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Abstract: Ninety laying hens of Gimmizah local strain at 32 weeks of age
were used to study the effect of sorbitol on egg yolk cholesterol content and
lipid metabolism. All hens were divided randomly into three equal groups
(30 hens / group), the first group served as control and fed the commercial
layer diet only, while the second and third groups were fed the commercial
layer diet supplemented with 50 and 100 mg sorbitol / Kg of diet
respectively,

The results indicated that the addition of sorbitol to the Gimmizah
laying hen diets decreased (P = 0.01) egg yolk and liver cholesterol (CH)
and total lipid (TL) concentrations and serum triglyceride (TG), cholesterol
(CH) and low density lipoprotein (LDL). Moreover, addition high level of
sorbitol was increased (P < 0.01) serum high density lipoprotein (HDL)
concentration,whereas  serum  glucose (GLC), glutamic oxaloacetic
transaminase (GOT) and glutamic pyruvic transaminase (GPT) levels
remained unchanged by the dietary sorbitol compared with the control
group. Abdominal fat percentage was decreased (P < 0.01) when hens fed
diet supplemented with sorbitol. While, no significant differences in
excretion of bile volume of gall bladder and relative weights of liver, ovary
and oviduct and oviduct length were observed among groups during the
experimental period. Body weight, feed intake, egg weight and egg
production percentage were decreased (P < 0.01) especially with high level
of sorbitol compared with the contrql group. No significant differences were
detected in relative weights of yolk and albumin, egg shape index , yolk
index and Haugh unit score , except shell weight and shell thickness which
were decreased (P < 0.01) when hens fed diet supplemented with high level
of sorbitol compared with the control group during the later weeks of
production (38,42 and 46 weeks).



A.M.H.EI-Sheikh; AND Maysa M. Hanafy

INTRODUCTION

Egg yolk is one of the most concentrated sources of cholesterol in
human's diet. Patients with atherosclerosis and coronary heant diseases are
frequently avoided from consuming diets containing high cholesterol level
(Fricdman, 1968). The cholesterol in yolk (> 90% ) is present as free ( non
esterified ) cholesterol, this is synthesized in the liver of laying hens in response
lo estrogen stimulation and transported via blood to ovary, the lipoprotein
(along with other yolk precursors ) pass out of capillaries of the developing
follicles, then taken up into the oocyte by receptor-mediated endocytosis
(Griflin, 1990). The liver of laying hens exhibits greater lipid synthesis because
it synthesizes trigly ceride and secretes very low density lipoprotein (VLDL) in
an amount sufficient to meet a high egg production rate (Nimpf and Schneider,
1991). Thus many intensive efforts were made to reduce the cholesterol content
of the egg,

Sorbitol (also known as glucitol) is a very common sugar alcohol. It is
made naturally by the body and occurs in some fruits, like prunes. It can also be
chemically produced from glucose. It is used as a sugar substitute in diet and
diabetic food products. Moreover, it is also used in many manufacturing
processes, as a pharmaceutical aid, and in several research applications
(Merriam- Webester, 2007). Sorbose can be produced from sorbitol by
fermentation with Acetobacter suboxydans and by nonenzymatic condensation
of glyceraldehyde and dihydroxy acetone (Furuse ef al., 1990),

Dietary sorbitol or sorbose can be regulated lipid metabolism in laying
hens (Atlla, 2002; Furuse er al., 1990). Plasma VLDL from the sorbose- treated
hens was characterized by having less cholesterol and triglyceride per unit of
protein, which indicates that sorbose may inhibit hepatic synthesis of
cholesterol or triglyceride, or both (Beyer and Jensen, 1993). Previous
investigations have shown that sorbose reduced feed consumption, body fat,
serum  triglyceride, cholesterol, LDLVLDL and chylomicron levels,
furthermore, sorbose supplementation of the laying hens diets decreased
accumulation of liver fat, thus liver color improved (Furuse er al., 1990). While
Atlla (2002) indicated that sorbitol supplementation to LSL laying hens in
drinking water reduced cholesterol content in serum, egg yolk and liver, also
decreased serum LDL and triglyceride, while no effect of sorbitol on serum
HDL and glucose levels. Therefore, the present work was conducted to study
the effect of dietary sorbitol on egg yolk cholesterol content and lipid
metabolism in a local strain of laying hens,
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MATERIALS AND METHODS

