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SUMMARY

T

his research was conducted to study the impact of using two levels of ME (recommended (R) and
R-150 Kcal/Kg diet) and each with four type of addition (without Se or choline supplementation, 0.1
mg Se/Kg diet in the form of organic Se as Sel-Plex (Se yeast), 0.10% of choline and 0.05 mg Se/Kg
diet + 0.05% choline in 2 x 4 factorial arrangement (giving eight dietary treatments) on growth performance of
Cobb broiler chickens. Accordingly, a total number of 192 one-day old unsexed Cobb broiler chickens were
firstly fed a control diet for five days. At six day of age, chicks were randomly allotted to the dietary treatments,
birds were divided into eight treatments (24 birds each) and each treatment contained three replicates (eight birds
each). Results obtained could be summarized in the following:
Performance: Chicks fed diet containing recommended level of ME (R)-150 Kcal/Kg diet had significantly
higher values of LBW at 41 days and LBWG, FI, GR, PI during the period from 6 to 41 days, while, chicks fed
diet containing R had significantly lower values during the same previous periods. Chicks fed R-150 Kcal/Kg
had the best FC, CPC and CCR during the period from 25 to 41 days, and those fed R-150 Kcal/Kg had the best
CCR during the period from 6 to 41 days. Type of addition and interaction due to level of ME effect X type of
addition (experimental treatments) had insignificant effect on LBW, LBWG, FC, CPC, CCR, GR and PI during
the periods from 25 to 41 and 6 to 41 days (finisher and over all experimental period). Chicks fed diet
containing R with 0.05 mg Se/Kg diet and 0.05% choline had higher value of FI during the period from 6 to 41
days.
Slaughter parameters% and blood constituents: neither level of ME, type of addition nor interaction due to
level of ME effect X type of addition had any significant effect on slaughter parameters% and blood
constituents except, type of addition with dressing% and bursa, which was significantly affected. Chicks fed
diet containing 0.1 mg Se/Kg diet as Sel-Plex had higher value of dressing percentage. Also, interaction due to
level of ME effect X type of addition, which was significantly affected of total leucocytes. Chicks fed diet
containing R-150 Kcal/Kg diet with 0.1% choline had higher value of total leucocytes at the end of the
experiment. GSH-PX activity were significantly (P≤0.01) affected by level of ME and type of addition, chicks
fed 0.1 mg Se/Kg diet as Sel-Plex had higher value of GSH-PX at 41 days.
Chemical composition of broiler meat: Level of ME, type of addition and interaction due to level of ME
effect X type of addition had insignificant effect on chemical composition of broiler meat, except, moisture %,
which was significantly affected.
Economic efficiency (EEf): EEf values during the period from 6 to 41 days of age improved in chicks fed all
experimental diets, except, chicks fed diet containing recommended level of ME with 0.05 mg Se/Kg diet as
Sel-Plex plus 0.05% choline (the lowest corresponding values, being 0.126 and 95.74%, respectively), as
compared with those fed the control diet. Chicks fed diet 7 (R-150 Kcal/Kg diet plus 0.1% choline) had the best
Economic and relative efficiency values being 0.251 and 191.34%, respectively.
It would be concluded that: It can be concluded that, dietary ME can be reduced from the recommended level
up to 150 Kcal/Kg diet and supplement these diets with 0.1 mg Se/Kg diet as Sel-Plex or/and 0.1% choline
without affecting Cobb broiler performance.
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INTRODUCTION
In Egypt, poultry production has become one of the biggest agriculture industries, and its development is
a major goal of broiler producers. Furthermore, feeding cost represents the major parts of total cost in
poultry production, especially dietary energy sources and optimal energy level is important for decreasing
feed cost per unit of poultry product. Efforts to reduce dietary energy and improving utilization of common
feeds by using some additives have been the subject of much research. Adequate energy intake is very
imperative for broiler since any excess of energy consumption is deposited mainly as fat in the body which
indicating the wastage of dietary energy. Broiler obesity is normally coupled with lower production and feed
efficiency (Ghaffari et al., 2007). Moreover, obesity in poultry increases the incidence of reproductive
failure, death due to heart diseases and impaired thermoregulation (Garlich, 1979). So, we need to provide
adequate energy intake to get best performance and economic. The metabolizable energy (ME) content of
rations has been decreased over time, a fact that well associate with improved efficiency. Feed additives are
essential materials that can improve the efficiency of feed utilization, performance of poultry and immune
response to diseases. Vitamins and minerals addition of commercial compound feed as a single or in
combination are mostly oriented towards recommendations for addition of choline and selenium.
Selenium (Se) is a dietary essential trace element for broiler nutrition. The broiler chicken's requirement
for Se has been given as 0.15 ppm (NRC, 1994). Se requirement is quite low, while, this level is not related
to commercial conditions and physiological functions of poultry production and it seems likely Se
