by the following
serum total cholesterol, triglyceride, High density formula:
lipoprotein (HDL) and Low density lipoprotein (LDL) in
broilers, a study was conducted at the Poultry Farm of
LDL Cholesterol (mg/dl)
N.W.F.P. Agricultural University Peshawar.
TGL
= Total cholesterol - HDL cholesterol
5
Experimental design
The experiment was conducted in completely
Economics of the various rations were calculated on the
randomized design (CRD). A total of 240 broiler chicks
basis
of prevailing prices in the market. The parameters
were obtained from the local commercial market and were
studied
were feed cost per chick and gross return per chick
divided into six groups A, B, C, D, E and F. The experiment
at
various
feeding levels of Berberis lycium.
lasted for 35 days. Each group was further divided into four
The
data
were statistically analyzed with the standard
replicates with ten chicks per replicate. The birds were
raised in individual pens on conventional deep litter system, procedures of analysis of variance (ANOVA), using
in an open sided house. All the pens were located in the Completely Randomized Design. Means were compared for
same house and each pen was provided with a feeder and significance of differences by least significance differences
drinker. The birds were vaccinated against Newcastle (LSD) as suggested by Steel and Torrie (1981).
To establish the association between levels of Berberis
Disease (ND) and Infectious Bursal Disease (IBD).
lycium in the feed with serum total cholesterol, triglyceride,
HDL and LDL in broilers, the regression model of
Addition of Berberis lycium to feed
The root bark of Berberis lycium was collected from Wonnacott and Wonnacot (1985) was used.
Pearson’s correlations between serum total cholesterol,
district Swat. After drying it was ground with the help of
triglyceride,
high density lipoprotein (HDL) and low
electric grinder. The powder was added to commercial
density
lipoprotein
(LDL) were worked out using the
broiler starter and finisher feed at the rate of 0, 0.5, 1.0, 1.5,
following
formula
2.0 and 2.5% for group A, B, C, D, E and F respectively.
Collection of blood samples and biochemical analysis
At the end of the experiment, three birds were randomly
selected from each replicate and blood samples were
collected for biochemical analysis. Blood samples were
transferred to sterilized centrifuge tubes and were allowed
for clotting at room temperature. The blood samples were
centrifuged for 10 minutes in a centrifuge at 4000 rpm for
serum separation. Serum samples were stored in freezer at
0°C for later analysis of total cholesterol, triglycerides,
high- and low-density lipoproteins (HDL and LDL). These
tests were done in the Biochemistry Laboratory of Pakistan
Medical Research Council, Peshawar using Chemistry
Analyzer (Micro Lab 200 Merck).
Cholesterol levels were determined by enzymatic
colorimetric method of Allain et al. (1974) using Chemistry
analyzer (Micro Lab 200 Merck) and an Elitech kit

rx.y =

Cov(X,Y)
δx δ y

The statistical package (SAS, 1998) was used to
perform the above analysis on computer.
RESULTS AND DISCUSSION
Findings pertaining to serum total cholesterol,
triglycerides, high- and low-density lipoproteins (HDL and
LDL) are presented under various sections as follows:
Total serum cholesterol
Average total serum cholesterol per chick was 129.33,
120.50, 116.50, 113.00, 101.67 and 114.00 mg/dl for group
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Table 1. Lipids profile of broiler chicks fed on different levels of Berberis lycium
Group
Parameters
A
B
C
D
TGR (mg/dl)
Total
cholesterol
(mg/dl)
HDL
(mg/dl)
LDL
(mg/dl)

E

F

F value P value

LSD
value

(0%B.lycium)

(0.5%B.lycium)

(1.0%B.lycium)

(1.5%B.lycium)

(2.0%B.lycium)

(2.5%B.lycium)

60.00a
129.33a

58.17ab
120.50ab

58.00ab
116.50ab

55.33abc
113.00bc

50.17bc
101.67c

48.50c
114.00bc

2.021
3.29

0.0634
0.0103

8.80
14.21

52.08 a

53.42 a

60.42 a

62.25 a

62.92 a

54.50 a

1.02

0.4151

13.45

65.25 a

55.45 ab

44.48 bc

39.68 cd

28.72d

49.80 bc

0.59

0.0001

13.97

TGR = Triglyceride, HDL = High density lipoprotein, LDL = Low density lipoprotein.
Means in the same row bearing different superscripts are significantly different (p<0.05).
B.lycium = Berberis lyceum.