The present study was carried out at the El-Sabahia Poultry Research
Station (Alexandria), Animal production Research Institute, Agricultural
Research Center, Ministry of Agriculture, Ninety laying hens of Gimmizah
local strain were used at 32 weeks of age. The birds were weighed and
housed individually in layer cages in an open system house. The feed was
ad- libitum on layer diet containing 16% crude protein and 2900
Kcal ME/Kg of diet, water was also provided all time and the birds were
exposed to 14 hours light daily throughout the experimental period. All hens
were divided randomly into three equal groups (30 hens / group), the first
group served as a control and fed the commercial layer diet without any
additives, while the second and third groups were fed the commercial layer
diet supplemented with 50 and 100 mg sorbitol / Kg of diet respectively.
The experimental period were continued for 14 weeks from 32 to 46 weeks
of age. All hens were individually weighed and the diet in each group was
weighed to calculate the hen feed consumption while egg weight was
recorded and egg production percentage was calculated. At 34, 38, 42 and
46 weeks of age, blood samples were withdrawn from randomly five birds
in each group through the wing vein in tubes and kept at room temperature
for one hour to clot, then the tubes were centrifuged at 3000 rpm for 15
minutes 10 separate clear serum which was stored at — 20 °C for
determination of the triglyceride (TG), cholesterol (CH), high density
lipoprotein (HDL), low density lipoprotein (LDL), glucose (GLC), glutamic
oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT)
concentarations by spectrophotometer using available commercial Kits
according to Soloni (1971); Richmond (1973); Warnick ef al., (1983);
Assmann ¢.,(1984); Keilin and Hartree (1948) and Reitman and Frankel
(1957), respectively. Also five eggs were randomly taken from each group
at the time of blood sampling for egg quality measurements and
determination of total lipids and cholesterol in yolk extracts .Lipids were
extracted from yolk and liver samples by chloroform: methanol (2:1)
according to Washburn and Nix (1974). Total lipids in yolk and liver
extracts were determined according to Frings ef al., (1972). At the end of
the experimental period (46 weeks of age), three random hens from each
group were sacrificed to calculate relative weight of abdominal fat®, liver,
ovary and oviduct, Oviduct length (cm), as well as bile volume of gall
bladder (ml) was measured and liver samples were taken and stored at — 20
"C for determination of total lipids and total cholesterol in liver extracts.

* Abdominal fat including abdominal fat and fat surrounding the gizzard and
proventiculus
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Statistical Analysis:

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
A- Physiological Traits:
I- Egg Yolk Lipids:

Egg yolk total lipids (TL) and cholesterol (CH) decreased (P < 0.01)
in response 10 addition of the sorbitol to the diet of laying hen except egg
yolk TL with 50 mg sorbitol after 2 weeks of treatments compared with the
control group (Table 1). After 14 weeks of treatments, it could be noticed
that, egg yolk TL and CH were diminished (P < 0.01) by 14.7% and 17.6%
(in egg yolk TL) and 34.4% and 44.5% ( in egg yolk CH ) when hens fed
dict with 50 mg and 100 mg sorbitol, respectively compared with the control
group. The reduction in CH level was more pronounced than TL (Table 1).
These results are in agreement with those obtained by Atlla (2002) who
found that 10% sorbitol addition in drinking water of LSL laying hens were
significantly reduced egg yolk cholesterol by 20.2% and 30.4% after 2 and 4
weeks of treatment respectively compared with the control group, moreover,
the birds in both treatments continued to produce eggs with significantly
lower yolk cholesterol level after being switched to the control diet.