requirement for optimal broiler health is much higher (Li and Sunde, 2016). The maximum allowed level of
Se in the United States is 0.3 ppm, while, the maximum allowed Se inclusion level is 0.5 ppm (European
Commission, 2014).
Generally, the chemical dietary form of Se is a major determinant of its bioavailability. Selenium has
been added to broiler diets namely inorganic sources (sodium selenite, Na 2SeO3) or (selenate, Na2SeO4), or
as organic Se derived from yeast (Saccharomyces cerevisiae), mainly selenomethionine and analogues (Burk
and Hill, 2015). Organic Se is a highly available form of Se for chickens than inorganic Se in sodium
selenite (Mahmoud and Edens, 2003). Organic Se compounds generally have higher efficacy and biological
activities, less toxicity compared with inorganic Se (Briens et al., 2013), thus varieties of Se-enriched
biological products have been commercialized.
Microorganism fermentation with Se technique provides a feasible and economic approach for
production of organic Se compounds (Zhang et al., 2008). So, organic sources of Se such as Sel-Plex, a Se
yeast have been explored as an alternative to inorganic form in animal diets (Payne et al., 2005 and Payne
and Southern, 2005). A number of studies reported that Se supplementation at 0.2-0.3 ppm in the organic
form as Sel-Plex provides optimum Se status for broiler growth and development. Organic Se is proven to be
an effective diet supplement to meet broiler requirement from this element in various commercial conditions
and physiological functions Papazyan et al. (2006). In addition, the use of organic Se results in less Se being
transferred to the environment through feces and more Se is deposited into body tissues and eggs (Payne et
al., 2005, Payne and Southern 2005 and Utterback et al., 2005). Advantages of organic Se in the form of Seyeast for broilers include improvement of growth rate, FCR, lower mortality and drip loss during meat
storage Papazyan et al. (2006). Se from Se yeast (0.2 mg/ kg) was used more efficiently for performance in
high yielding or fast growing broiler chickens (Upton et al., 2008).
There are many demonstrations of potential positive impacts of Se supplementation to increase broiler
resistance against major pathogens and/or alleviate consequences of environmental stresses (Dalgaarda et al.,
2018). Selenium is a cofactor of large numbers of Se dependent antioxidant enzymes such as glutathione
peroxidase (GSH-Px) activities, which protects the cell and membranes from severe oxidation caused by free
radicals (Rotruck et al., 1973 and Singh et al., 2006). Furthermore, Klasing (1998) reported that chronically
severe deficiencies of micronutrients are more debilitating to the development of the immune system than
deficiencies of dietary energy and protein.
Choline is an absolutely charged quaternary amine, water soluble nutrient that has been grouped inside
the B-complex (no resemblance to the B vitamins) vitamins (Zeisel et al., 1991). While, other author has
theorized that adequate nutrition requires dietary choline, but this nutrient is not a vitamin, its metabolism
are more akin to the amino acids than any other class of nutrients (Garrow, 2007). Wu and Davis (2005)
demonstrated that choline chloride (metabolized into choline in the body) is an effective source of choline in
the poultry diets (100% bio-available). According to McDowell (2000), poultry requirements for choline are
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in the range of 300–2000 mg/kg diet. Choline cannot be stored in the body so choline in excess of essential
needs is oxidized to betaine (Wang et al., 2004). Betaine has a more pronounced effect when dietary energy
and FI are limiting (Dunshea et al., 2009). According to Garrow (2007), the oxidation of choline is an
energy yielding process.
Choline is an essential nutrient for the poultry and for prevention of perosis in chicken. One of choline
functions is to give methyl groups that can also be furnished by methionine, betaine and folate, that act as Sadenosine methionine metabolism, methylation of DNA, RNA, protein and histone as illustrated by Pillai et
al. (2006) and Dunlevy et al. (2006). Therefore, the level of choline in the poultry diet can affect the
methionine requirement (Harms et al., 1990), but choline cannot reduce the need for methionine if the diet
does not contain enough choline (McDevitt et al., 2000). Choline is important as a constituent of
phospholipids in cell membranes, methyl metabolism and hepatic lipid metabolism to prevent fatty liver,
cholinergic neurotransmission and precursor acetylcholine (Workel et al., 1999). Finkelstein (2000) reported
that choline interacts with methionine and folate to achieve this one carbon methylation and decrease the
amount of homocysteine which be toxic in high levels. In the case of choline deficiency, Niculescu et al.
(2006) reported that modifying the intake of choline nutrients could alter lipid metabolism and methylation.
Information are lacking on the use of choline and/or Se at low level of ME. The present study therefore
evaluated effects of Se (Sel-Plex (SP, Alltech Inc., Nicholasville, KY), a Se yeast) and/ or choline as feed
additives in broiler diets at low level of ME on performance and some physiological response of broiler
chickens.