Table 2. Prediction of reduction in serum total cholesterol in
broilers from percent Berberis lycium in the feed
Response variable (X0) = Reduction in the serum total cholesterol
Regressor:
X1 = Percent of Berberis lycium in the feed
Estimates
b0
b1
Parameter estimate
125.60
-7.81
3.69
2.44
±SE
t
27.40
-3.27
p
0.0001
0.0021
R2 (adjusted) = 11.53%.

A, B, C, D, E and F respectively (Table 1). The total serum
cholesterol data when subjected to analysis of variance
revealed significant differences among the groups.
Minimum total serum cholesterol was recorded in group E
(101.67 mg/dl) as compared to the control (120.40 mg/dl).
There was a decreasing trend in total serum cholesterol in
response to increasing level of Berberis lycium upto 2.0%.
However, total serum cholesterol was increased when the
level of Berberis lycium was increased to 2.5% in group F.
Level of Berberis lyciun was found significantly and
negatively associated with serum total cholesterol (b = 7.81±244; Table 2). The findings suggested that one percent
increase in the level of Berberis lycium resulted a decrease
of 7.81 mg/dl in serum total cholesterol. Total cholesterol
had a significant (p<0.05) positive correlation with LDL
cholesterol (Table 5). This indicated that the level of serum
LDL increased as serum total cholesterol increased. As
evident from the observations recorded in Table 1, addition
of Berberis lycium at 2.0% resulted in minimum total serum
cholesterol (101.67 mg/dl).
Berberis species have been reported to have hypotensive
properties. Berbamine, an alkaloid isolated from Berberis
lycium, produced a significant decrease in the mean arterial
blood pressure and the amplitude of cardiac contractions in
cats in 5 and 10 mg/kg doses. Doses ranging from 0.125 to
1 mg of berbamine significantly reduced the amplitude of
contractions of the isolated rabbit heart. The perfusate

collected from the rat hindquarter preparations after
injection of 5 mg doses of berbamine produced a marked
contraction of the isolated guinea pig ileum preparation
which was antagonized by dimetane maleate. On the basis
of these observations it was suggested that berbamine
produces its hypotensive effects due to its direct depressant
action on the myocardium and release of histamine from the
tissues (Khan et al., 1969). Administration of Berberis
vulgarus fruit extract (0.05-1 mg/100 mg body weight of
rats) significantly reduced the mean arterial blood pressure
and heart rate in anaesthetized normotensive and
desoxycorticosteron acetate-induced hypertensive rats in
dose dependent manner (Fatehi at al., 2005).
Medicinal plants have decreased total serum cholesterol
in humans and animals. Roots of winter cherry (winthania
somnifera) significantly decreased blood serum cholesterol
in humans (Andallu et al., 2000). Allium victorialis
decreased serum total cholesterol in rabbits and mouse
(Kim et al., 2000). Ginger (zingiber officinale R.) reduced
serum and tissue cholesterol (Murugaiah et al., 1999).
Ocimum sanctum powder supplementation reduced serum
total cholesterol (Rai et al., 1997). Nigella sativa L. seeds
significantly lowered serum cholesterol (Hassanin and
Hassan, 1996). Chinese medicinal preparation (Hokoei-to)
reduced total cholesterol (Yokozawa et al., 1996). Avena
sativa reduces total serum cholesterol in rabbits (Juzwiak et
al., 1994).
Triglycerides
Mean serum triglyceride level per chick for the six
experimental groups A, B, C, D, E and F having 0, 0.5, 1.0,
1.5, 2.0 and 2.5% Berberis lycium was 60.00, 58.17, 58.00,
55.33, 50.17 and 48.50 mg/dl respectively (Table 1).
Minimum serum triglyceride level was recorded in group F
(48.50 mg/dl) as compared to the control (60.00 mg/dl).
There was a decreasing trend in serum triglyceride level in
response to increasing level of Berberis lycium. Level of
Berberis lyciun was found significantly and negatively
associated with serum triglyceride (b = -4.81±1.47; Table 3).
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Table 3. Prediction of reduction in serum triglyceride in broilers
from percent Berberis lycium in the feed
Response variable (X0) = Reduction in the serum triglyceride
Regressor:
X1 = Percent of Berberis lycium in the feed
Estimates
b0
b1
Parameter estimate
61.04
-4.81
2.23
1.47
±SE
t
27.40
-3.27
p
0.0001
0.0017
R2 (adjusted) = 12.00%

