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Abstract: The main objectives of the present study were to determine the
effects of administration of essential phospholipids (EPL) on lipids and
cholesterol content of egg-yolk One hundred and twenty, 36-week-old
Gimmizah laying hens were randomly distributed into three equal groups and
maintained in mdzwdual laying cages, throughout 16 weeks of the experiment.
Hens of the 2™ and 3™ group were injected subcutaneous with EPL twice a
week at doses of 150 and 300 mg/kg BW, respectively, while the 1¥ group was
infected with ethanol and served as control. Treatments continued for 12 weeks
(from 36 to 48 weeks of age). Results showed that
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Injection of 300 mg EPL caused a significant decrease in serum total
lipids allover treatment period.

Injection of EPL significantly decreased serum, cholesterol and
triglyceride but significantly increased HDL. -

Injection of 300 mg EPL was significantly decreased, serum calcium at
44 wks of age while GOT was significantly decreased at 44 and 48 wks
of age, due to EPL injection.

High dose of EPL was more pronounced to reduce lipids and cholesterol
in both yolk and liver. '
Hatchability and abdominal fat were significantly reduced as affected by
EPL injection, while, there was an increase in gall bladder volume.

Egg weight was significantly increased allover treatment period as a
result of infection 300 mg EPL/kg BW, whereas body weight was only
increased at 44 and 48 wks of age.

At 40 wks of age, injection of EPL significantly increased egg number,
egg production (%) and albumen weight percentage. This effect was
disappeared after this period.

It was concluded that EPL injection to laying hens reduced total lipids
and cholesterol in serum, egg yolk and liver especially high dose of EPL
moreover, EPL injection had no adverse effects on layer performance
except in hatchability trait.
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INTRODUCTION

Consumers have become increasingly aware of the nutritional value
of the food they purchase, and the relatively high cholesterol content of eggs
is of primary concern due to the association in epidemiological studies of
elevated plasma cholesterol concentrations with coronary artery disease
(Pekkanen er al., 1992). Although the role of dietary cholesterol in heart
disease is subject to considerable debate, consumer interest in meeting the
American Heart Association’s (1986) recommendation that people consume
less than 300 mg cholesterol/day necessitates reduced egg consumption.

Egg cholesterol is synthesized in the liver of laying hens and
transported in plasma, where uptake into the developing follicles occurs by
a receptor-mediated process (Nimpf and Schneider, 1991). To reduce the
amount of cholesterol available for yolk deposition, many previous attempts
to lower the cholesterol content of egg focused on limiting hepatic
cholesterol synthesis. Several pharmaceuticals developed for reducing
human plasma cholesterol have been tested for their ability to reduce egg
cholesterol such as Probucol® {(Waldroup et al., 1986), Lovastatin® (Elkin
and Rogler, 1990) and Triparanol® (Dam er al.1979).

“Essential” phospholipids (EPL) is a highly purified hosphatidylcholine
fraction isolated from soybeans, the substance is particularly rich in
polyunsaturated fatty acids, with linoleic acid accounting for approximately
70% (Lekim and Betzing, 1974). EPL which is suppose to increase cholesterol
catabolism and excretion in chickens (Leuschner et al., 1976). Moreover, EPL
has been reported to reduce egg cholesterol and lipids concentrations
(Szymezyk and Pisulewski, 2003; El-Sheikh, 2005). The animal studies (rat,
mouse, rabbit, cockerel, miniping and rhesus monkey) on the pharmacology of
EPL, the compound has been administered orally, intravenously,
subcutaneously, intracardially or intraperitoneally to evaluate its effect on lipid
metabolism (Gundermann and Schneider, 1990). They added that, the level of
initial values, the route of administration, EPL dosage and duration of treatment
seem to be the main determinants for the slope of serum cholesterol reduction.
The high cost of most pharmaceuticals used in the treatment of patients with
hypercholesterolemia currently limits the use of these drugs for investigating
their efficacy in Jowering egg cholesterol. Because EPL is readily available at
reasonable cost, it was hypothesized that this compound may prove useful for
this study to know effect of EPL injection as hypocholesterolemic
pharmaceuticals on lowering egg yolk cholesterol and total lipids.
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MATERIALS AND METHODS