2- Blood Constituents:

Serum levels of triglyceride (TG), cholesterol (CH), high density
lipoprotein (HDL), low density lipoprotein (LDL), glucose (GLC), glutamic
oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT)
are presented in Tables (2) and (3). Results indicated that addition of the
sorbito! to the control diet decreased (P < 0.01) serum TG, CH and LDL
compared with the control group. After 14 weeks of treatment ( at 46 weeks
of age) , it can be noticed that the addition of 50 and 100 mg sorbitol to the
control diet caused a significan| decrease by 22.4% and 41.7% in TG;
36.6% and 46.2% in CH and 37.1% and 47.3% in LDL as a percentage of
the control value (Tables 2 ). Morcover, it can be observed that serum TG,
CH and LDL were decreased (P < 0.01) after 2 weeks of treatment. The
reduction in serum TG, CH and LDL in the present study is consistent with
the previous research, Atlla (2002) indicated that supplementation sorbitol
at 10 % in drinking water of LSL hens were significantly reduced serum
TG, CH and LDL by 37.5%, 35.9% and 29.7%, respectively compared with
the control group. Beyer and Jensen (1993) observed that the laying hens

72



Cholesterol, Sorbitol, Laying Hens, Abdominal Fat, Lipids

(Hy- line) fed dietary 10 or 20 % sorbose exhibited plasma cholesterol
concentration approximately 50 % less than that of the control he.:s when
determined after 2 and 4 weeks of treatment. They found that sorbose not
only reduced plasma VLDL but also altered its composition, plasma VLDL
from the sorbose treated hens was characterized by having less cholesterol
and triglyceride per unit of protein. This indicated that sorbose may inhibit
hepatic synthesis of cholesterol or triglyceride or both. Also, Furuse e al.,
(1990) showed that the laying hens (White Leghorn) fed 100 and 200 mg
sorbose per Kg of diet greatly reduced serum cholesterol, LDL, triglyceride
and chylomicron concentrations. Moreover, the laying hens fed diets
containing 100 and 200 mg sorbose per Kg of diet reduced serum VLDL by
38% and 84% respectively, compared with the control group. In addition,
Goodridge (1987) indicated that sorbose may influence lipid metabolism in
laying hens by a specific mechanism, such as the observation that certain
dietary nutrients influence lipogenic enzyme gene expression.

In the present study, the opposite trend was obtained in HDL (Table
2). During the experimental period, it can be observed that serum HDL
were increased (P < 0.01) by 8.2% as a percentage of the control group
when addition high level of sorbitol (100 mg) to the laying hens diet. HDL
is high density lipoprotein which plays a crucial role in reducing the risk of
atherosclerotic cardiovascular diseases. Thus, HDL particles called good
cholesterol (Belitz and Grosch 1992). On the other hand, Atlla (2002)
observed that addition of 10 % sorbitol in drinking water for LSL laying
hens had no significant effect on plasma HDL compared with the control
group.

Results from Table (3) indicated that no significant differences were
found in serum glucose, GOT and GPT concentrations when hens fed diet
containing 50 and 100 mg sorbitol compared with the control group.
Sorbose has been reported as an inactive transported sugar (liundian y.,
1979). Thus similar results for glucose obtained by Atlla (2002) who
observed that sorbitol supplementation to the laying hens drinking water had
no effect on blood glucose compared with the control group. Moreover,
Furuse et al., (1990) indicated that serum glucose concentration was not
altered by dietary sorbose.
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3- Liver Lipids and Bile Volume of Gall Bladder:

Liver total lipids (TL) and cholesterol (CH) concentrations and bile
volume of gall bladder are presented in Table (4). The results indicated that
there was a decrease (P < 0.01) in liver total lipids by about 12.63% and
20.89% and in liver cholesterol by about 39.72 % and 64.45% as the laying
hens fed S0 and 100 mg sorbitol /Kg of diet compared with the control
group, respectively, The reduction in liver CH level was more pronounced
than liver TL. On the other hand, sorbitol had no effect on bile volume of
gall bladder. These results are in agreement with the observation of Furuse
et al., (1990) indicated that dietary sorbose can be used as a potential
regulatory of lipid metabolism in the laying hens since a decrease in liver fat
accumulation could be expected. While, Atlla (2002) found that 10 %
sorbitol supplementation in drinking water of LSL laying hens had no
significant effect on liver cholesterol,