Table 4. Prediction of reduction in serum LDL cholesterol in
broilers from percent Berberis lycium in the feed
Response variable (X0) = Reduction in the serum LDL cholesterol
Regressor:
X1 = Percent of Berberis lycium in the feed
Estimates
b0
b1
Parameter estimate
58.82
-9.27
3.91
2.58
±SE
t
15.04
-3.59
p
0.0001
0.0006
R2 (adjusted) = 14.33%

Table 5. Pearson’s correlation between serum lipids in broiler
chicks fed different levels of Berberis lycium
Total
HDL
TGR
LDL
cholesterol
Total cholesterol
1.00
0.313
0.162
0.663
0.00
0.008
0.175
0.0001
HDL
1.000
-0.060
-0.497
0.00
0.620
0.0001
TGR
1.000
0.0850
0.00
0.478
LDL
1.000
0.00
HDL = High density lipoprotein, TGR = Triglyceride, LDL = Low density
lipoprotein.

statically non significant yet apparent HDL was quite high
in group E (62.92 mg/dl) as compared to the control (52.08
mg/dl). There was an increasing trend in serum HDL in
response to increasing level of Berberis lycium upto 2.0%.
However, serum HDL was drastically decreased when the
level of Berberis lycium was increased to 2.5% in group F.
HDL had significant (p<0.05) negative correlation with
triglyceride and LDL cholesterol (Table 5). This indicated
that the level of serum triglyceride and LDL decreased as
serum HDL increased. As evident from the observations
recorded in Table 1, addition of Berberis lycium at 2.0%
resulted in maximum serum HDL (62.92 mg/dl).
Medicinal plants have increased HDL cholesterol in
humans and animals. Ginger (zingiber officinale R.)
increased HDL (Murugaiah et al., 1999). Chinese medicinal
preparation (Hokoei-to) increased HDL cholesterol
(Yokozawa et al., 1996). Avena sativa increased HDL
cholesterol in rabbits (Juzwiak et al., 1994). Curcuma
xanthorrhiza increased serum HDL cholesterol (Yasni et al.,
1993).
Effect of Lacquer (Rhus verniciflua) Supplementation
on Growth Performance, Nutrient Digestibility, Carcass
Traits and Serum Profile of Broiler Chicken was studied
(Lohakare et al., 2006). The serum cholesterol and HDL
showed a linear decrease as the level of supplementation
increased at 3 wk; at 5 wk serum cholesterol, HDL and
triglyceride levels decreased significantly showing a
positive linear effect of lacquer on fat metabolism.