This study was conducted at the El-Sabahia Poultry Research Station
(Alexandria), Animal Production Research Institute, Agricultural Research
Center, Ministry of Agriculiure. One hundred and twenty, 36-weeks-old
Gimmizah laying hens were used in this study. The hens were divided
randomly into three equal groups. Hens of the 2™ and 3™ group were injected
subcutaneously twice a week by 0.2 ml ethano! EPL solution to provide 150
and 300 mg EPL/kg body weight, respectively, while hens of the 1% group was
injected with 0.2 ethanol and served as control. EPL was injected for 12
weeks from 36 to 48 weeks of age and the injection was stopped for 4 weeks
from 49 to 52 weeks of age (recovery period), then the experiment was
terminated. All birds were housed individually in layer cages. The feed was
ad-libitum on a layer diet containing 16.2% crude protein, 2900 kcal.
ME./kg. of diet. The chemical analysis of experimental diet indicated that
the diet contents of ether extract, Ash, calcium and crude fiber were 3.9%,
13.5%, 3.6% and 4.3%, respectively. Water was provided all the time
throughout the experimental period and the birds were exposed to 14 hours
light daily.

At 40, 44, 48 and 52 wks of age, blood samples were collected
through branchial veins from five birds in each group and centrifuged at 3000
r.p.m. for 10 min. to separate serum samples which were stored at  -20°C
until assay. Serum total lipids, total cholesterol, triglyceride, HDL, calcium,
GOT and GPT were determined using available Commercial kits. Also five
eggs were taken from each group (at the time of blood sampling) for egg
quality measurements and determination of total lipids and total cholesterol in
egg yolk extract. Averages of body weight (g), feed intake (g/hen/day), egg
weight (g), egg number (egg/hen/4 weeks) and egg production (%) were
calculated during the same period.

At 48 and 52 wks of age, three birds from each group were taken
randomly for slaughter test, weights of liver, ovary, oviduct and abdominal fat
were recorded to the nearest gram and their weights as a percentages of live
body weight were calculated. Length of oviduct (¢cm). and gall bladder volume
(ml) were also recorded. Samples of liver were frozen at -20°C until the
determination of lipids and cholesterol in liver extract according to Washbum
and Nix (1974). At 48 and 52 wks of age hens were artificially inseminated
using 50 pL. of pooled semen for each experimental group to calculate fertility
and hatchability percentages, also chicks at hatching, day were weighed per
experimental group.
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Statistical analysis of data were subjected to the ANOVA using SAS
software (SAS, 1990), when significant differences were found, means were
compared using Duncan’s multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION
Physiological Traits
1. Serum Constituents

As expected, administration of 300 mg EPL/kg BW caused a
significant (P<0.01) decreased by 26.4, 21.8 and 18.8% in serum total lipids
at 40, 44 and 48 wks of age, respectively. Injection of EPL was significantly
(P<0.01) decreased serum cholesterol and triglyceride at 40, 44 and 48 wks
of age (Table 1). When injection high level of EPL, the reduction of
cholesterol was about 31.7, 32.6 and 33.9%, while the reduction was about
24.6, 25.5 and 29.5% in triglyceride at 40, 44 and 48 wks of age,
respectively. These reductions were greater than these observed by El-
Sheikh (2005) who found that addition of EPL to the laying diet caused a
significant decrease by 9.8, 7.7 and 11.7 in total lipids, cholesterol and
triglyceride, respectively at 52 weeks of age.

On the other hand, the injection of EPL was significantly (P<0.01)
increased serum HDL allover treatment period. Henriksen et al., (1979)
showed that HDL suppress LDL-binding to smooth muscle cells and inhibit
the proliferation of smooth muscle cells into the media of arterial vessels
thus weakening the damaging effect of LDL cholesterol on the endothelium.
Consequently, any drug therapy is aimed at enlarging the HDL capacity for
cholesterol uptake from LDL and the vascular wall, so that serum LDL
cholesterol as well as total cholesterol are reduced and an accumulation of
cholesterol in the vascular wall is prevented. This increase in serum HDL
was in agreement with EL-Sheikh (2005).

Administration of 300 mg EPL/Kg BW significantly (P<0.01)
decreased serum calcium (at 44 wks of age), while GOT was significantly
(P<0.01) decreased due to EPL injection (at 44 and 48 wks of age). Sloan ef
al., (1994) reported that a high positive correlation between plasma Ca and
plasma cholesterol.