MATERIALS AND METHODS
This study was carried out at the Poult. Res. Station, Ministry of Agric. and Land Recl., Regional
Councils for Agric. Res. and Extension, Fayoum, Egypt, during the period from Jan. to Feb., 2016. Chemical
analyses were performed in the laboratories of Poult. Prod. Dep., Faculty of Agric., Fayoum University
according to the methods outlined by A.O.A.C (1990).
This research was conducted to study the impact of using two levels of ME (recommended (R) and R-150
Kcal/Kg diet) and each with four type of addition (without Se or choline supplementation, 0.1 mg Se/Kg diet
in the form of organic Se as Sel-Plex (Se yeast), 0.10% of choline (dry choline chloride (0.167%) product
(60% choline) were added to the diets) and 0.05 mg Se/Kg diet + 0.05% choline in 2 x 4 factorial
arrangement (giving eight dietary treatments) on growth, feed utilization and Economic efficiency of Cobb
broiler chicks. Se yeast as Sel-Plex (Alltech Inc.) contains 1000 mg Se/Kg Sel-Plex and created by the
fermentation of yeast (Saccharomyces cerevisiae) in a high Se medium.
Accordingly, a total number of 192 one-day old unsexed Cobb broiler chickens were originally fed a
control diet for five days. Chicks were weighed (individually) to the nearest gram at six days of age (start of
experiment), wing banded and randomly allotted to the dietary treatments, birds were divided into eight
treatments (24 birds each) and each treatment contained three replicates (eight birds each). Chicks were
raised in electrically heated batteries with raised wire mesh floors and had a free access of mach feed and
fresh water from nipple drinkers {2 nipples/cage} throughout the experiment. The experimental treatments
were as follows:
1. Chicks were fed the control diet (D1). 2. D1+ 0.1 mg Se /Kg diet (D2).
3. D1+ 0.1% choline (D3).
4. D1 + 0.05 mg Se /Kg diet+ 0.05% choline (D4).
5. D1 –150 Kcal/Kg diet (D5).
6. D1–150 Kcal/Kg diet+ 0.1 mg Se/Kg diet (D6).
7. D1 –150 Kcal/Kg diet+ 0.1% choline (D7).
8. D1 –150 Kcal/Kg diet+ 0.05 mg Se /Kg diet + 0.05% choline (D8).
The composition and calculated analysis of the experimental diets (without Se or choline
supplementation) are presented in Table (1). The experimental diets were supplemented with vitamins and
minerals mixture, to cover the recommended requirements according to the strain catalog recommendations
and were formulated to be iso-nitrogenous.
Batteries were placed into a room provided with a continuous (23 hour/day up to 41 days of age) light
and fans for ventilation. The experimental birds were reared under similar (open system) environmental
conditions and were fed with broiler starter diet from 6 to 12 days of age, broiler grower diet from 13 to 24
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days and broiler finisher diet from 25 to 41 day (the end of the experiment). Room temperature on day 0 was
35ºC and 33ºC at the end of first week and decreased approximately 2ºC per week until 23ºC was reached,
according to standard poultry rearing practices. The vaccination program, adopted by recommended
requirements according to standard commercial guidelines. Birds were weighed (individually) to the nearest
gram at 6, 12, 24 and 41 days intervals during the experimental period.