4- Internal Organs:

Results presented in Table (5) indicated that there were insignificant
differences in relative weights of liver, ovary and oviduct and oviduct length
when laying hens fed diet with 50 and 100 mg sorbitol compared with the
control group. While addition of sorbitol at 50 and 100 mg to laying hen
diets caused a significant (P < 0.05) decrease in abdominal fat percentage
compared with the control group by 28.83% and 63.06% respectively. These
results are in agreement with Furuse ef al., (1990) who observed that the
synthesis of lipid and its transport into abdominal fats were decreased with
dietary sorbose, consequently both absolute and relative weights of
abdominal fat were reduced when laying hens fed dictary sorbose.
Moreover, Furuse ef al., (1991b) indicated that the absolute and relative
abdominal fat weights and fat content in the pectoral muscle were reduced
when broiler chickens fed dictary sorbose.

On the other hand, Cahaner et al,, (1986) reported that an increase in
abdominal fat in broiler lines was generally accociated with an increase in
yolk fat concentration.

B- Productive Traits:
I- Body Weight and Feed Intake:

Body weight and feed intake were significantly (P < 0.01) influnced
by addition of 50 or 100 mg sorbitol in laying hens diet. Results presented in
Table (6) showed that body weight and feed intake were decreased (P <
0.01) as compared with the control group. These results are in agreement
with Beyer and Jensen (1993) who indicated that the body weight and feed
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intake were significantly reduced when laying hens (Hy- line) fed dietary
sorbose for 4 weeks. Also Furuse ef al., (1990 and 1991a) reported that
body weight gain and feed intake of laying hen's fed diets containiag 10 or
20 % sorbose were decreased in addition to reduction of energy metabolism
Morcover, in the present study no mortality was observed in the three
groups during all the experimental period.

2- Egg Production Traits:

Results presented in Table (6) indicated that addition of sorbitol to
the laying hens diet decreased (P <0.01) by 4.9 (g) and 4.64 %, respectively
egg weight and egg production percentage especially with high level of
sorbitol (100 mg ) except egg production percentage after 2 weeks of
treatment compared with the control group. These results are in agreement
with Atlla (2002) who showed that addition of 10% sorbitol in drinking
water of laying hens was decreased egg production rate about 8 % after 4
weeks of treatment. Also Beyer and Jensén (1993) indicated that egg weight
and egg production percentage were significantly reduced by 3.4 (g) and
18.9 %, respectively when the laying hens were fed 10 % sorbose for 4
weeks compared with the control group. While Furuse er al., (1990)
observed that the egg production rate was not affected with 10 or 20 %
dietary sorbose.

3- Egg Quality:

Results in Table (7) and (8) indicated that no significant (P <0.01)
differences in relative weight of yolk and albumen, egg shape index, yolk
index and Haugh unit scores between groups of laying hens fed diet with 50
or 100 mg sorbitol compared with the control group during the experimental
period. However, relative weight of egg shell and egg shell thickness were
significantly decreased only with 100 mg sorbitol / Kg diet after 6 weeks of
treatment (at 38 weeks of age) and thereafter as compared with the control
group. These results are partly agree with Beyer and Jensen (1993) who
indicated that relative yolk weight was significantly decreased, while
albumen and shell relative weights were not affected by dietary sorbose.

It may be concluded from the present results that adding sorbitol by
levels of 50 or 100 mg / Kg diet reduced cholesterol content in laying hen
eggs, liver and blood as well as triglyceride and LDL levels in blood,
Therefore, a reduction of the cholesterol content of market eggs would be of
interest to both egg producers and patients with atherosclerosis and coronary
heart diseases .Also dietary sorbitol can be used as a potential regulator of
lipid metabolism by inhibit hepatic synthesis of cholesterol or triglyceride or
both and lipoprotein in the laying hen.
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Table (1): Effect of dietary sorbitol on egg yolk total lipids (TL) and

cholesterol (CH) of Gimmizah laying hens.(Means = SE)