No significant differences were obtained in G™T throughout the
experimental period. This result agree with El-Sheikh (. J05) who indicated
that no significant differences were found in serum GP1 ‘vhen hens fed diet
with 300 mg and 1500 mg EPL/kg diet.
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2. Egg Yolk Lipids

Egg yolk lipids and cholesterol significantly decreased (P<0.01) in
response to EPL injection especially high dose of EPL allover treatment
period but this effect was disappeared in recoverey period (Table 3). At 48
wks of age the highest reduction in egg yolk lipids and cholesterol was
observed with 300 mg EPL (19.5 and 30.9% respectively). These results are
in agreement with Naber e/ a/., (1982) who found that egg volk cholesterol
contertt is reduced by 5% with the 10% dietary level of Probucol. Similar
results were observed by Waldroup ef al, {(1986) who showed that dietary
concentration of 1% Probucol significantly reduced yolk cholesterol within
2 weeks by 7% after feeding. El-Sheikh (2005) showed that addition of
essential phospholipids (EPL) to the laying diet caused a significant
decrease in egg yolk cholesterol and lipids by 18.4 and 5.3% respectively.

3. Liver Lipids

A significant decrease in liver lipids and cholesterol (P<0.01) was
observed in hens administration with EPL at 48 wks of age where,
administration 300 mg of EPL was achieved the highest reduction in liver lipids
and cholesterol by about 13.6 and 38.9%, respectively. There were no
significant differences among treatments in liver lipids and cholesterol at
recovery period (Table 4). These results are in agreement with Naber er al,
(1982) who found that Propucol reduced total liver lipogenesis as measured by
incorporation of l4C-acetate by surviving liver slices. An et al, (1997)
demonstrated that liver cholesterol and triglyceride contents were significantly
decreased as affected by dietary safflower phospholipids.

4. Fertility and Hatchability

Regarding fertility, hatchability and hatched chick weight, it was
observed that the injection of EPL did not impair fertility and hatched chick
weight but significantly (P<0.05) reduced hatchability percentage about 12.4
and 12.9% due to the injection of 150 and 300 mg EPL/kg BW, respectively
at 48 wks of age. (Table 3). On the other hand, EPL had no effect on
hatchability during recovery period. Likewise, El-Sheikh (2005) indicated
that dietary EPL significantly reduced hatchability but did not affect fertility
and hatched chick weight.

5. Internal Organs

EPL injection had no effect on relative weights of liver, ovary,
oviduct and oviduct length although was significantly decreased (P<0.01)
abdominal fat percentage but significantly increased gall bladder volume at
48 wks of age (Table 6). No effects were observed in recoverey period as a
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result of EPL injection. These observations are in accordance with those of
El-Sheikh (2005) who showed that addition of EPL to the diet of Gimmizah
and Bandarah hen had no significant effects on relative weights of liver,
ovary, oviduct and oviduct length. Although this hypocholesterolemic agent
decreased significantly abdominal fat percentage and increased bile content
of gall bladder.

Sim and Bragg (1977) reported that the anti-cholesterogenic function
of plant sterols in laying hens is due to an influence on cholesterol
catabolism rather than cholesterol absorption. This factor appears to
increase the degradation followed by excretion of degraded cholesterol in
feces as bile acid a neutral sterol metabolites.

Productive Traits
1. Body Weight and Feed Intake

Body weight was significantly increased (P<0.01) as influenced by
EPL injection at 44 and 48 wks of age (Table 7). This finding disagree with_
Waldroup er al, (1986) and El-Sheikh (2005) were they found that the
hypocholesterolemic agent had no effect on hens body weight. Whereas,
Vargas and Naber (1984) reported that body weight and feed intake were
negatively correlated with egg cholesterol concentration when the hens
consumed less than 110 g of feed/day.

Feed intake was not affected by EPL injections. This supports the
findings of Zhao and Scheidele, (1999) and Szymezyk and Pisulewski (2003)
they concluded that dietary linolenic acid had no significant effect on feed
consumption

2. Egg Production

Egg weight was significantly increased (P<0.01) throughout
treatment period as response to the injection of 300 mg EPL/kg BW (Table
7). These results agree with those of Scragg er al,, (1987) who observed an
increase in mean of egg weight with linoleic acid concentrations up to
2.33% in the diet. Also, some authors (Sell er al., 1987; Keshavarz and
Nakajima, 1995) have observed that the addition of fat to diets containing a
concentration of linoleic acid above NRC (1994) requirements (1.0%)
increased egg weight.