The findings suggested that one percent increase in the level
of Berberis lycium resulted a decrease of 4.81 mg/dl in
serum triglyceride. As evident from the observations
recorded in Table 1, addition of Berberis lycium at 2.5%
resulted in minimum serum triglyceride level (48.50 mg/dl).
Both clinical trials and animal research have indicated
that berberine administration prevented ischemiainduced
ventricular tachyarrhythmia, stimulated cardiac contractility,
and lowered peripheral vascular resistance and blood
pressure (Chun et al., 1978) (Marin-Neto et al., 1988).
Herbs and medicinal plants have an effect on serum
triglycerides in humans and animals. Roots of winter cherry
(winthania somnifera) significantly decreased blood serum
triglycerides in humans (Andallu et al., 2000). Allium
victorialis decreased serum total triglycerides in rabbits and
mouse (Kim et al., 2000). Ginger (zingiber officinale R.)
reduced serum and tissue triglycerides (Murugaiah et al.,
1999). Ocimum sanctum powder supplementation reduced
serum triglycerides (Rai et al., 1997). Curcuma xanthorrhiza
reduced serum triglycerides (Yasni et al., 1993).
Effects of alpha-galactosidase (GAL) on broiler cornLow density lipoprotein (LDL) cholesterol
soybean meal diet was investigated (Wang et al., 2005). On
Average serum LDL cholesterol per chick was 65.25,
d 21, triglycerides level of broilers showed interaction
55.45, 44.48, 39.68, 28.72 and 49.80 mg/dl for group A, B,
between energy and enzyme levels (p<0.05).
C, D, E and F respectively (Table 1). The serum LDL data
when subjected to analysis of variance revealed significant
High density lipoprotein (HDL) cholesterol
differences among the groups. Minimum serum LDL was
Mean HDL cholesterol per chick for the six
recorded in group E (28.72 mg/dl) as compared to the
experimental groups A, B, C, D, E and F having 0, 0.5, 1.0,
control (65.72 mg/dl). There was a decreasing trend in
1.5, 2.0 and 2.5% Berberis lycium was 52.08, 53.42, 60.42,
serum LDL in response to increasing level of Berberis
62.25, 62.92 and 54.50 mg/dl respectively (Table1). Though
lycium upto 2.0%. However, serum LDL was increased
the differences in serum high density lipoprotein were
when the level of Berberis lycium was increased to 2.5% in
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Table 6. Economics of broiler chicks feed different levels of Berberis lyceum
Group
Parameters
A
B
C
D
(0%B.lycium)

Feed cost
/chick (Rs.)
Gross return
/chick (Rs.)

E

F

F value

P value

(0.5%B.lycium) (1.0%B.lycium) (1.5%B.lycium) (2.0%B.lycium) (2.5%B.lycium)

37.9

40.7

39.5

40.7

39.7

42.2

1.42

0.2648

88.3

89.2

87.0

88.6

92.1

87.0

1.73

0.1792

B.lycium = Berberis lyceum.

group F. Level of Berberis lyciun was significantly and
negatively associated with serum LDL cholesterol (b =
-9.27±2.57; Table 4). The findings suggested that one
percent increase in the level of Berberis lycium resulted a
decrease of 9.27 mg/dl in serum LDL cholesterol. As
evident from the observations recorded in Table 1, addition
of Berberis lycium at 2.0% resulted in minimum serum
LDL (28.72 mg/dl).
Medicinal plants have an effect on low density
lipoprotein in humans and animals. Roots of winter cherry
(winthania somnifera) significantly decreased blood serum
LDL and VLDL in humans (Andallu et al., 2000). Allium
victorialis decreased serum LDL cholesterol in rabbits and
mouse (Kim et al., 2000). Ginger (zingiber officinale R.)
reduced serum and tissue LDL cholesterol (Murugaiah et al.,
1999). Ocimum sanctum powder supplementation reduced
serum LDL and VLDL cholesterol (Rai et al., 1997).
Chinese medicinal preparation (Hokoei-to) reduced LDL
cholesterol (Yokozawa et al., 1996).
Broiler performance is affected by various plant extracts.
Cau et al. (2005) suggested that green tea Polyphenols
(GTP) and Fructo-oligosaccharides (FOS) in semi-purified
diets can decrease mortality and change the caecal colonic
flora population, but GTP shows antibiotic-like effects of
non-selectively decreasing all colonic flora and then
metabolites, and FOS acts selectively by increasing
profitable microflora and decreasing production of caecal
microflora metabolites besides volatile fatty acids.
Economics of exprimental rations
The average cost of feed per chick was Rs.37.9, 40.7,
39.5, 40.7, 39.7 and 42.2 for treatment A, B, C, D, E and F
respectively (Table 6, US$1 = Rs.61). Gross return per
chick was Rs.88.3, 89.2, 87.04, 88.6, 92.1 and 87.0 for
treatment A, B, C, D, E and F respectively. Maximum
return of Rs.92.1 per chick was recorded in group E. As
evident from the findings there was an increase of Rs.3.81
per chick, amounting to a significant amount of Rs.3,810
per 1,000 boilers in group E as compared to the control. The
higher return in group E is due to the optimal level of
Berberis lycium (2.0%) in the ration, resulting in efficient
feed utilization.
Broiler industry is one of the major livestock resources
of Pakistan with tremendous potentials for support to the