Table (1): Composition and calculated analyses of the experimental diets.
Item, %
Yellow corn, ground
Soybean meal (44%CP)
Calcium carbonate
Sodium chloride
Vit. and trace Min. premix2
Dicalcium phosphate
Vegetable oil3
DL–Methionine
L-Lysine Hcl
Total
Calculated analysis4:
Crude protein
Ether extract
Crude fiber
Calcium
Available phosphorus
Methionine
Methionine+Cystine
Lysine
Sodium
Chloride
Selenium, mg Se /Kg diet
ME, Kcal./Kg
C/P ratio
Cost (£.E./ton)6
Relative cost7

Starter (6-12 days)
Control
Control
-150 Kcal.1
55.90
58.90
36.85
36.58
1.00
1.00
0.40
0.40
0.30
0.30
2.20
2.20
3.20
0.50
0.15
0.12
0.00
0.00
100.0
100.0
21.06
5.62
3.81
0.98
0.54
0.48
0.82
1.14
0.17
0.28
0.154
2991
142.0
5918
100.0

21.18
3.04
3.86
0.98
0.54
0.45
0.80
1.14
0.17
0.28
0.154
2842
134.2
5674
95.88

Grower (13-24 days)
Control
Control
-150 Kcal.
60.40
64.54
31.66
30.50
1.00
1.00
0.40
0.40
0.30
0.30
2.10
2.02
4.00
1.08
0.13
0.13
0.01
0.03
100.0
100.0
19.16
6.55
3.55
0.95
0.51
0.43
0.75
1.02
0.17
0.28
0.150
3098
161.7
5759
100.0

19.02
3.78
3.56
0.93
0.50
0.43
0.75
1.01
0.17
0.28
0.150
2949
155.1
5480
95.16

Finisher (25-41 days)
Control
Control
-150 Kcal.
62.90
66.42
28.61
27.89
0.90
0.90
0.40
0.40
0.30
0.30
2.00
2.00
4.70
1.90
0.13
0.13
0.06
0.06
100.0
100.0
18.07
7.32
3.39
0.88
0.49
0.42
0.72
0.98
0.17
0.28
0.148
3179
175.9
5704
100.0

18.06
4.65
3.42
0.88
0.49
0.42
0.72
0.97
0.17
0.28
0.148
3029
167.7
5451
95.56

1

2
ME, Kcal./Kg diet.
Each 3.0 Kg of the Vit. and trace Min. premix manufactured by Vetgreen Company and
contains: Vit. A 10000000 IU; Vit. D3 2000000 IU; Vit. E 1000 mg; Vit. K3 1000 mg; Vit. B1 1000 mg; Vit. B2 500 mg;
Vit. B6 1500 mg; Vit. B12 10 mg; biotin 50 mg; folic acid 1 g; niacin 3000 mg; Ca pantothenate 1000 mg; Zn 50 g; Cu 4
g; Fe 30 g; Co 0.1 g; Se 0.1 g; I 0.3 g; Mn 60 g and anti-oxidant 10 g, and complete to 3.0 Kg by calcium carbonate.
3
4
Mixture from 75% soybean oil and 25% sunflower oil.
According to NRC, 1994.
5
According to the local market price at the experimental time. 6 Assuming the price of the control group equal 100.