Injection of EPL had no significant effects on egg number and egg
production % except at 40 wks of age. Where egg number and egg
production % increased significantly (P<0.01) as a result of EPL
administration. This increment may be because of egg yolk cholesterol
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concentration was inversely correlated with rate of egg production as
suggested with Vargas and Naber, (1984). Also, anther study has indicated
that a minimal level of cholesterol was required for maimenance of maximal
egg production (Sutton et al., 1984). However, Zhao and Scheidele (1999)
stated that dietary linolenic acid had no significant effect on egg production.

3. Egg Quality

EPL had no significant effect on egg quality except in albumen weight
percentage and yolk index at 40 and 48 wks of age, respectively. Although
EPL caused significant increase (P<0.05) in albumen weight percentage but
300 mg EPL/kg BW significantly reduced (P<0.05) yolk index (Table 8 and
9). Whitehead et al., (1993) observed that egg albumen was increased in
young (<30 wk) and old (>46 wk) hens and that the improvement in egg
weight in the old hens was primarily due to an increase in albumen. Also,
they added that, dietary fatty acids may increase egg weight by stimulating
the synthesis of oviducal proteins, a mechanism that is different from that
causing the age-related increase in weight. Furthermore, Zhao and Scheidele
{1999) found that eggs from dietary linolenic acid had significantly higher
albumen percentage weight than egg from control diets.

The reduction in yolk index may be due to the increase of yolk size.
Nichols ef al., (1963), indicated that egg yolk size have been observed to be
inversely related to cholesterol concentration. Increase dietary linoleic acid
levels were paralled with the greater yolk size of the egg yolks (March,
1989).

Table (1): Effect of essential phospholipids (EPL) administration on serum
total lipids, cholesterol, triglyceride and HDL at different

periods.
Age Treatments Total lipids Cholesterol Triglyceride HDL
(weeks) (g/d}) (mg/di) (mg/dl) (mg/dL)
Control 6.7040.32° 190.33+18.05" | 325.43+765° | 26.500.03°
40 130 mg EPL/kg BW 54340 58™ 135.0028.66° | 209.4327.40° | 32.13+0.90
300 mg EPL/kg BW 4.93+0.12" 130.00£7.64" | 245234515 | 33.1310.35"
Control 7034017 188.5545.78" | 326.00+3 80" | 26.33:£0.32°
44 150 mg EPL/kg BW 6.03+0.19° 139.00+12.34° | 292.73+6.47° | 32.512036*
300 mg EP1/kg BW 5.500.32° 127.00423.01° | 242.93+654° | 32.6020.55°
Control 7.1120.30° 192.6749.49* | 329.67+4.88" | 27.73+0.46"
48 150 mg EPL/&g BW 6.1310.25* 131.33£15.38° | 292.6046.67° | 32.87+043°
300 mg EPL/kg BW 3.7740.43% 1273341588 | 232.3748.32° | 32.830.58"
52 Control 7200 21 199.33+30.02 | 331.804.71 27 6710.41
(Recover | 150 mg EPL/kg BW 7.16:0.28 190.30+12.17 | 333.50+2.68 | 28571054
yperiod) {7300 mg EPL/kg BW 7.43+0.49 203.01+30.00 | 3349714 61 28 430,39

a,b,c = Means having different letters within each column are significantly different (P<0.05).
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Table (2): Effect of essential phospholipids (EPL) administration on serum

calcium, GOT and GPT at different periods.

Age Calcium GOT GPT

(wcgkﬂ Treatments {mg/dL) (UmL) (U/ml.)
Control 14.60+080 | 46.67+0.88 12.3340.15
40 150 mg FPL’kg BW 1587+1.62 | 51.0043.06 12.2740.44
300 mg EPL/kg BW 169740.52 | 35033437 12.2310.39
Coniral 18.93+1.09° | 53.6743.77" | 12.40+0.40
44 150 mg EPL/kg BW [ 18.07:0.87 | 48.330.33% | 13.3310.75
300 mg EPL/kg BW 12.2741.38° | 45.00+0.58° |  12.1030.23
Controt 16.87+1.72 | 54.6733.28" | 11.700.29
48 150 mg EPL/kg BW 14.6741.28 | 48.00+0.58° |  12.23%0.55
300 mg EPL/kg BW 13.13£0.94 | 4533+145° | 1143034
52 Control 18.77+1.34 50.67+5.17 11.83+0.30
{Recovery [ 150 mg EPL/kg BW 1830+2.00 | 52.3314.63 12.3310.55
period) 7300 mg EPL/kg BW 18.1041.80 | 50.67+4.18 12.8040.26

a,b = Means having different letters within each column are significantly different (P<0.05).