Age Sorbitol TL CH
(weeks) (mg/Kg of diet) (mg/g) m
0 250.10£1.75° 13.80£0.63°
34 50 246.45:3.85" 10.8520.58°
100 239.55:4.44° 9.50:0.49°
0 251.60:0.88° 13.680.83°
38 50 231.403.36° 10.4520.90"
100 21225291 9.25:0.51°
0 253.65+1.56" 13752037
4 50 224.1543.76" 9.58+0.26"
100 209.48+1.75° 8.4320.36°
0 252.75£1.09" 13.65:0.43°
46 50 215.60+2.57° 8.95:041°
100 208.20+1.34° 7582047

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

Table (2): Effect of dietary sorbitol on serum triglycerides (TG), cholesterol
(CH), high density lipoprotein (HDL) and low density

lipoprotein (LDL) of Gimmizah laying hens. (Means + SE)

m‘fm (s""’."“'d 6 cH HDL LbL

'”&"‘,, (mg/100 mi) (mg/100ml) (mg/100mi) (m1g00mi)

0 1368553202 | 211.10+461a | 23.25%134b 168 68+3.90°

3 50 125.58:1.79 | 182.15264% | 2393:0.77ab 145.7545.06°
100 113232131c | 146.8846.60c 24 5340 683 126 53£228°

0 137.00:246a | 20810:6.03a | 2395:062b 169.03£323°

38 50 12150£143b | 1656522370 | 25.15:067sb | 132602261
100 110.15:1.70c | 134602294c | 257040842 115302.11°

0 13750259 | 208952553 | 2283:L.18b 169102458

Q2 50 1159052290 | 142.154376b | 2363x127ab | 117.53z0.90b
100 106,101 85 | 121.70£] 34c 2428113 1004520 94¢

0 1385521 84a | 2151823832 | 22850.71b 170.9843.03a

46 50 1074551626 | 13650:1.02b | 2375:084ab | 107.55:2.09
100 80.7824 28¢ 115.85+1 87¢ 24 73:0 80a 90.132522¢

ab.c =Means having different letters within each oohmn are significantly different (P< 0.05)
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Table (3): Effect of dietary sorbitol on serum glucose (GLC) , glutamic
oxaloacetic transaminase (GOT) and gulotamic pyruvic
transaminase (GPT) of Gimmizah laying hens. (Means = SE)

Age Sorbitol GLC GoT GPT
(weeks) | (mg/Kgofdiet) | (mg/100ml) (U/L) (UL)
0 217.68%1.70 74.1520.63 4252027
kY 50 216.63+2.32 74.50£0.44 4.53£0.21
100 215.7043.03 74.30:0.38 4.4520.37
0 203.1542.78 74,1540.86 4.45:0.19
38 S0 202.0542.26 75.00£0.46 4.780.45
100 201.6542,73 74.83x0.52 4.65+0.3)
0 202.0842.98 73.83+0,58 4.60+035
42 50 199.2041.55 74.5320.20 5.000.20
100 198.2041.06 74.7340.74 5.2340.28
0 199,38+1.80 74.23£0.39 4.2840.18
46 50 196,15¢0.98 74.93:0.52 5031042
100 194,7041.89 75104049 5.0810.19

n,b,¢ = Means having different letiers within cach column are sagmlicantly different (1< 0.05)

Table (4): Effect of dietary sorbitol on liver total lipids (TL),
cholesterol (CH) and bile volume of gall bladder (ml) of
Gimmizah laying hens at 46 weeks of age. (Means + SE)

Sorbitol TL CH Bile volume of gall
(mg/Kg of dict) (mg/g) (mg/g) bladder (ml)
0 254.2042.00" | 6,4720,34° 0.60310.012
50 22210£1.29" | 3.90:0.36" 0.60740.018
100 201.1060.81° | 2.30£0.25° 0.61320.014

AD.C = Mcams having diffcrent letters within cach column are signficantly different (PS 0.03)

Table (5): Effect of dictary sorbitol on some internal organs
measurements of Gimmizah laying hens at 46 weeks of