national economy (Quresh et al., 2002). Production of
broiler meat with lower cholesterol would provide technical
boost to this industry.
REFERENCES
Allain, C. C., L. S. Poon, C. S. G. Chon, U. Riehmond and P. C. Fu.
1974. Enzymatic determination of total serum cholesterol. Clin.
Chem. 20:470-475.
Andallu, B. and B. Radhika. 2000. Hypoglycemic, diuretic and
hypocholesterolemic effect of winter cherry (Withania
somnifera, Dunal) root. Ind. J. Expe. Bio. 38:607-609.
Birdsall, T. C. and G. S. Kelly. 1997. Berberine: Therapeutic
potential of an alkaloid found in several medicinal plants.
Altern. Med. Rev. 2:94-103.
Cao, B. H., Y. Karasawa and Y. M. Guo. 2005. Effects of Green
Tea Polyphenols and Fructo-oligosaccharides in Semi-purified
Diets on Broilers Performance and Caecal Microflora and
Their Metabolites. Asian-Aust. J. Anim. Sci. 18(1):85-89.
Carol, J. W. S. and F. C. Merrily. 1984. Nutrition principles and
application in health promotion. 2nd. (Ed. J. B. Lippincott)
company. pp. 62 and 501-502.
Chand, N., F. R. Durrani, M. A. Mian and Z. Durrani. 2005. Effect
of different levels of feed added Berberis lyceum on the
performance of broiler chicks. Int. J. Biol. Biotech. 2(4):971974.
Chopra, R. N., S. L. Nayar and I. C. Chopray. 1998. Glossary of
Indian medicinal plants. The wealth of India raw material.
2:114-115.
Chun, Y. T., T. T.Yip, K. L. Lau and Y. C. Kong. 1978. A
biochemical study on the hypotensive effect of berberine in
rats. Gen. Pharmac. 10:177-182.
Fatehi, M., T. M. Saleh, F. Zahra, F. Khadige, J. Mustafa and D.
Samaneh. 2005. A pharmacological study on Berberis vulgaris
fruit extract. J. Ethnopharm. 102(1):46-52.
Hussanin, N. I. and F. M. Hassan. 1996. A preliminary study on
the effect of Nigella sativa L. seeds on hypoglycemia. Vet.
Med. J. Giza. 44:699-708.
Juzwiak, S., J. Wojcicki, S. Tustanowski, B. Gonet, M. Kaldonska,
W. Gornik, Z. Juzyszyn, M. Ceglecka, Z. Mysliwiec, P.
Gorecki, A. Mscisz and E. K. Segiet. 1994. Effect of a simple
oats chaff extract (Avena sativa L.) on the development of
experimental atherosclerosis in rabbits. Herba-Polonica. 40:5058.
Khan, A. 2001. M.Phil thesis on Ethno botanical potential,
Phytosociology and Conservation status of Mount Elum,
Buner, Pakistan.
Khan, I., A. Qayum and Z. Qureshi. 1969. Study of the
hypotensive action of berbamine, an alkaloid isolated from