Table (3): Effect of essential phospholipids (EPL) administration on egg

yolk total lipids and cholesterol at different pertods.

Age Treatments Total lipids Cholesterol
{weeks) _{g/g. yolk) tmp/g. yolk) ‘

Control 2.63+0.06" 12.67+0.80"

40 150 mg EPL/kg BW 2.39£0.07" 10.20+0.55°
300 mg EPL/kg BW 2.23+0.09° 8.8720.74"

Control 2.64+0.03" 12.7740.70°

44 150mg EPLkg BW. | 240005 1123035
300 mg EPL/kg BW 2.15+0.03° 9.07+0.86°

Control 2.6640.04" 12.7340.67"

ag 150 mg EPL/kg BW 2.42+0,06° 10,93+0.84%
300 mg EPL/kg BW 2.14+0.03° 8 80+0.35°

52 Control 2.67+0.03 13.4310.86
{Recovery 150 mg EPL/kg BW 2.68+0.05 12.1740.82
period) 300 mg EPL/kg BW 2.68+0.04 12.33+0.76

a,b,c = Means having different letters within each column are significantly different (P<0.05).
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Table (4): Effect of essential phospholipids (EPL) administration on liver
total lipids and cholestero).

Age Treatments Total I_ipids Cholest_ero!
(weeks) {g/e. liver) {mg/p. liver)
Control 4.7210.05° 3.9320.19°
48 150 mg EPL/kg BW 4.38£0.03" 2.60£0.32"
300 mg EPL/kg BW 4.08+0.05° 2.40£0.17°
52 Control 3.67+0.24 3.33+0.34
(Recovery 150 mg EPL/kg BW 3.100.15 2.9740.43
period) 300 mg EPL/kg BW 3.0020.2) 2.70+0.25

a,b,c = Means having different letters within each column are significantly different (P<0.05).

Table (5): Effect of essential phospholipids (EPL) administration on
fertility, hatchability and chick hatching weight.

Age Fertili Hatchabili Chick hatchin

_Qvegks} Tizatments (%)_ty (%) tY weight (g) &

Control 89.0+2.52 91.043.06" 39.4+0.50

48 150 mg EPL/kg BW | 89.741.20 | 79.7+2.91® 38.540.53

300 mg EPL/kg BW 89.342.33 79.3+2.33° 39.0:0.42

52 Control 89.7+2.40 90.743 .93 40.04+0.42

(Recovery 150 mg EPL/kg BW 89.342.33 91.0+3.06 39.440.47

period)
300 mg EPL/kg BW 90.0+1.15 91.3%1.86 39.9+0.44

a,b = Means having different letters within each column are significantly different (P<0.05).
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Table (6): Effect of essential phospholipids (EPL) administration on some internal organs measurements.

Age Liver Ovary Oviduct Oviduct Abdominal Gall bladder
{weeks) Treatments weight weight weight length fat weight volume
(%) (%) {%) (Cm) (%) {mt.)
Control 2.3340.13 | 0.200.01 1.84+0.14 { 63.30+2.91 1 3.65:0.42° 0.6110.04°
48 150 mg EPL/kg BW 2274024 | 0.402009 | 2404017 { 2730£3.30 | 2.1520.24° 0.78+0.02°
300 mg EPL/kg BW 2.13:0.07 | 0.29:0.01 | 2.35:0.30 [ 62.80+0.60 [ 1.5420.18" 0.99+0.02°
52 Control 2.3710.45 | 0.34+0.06 § 2.733+0.21 54.3315.24 2.340.20 0.73+0.04
(Recovery perfod) | 150 mg EPL/kg BW 2.30£0.38 } 0.35+0.07 | 2.74+0.26 | 56.0013.61 2.30+0.24 0.7520.06
300 mg EPL/kg BW 2.23+043 | 0.25+0.03 | 2.44+0.17 | 56.67+3.53 2.80+0.69 0.70:0.03

ab,c = Means having different letters within each column are significantly different (P<0.05).

Table (7): Effect of essential phospholipids (EPL) administration on body weight (g), feed intake (g/hen/day),
egg weight {g), egg number (egg/hen/4weeks) and egg production % at different periods.