. !
age. (Means £ SE).
Sorbitol Liver Ovary Ovidoct Abdominal fat | Oviduct keagth
(mg/Kg of diet) (%) (%) (%) (%) (em)
0 2734023 | 0420000 | 2.5040.06 32340 06a 54.67£) 25
0 250016 | 0442002 | 2472003 2.37:0.09 54971062
100 2106016 | 0432001 | 2434003 1.2341.10¢ 55404110
ab.c = Means having diffesent kesters within each column are significantly different (P<.05)
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Table (6): Effect of dietary sorbitol on body weight, feed intake, egg
weight and egg production percentage of Gimmizah laying

hens. (Means £ SE)
; Age Sorbitol (mg / Kg of diet

Traies (weeks) ] 5 100
M 1750:0.03° 168020.05° 1690002
g 38 17800 03' 1660:0,03° 1650+0.02"

W

M. 5 300007 G
46 1810:0.03" 15901003 1590:0.01°
2.4 120.080.7¢° 109 351 50° 98 6441 81°
Feed intake 34-38 12159049 102 8621 25° 95 101 35°
(g/hen/day) 38-42 124 1840 58 100.60¢1.18° 93 8141 24°
§2-46 122 840 8% 101 8920 80° 9213110
N-H $38020.19° §226:0.18° 52 0540.2¢°
b 34-3§ §37120.14° §3.34:030° S132:0.18°
Egg weight (@) -0 A9101F $1:010 52982006
42-46 $5.9020.11° §4.38:0.09 53.12:0.08'
32-34 60.000,69 60242054 59.60+0.59
. - 34-38 65,6040 46" 65362047 63.7620.50°
Bz production (%) =35y T 7059038 §9. 8420 44° £328:0.40
42-46 74762037 73.80:039 71.29:045

ab.c = Means having different letiers within cach row are significantly different (P<0.05)

Table (7): Effect of dietary sorbitol on relative weight of yolk, albumin,
shell and shell thickness (mm) of Gimmizah laying hens.

(Means £ SE)
Age Sorbitol Yolk Albumin Shell Shell thickness
(weeks) | (mg/Kg of diet) (%) (%) (%) (mm)
7] 0 %50:035 | 61212018 | 1229:027 | 0421200
50 26652065 | 61532065 | 1192:025 | 04282000
100 2686:028 | 61252027 | 11892017 | 040120003
3 0 26132042 | 6072:038 | 1315:016a | 043320005
50 2626049 | 61144052 | 12600232 | 0427:00028
100 2668:032 | 61572048 | 11752049 | 0312:0.002
Q 0 %412012 | 60482018 | 13012023 | 0439:0004a
50 2639:032 | 60152045 | 134620107 | 042740003
100 26982026 | 6099:025 | 12034017 | 0311400016
4 0 2522030 | 59992042 | 1349022 | 04210003
50 613402 | 60624031 | 132520192 | 0429:0.002
100 2%92:030 | 6090035 | 1218:0.060 | 0227:0.004

ab = Means having different letiers within each ¢dluma are significantly different (P< 0.05)
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Table (8): Effect of dictary sorbitol on percentage of egg shape, yolk
index and Haugh unit scores of Gimmizah laying hens.

(Means £ SE)
Age Sorbitol Egg shape Yolk index Haugh unit
(weeks) | (mp/Kyp of diet) Index (%) (%) (%)
0 75,5320.45 45.8530.14 89.6320.45
3 50 74,9840 43 45432008 90.5810.08
100 75,6840.13 44,6020.11 89.80£0.07
0 75.4340.57 45.5820.10 89.50£0,11
38 50 74.9040.11 45.1820.11 89.5520.13
100 75.4320.09 45.5820.11 89.4840,15
0 75.40£0.09 45.480.14 89.51£0.35
2 50 75.48:0,09 45.55:0.10 90.100.06
100 75.68+0.30 45.58£0.11 89.88+0.05
0 75.5841.10 45.6310,15 89.6840.09
a6 50 75.530,06 45.60:0.07 89.6540.06
100 75704032 45.65:0.06 89.6840.09
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