568

Chand et al. (2007) Asian-Aust. J. Anim. Sci. 20(4):563-568

Berberis lycium. Life Sci. 8(17):993-1001.
Khare, C. P. 2004. Indian Herbal Remedies, Springer, New York,
98-100.
Khosla, P. K., V. I. Neeraj, S. K. Gupta and G. Satpathy. 1992.
Berberine, a potential drug for trachoma. Rev. Int. Trach.
Pathol. Ocul. Trop. Subtrop. Sante. Publique. 69:147-165.
Kim, T. G., S. H. Kim, S. Y. Kang, K. K. Jung, D. H. Choi, Y. B.
Park, J. H. Ryu and H. M. Han. 2000. Antiatherogenic effect of
the extract of Allium victorialis on the experimental
atherosclerosis in the rabbit and transgenic mouse. Kor. J.
Pharm. 31:149-156.
Lopes-Virella, M. F., P. Stone, S. Ellis and A. J. Coldwell. 1997.
Cholesterol determinations in high density lipoproteins
separated by three methods. Clin. Chem. 23:882-884.
Lohakare, J. D., Jin Zheng, J. H. Yun and B. J. Chae. 2006. Effect
of Lacquer (Rhus verniciflua) Supplementation on Growth
Performance, Nutrient Digestibility, Carcass Traits and Serum
Profile of Broiler Chickens. Asian-Aust. J. Anim. Sci.
19(3):418-424.
Marin-Neto, J. A., B. C. Maciel, A. L. Secches and L. Gallo. 1988.
Cardiovascular effects of berberine in patients with severe
congestive heart failure. Clin. Cardiol. 11:253-260.
Murugaiah, J. S., N. Nalini, V. P. Menon and N. Namasivayam.
1999. Effect of ginger (Zingiber officinale R.) on lipids in rats
fed atherogenic diet. J. Clin. Bio. Nutr. 27:79-87.
Nadkarni, K. M. 1988. Wealth of India. Indi. J. Indig. Med. 189193.
Qureshi, M. S., G. Habib, H. A. Samad, M. M. Siddiqui, N. Ahmad
and M. Syed. 2002. Reproduction-nutrition relationship in
dairy buffaloes. I. Effect of intake of protein, energy and blood
metabolites levels. Asian-Aust. J. Anim. Sci. 15(3):330-339.
Rai, V., U. V. Mani and U. M. Iyer. 1997. Effect of Ocimum
sanctum leaf powder on blood lipoproteins, glycated proteins
and total amino acids in patients with non-insulin-dependent
diabetes mellitus. J. Nut. Env. Med. 7:113-118.

Saeed, M. 1976. Dehati moalig. 2nd ed. Hamd. Found. Pak. pp.
246-247.
SAS Institute. 1998. SAS User’s Guide: Statistics. SAS Institute,
Inc., Cary, NC.
Steel, R. G. D. and J. H. Torrie. 1981. Principles and procedures of
statistics: A biometrical approach. 2nd. (Ed. McGraw-Hill),
Singapore.
Shamsa, F., A. Ahmad and R. Khosrokhavar. 1999. Antihistamine
and anticholinergic activity of berbery fruit (Berberis Lycium)
in the Guinea Pig ilium. J. Ethpharm. 64:161-164.
Wang, C. L., W. Q. Lu, D. F. Li and J. J. Xing. 2005. Effects of
Alpha-galactosidase Supplementation to Corn-soybean Meal
Diets on Nutrient Utilization, Performance, Serum Indices and
Organ Weight in Broilers. Asian-Aust. J. Anim. Sci. 18(12):
1761-1768.
Werner, M., D. G. Gabrielson and G. Eastman. 1981.
Ultramicrodeterminations of serum triglycerides by
bioluminescent assay. Clin. Chem. 21:268-271.
Wonnacott, R. J. and T. H. Wonnacott. 1985. Introductory statistics.
4th (Ed. John Wiley and sons), New York. pp. 424-450.
Yasni, S., K. Imaizumi, M. Nakamura, J. Aimoto and M. Sugano.
1993. Effects of Curcuma xanthorrhiza Roxb. and
curcuminoids on the level of serum and liver lipids, serum
apolipoprotein A-I and lipogenic enzymes in rats. Food. Chem.
Toxico. 31:213-218.
Yokozawa, T., A. Tsuji, M. Hattori, H. Oura, T. Kaji, Y. Fujiwara,
K. Wakaki, F. Koizumi and M. Shimizu. 1996. Effect of a
Chinese medical preparation, Hokoei-to, on lipids in blood and
involvement of cells of vascular origin. Phytotherapy-Research.
10:224-227.
Zaidi, S. H., H. Shah and S. Irfanulla. 2001. Possibilities of
cultivation of profitable drug plant species in the Hilkot
watershed areas. Pak. Forest Institute, Peshawar. pp. 1-25.