Age Treatments Bedy weight Feed intake | Epg weight Egg nunber Egg production

{weeks) &) {e/hen/day) g) {epg/hen/d weeks) %)

Control 1901.5£33.0 113.1¢1.6 | 54.6810.06° 17.28+0.45° 57.30:0.15°

40 150 mg EPL/kg BW 1960.3+39.8 114.5¢2.1 | 54.43+0.07° 19.73+0.39° 65.3011.20°

[ 300 mg EPL/kg BW 1979.5434.1 113.743.5 | 55.03+0.11° 19.75+0.44° 65.27+1.30*

Contral 1920.5230.1° 112.042.2 | 54.8020.14° 17.90+0.52 60.3621.70

44 | 150 mg EPL/kg BW 1968.8+32.4° 109.5¢3.4 | 54.40:0.19° 19.01+0.51 62,38+1.80

| 300 mg EPL/kg BW 2098.8+32.3" 108.7£2.9 | 56.0040.32" 19.1040.37 63.39+1.20

Control 1794.6433.5° 110.6£2.8 | 54.6210.49" 17.50+0.47 58.30+1.50

48 150 mg EPL/kg BW 1935.1431.4" 108.823.0 | 54.100.39" 18.40+0.58 61.26+1.80

300 mg EPL/kg BW 1970.3433.4" 108.0+3.3 | 55.60+0.49° 18.80+0.36 62.6011.20

52 Control 1805.7+33.4 t1i.143.1 54454055 18.1310.46 60.21+1.50

(Recovery 150 mg EPL/kg BW 1873.2228.1 112.244.3 53.8740.41 17.93+0.44 59.63+1.41

period) 300 g EPL/kg BW 1884.6£32.6 111.0£3.5 54.40+0.24 17.7010.52 58.9841.71

a,b,c = Means having different letters within each column are significantly different (P<0.05).
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Table (8): Effect of essential phospholipids (EPL) administration on
relative weight of albumin, yolk and shell and shell thickness

(mm).
Age Albumin Yolk weight Shell weight | Shell thickness
(woehs) Treatments weight (%) ey (%) e (mm)

Control 51.4240.46° | 34.64+049 13.9420,56 | 0.350:0.013

40 150 mg EPL/kg BW | 54.16+0.69° | 32.6410.64 13.20:0.64 0.350£0.011
300 mg EPL/kg BW | 54.68:0.59" [ 33.08+0.85 12.24+0.22 0.378+0.006

Control 53864221 | 32.5210.55 13.90:0.50 | 0.38040.017

44 150 mg EPL/kg BW | 53.3240.76 | 32.7830.55 13.62+0.58 0.360:0.012
300 mg EPLAg BW | 53.42+1.03 | 33.3630.61 13.2240.65 0.36040.025

Control 53.1840.33 | 32.740.63 14.08:+0.36 0.38+0.016

48 150 mg EPL/kg BW | 52.2241.54 | 33.2430.81 14.5420.79 0.3740.023

300 mg EPLkg BW | 51.66+1.72 | 34.48:0.90 13.8630.70 0.340.002

52 Control 54933136 | 31.80+1.00 13.270.66 0.37+0.086
(Recovery 150 mg EPL/kg BW | 53.60£1.23 32.7340.38 13.7741.07 0.3440.078
period) 300 mg EPL/kg BW 1 53.47+062 | 33.07+0.65 | 1346038 0.37:40.088

a,b = Means having different letters within each column are significantly different (P<0.05).

Table (9): Effect of essential phospholipids (EPL) administration on egg
shape indeXx, yolk index and haugh unit percentage.

Age shape Yolk index Haugh unit
(w ciks) Treatments Eigfex (22) %) Lgo %)

Contro] 75.74+1.58 45.0£1.5 90.8641.43

40 150 mg EPL/kg BW 75.6241.27 44.0+1.0 91.7440.33

300 mg EPL/kg BW 74.14+1.85 44.641.1 90.8241.29

Control 75.34+1.22 45.240.5 90.72+1.27

44 150 mg EPL/kg BW 75.6411.38 46.0+0.7 $7.8242.71

300 mg EPL/kg BW 76.60+0.49 43.820.6 $6.78x1.27

Control 77.5640.95 43.8+0.7" $9.1241.08

48 150 mg EPL/kg BW 74.1810.73 | 42.630.5% 85.2043.98

300 mg EPL/kg BW 76.70+1.50 41.4+0.2° 90.74£1.21

52 Control 74.0310.97 41,8104 $3.73+1.63

{Recovery 150 mg EPL/kg BW 76.70+1.28 41.640.6 £8.1040.40

period) 300 mg EPL/&kg BW 75.5341.73 42.410.8 £7.67+1.39

a,b = Means having different letters within each column are significantly different (P<0.05).
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