At the same time, feed consumption was recorded and feed conversion (FC, g feed/g gain) and live body
weight gain (LBWG) were calculated. Crude protein conversion (CPC), caloric conversion ratio (CCR),
growth rate (GR) and performance index (PI) was calculated according to the equation described by North
(1981) as follows: PI = (LBW, Kg / FC) x100.
Accumulative mortality rate was obtained by adding the number of dead birds during the experiment
divided by the total number of chicks at the starting of the experimental period (mortality % was within
normal range and not related to treatments studied). At 41 days of age (end of the finishing period), slaughter
tests were performed using three chicks around the average LBW of each treatment. The birds were on feed
withdrawal (approximately 16 hour) overnight, then weighed (individually) to the nearest gram, and
slaughtered by severing the jugular vein. After five minutes bleeding time, each bird was dipped in a water
bath (79°) for 30s, and feathers were removed mechanically. After the removal of head, carcasses were
manually eviscerated, by the same person to ensure uniformity of cuts, to determine some carcass traits,
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dressing % {eviscerated carcass without legs, head and neck} and total giblets% {liver, heart, gizzard empty
and spleen}. The eviscerated weight included the front part with wing and rear part. The abdominal fat was
removed by hand from the parts around the gizzard and viscera, and was weighed to the nearest gram. The
bone of front and rear were separated and weighed to calculate meat%. The meat (without the skin) from
each part was weighed, and blended using a kitchen blender.
At the time of slaughter test, individual blood samples were taken from three birds of each treatment to
determine hematological and biochemical characteristics of blood. Glutathione peroxidase (GSH-Px) activity
was determined in plasma via enzymatic methods; adjusted for poultry blood, using available commercial
kits SCLAVO INC.; 5 Mansard Count.; Wayne NJ 07470, USA.
Chemical analyses of representative samples of the carcass meat without the skin were carried out to
determine DM, CP= (N x 6.25), EE and ash contents according to the methods of A.O.A.C. (1990). Nitrogen
free extract (NFE) was calculated by difference. To obtain bone ash values, the right tibia bone was collected
according to the method of Martinez et al. (2006). Tibias were pooled by replicate groups and autoclaved
and adhering tissue was removed. Then bones were dried for 24 hour at 100°C and weighed, tibia relative
weight as a percentage of LBW was calculated, and then dry-ashed for 24 hour in a 600°C muffle furnace.
Ash weight was expressed as a percentage of dried tibia weight. The economic efficiency was calculated as
the price of LBW–total costs of raising a broiler chicks as relative to total raising costs which was estimated
based upon local current prices at the experimental time. Statistical analysis of results was performed using
the General Linear Models procedure of the SPSS software (SPSS, 2007), according to the follow general
model:
Yijk= μ+Mi+Tj+MTij +eijk
Where: Yijk: observed value, μ: overall mean, Mi: level of ME effect (i: recommended (R), R-150 Kcal/Kg
diet), Tj:
type of addition (j: without, Se, choline and mixture), MTij: interaction effect of level of ME
by type of addition, eijk:
random error.
Treatment means indicating significant differences (P0.01 and P0.05) were tested using Duncan's
multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION
Performance: Effects of Se and/or choline as feed additives in broiler diets at low level of ME on LBW,
LBWG and feed intake (FI) are shown in Table (2). The main effects of level of ME had insignificantly
(P>0.05) affected LBW and LBWG at all periods studied except, LBW at 41 days and LBWG during the
periods from 25 to 41 and 6 to 41 days, which was significantly (P0.01) affected (Table 2). It is clear that,
chicks fed diet containing recommended level of ME (R)-150 Kcal/Kg diet had significantly higher values of
LBW at 41 days and LBWG during the periods from 25 to 41 and 6 to 41 days (this may be due to the birds
fed on low-ME diets consumed the same amount of energy due to increased FI), while, chicks fed diet
containing R had significantly lower LBW and LBWG values during the same previous periods. Similar to
the present findings Ragab (2013) found that chicks fed diet containing R-100 Kcal/Kg diet had higher LBW
at 42 days and LBWG during the period from 5 to 42 days. While, no significant difference in final LBW
(Giachetto et al., 2003 and Emam et al., 2014) and LBWG (Emam et al., 2014) was found by different
energy levels in the birds diet over the range 2900 or 3200 Kcal ME/kg.
Type of addition had insignificant effect on LBW and LBWG at all periods studied, except, LBWG
during the period from 6 to 12 days which was significantly (P0.01) affected (Table 2). As shown in Table
2, chicks fed 0.1 mg Se/Kg diet as Sel-Plex had higher value of LBWG during the period from 6 to 12 days
and those fed diet containing 0.1% choline had the lower value of LBWG during the same period, the
differences between values of LBWG for chicks fed control diet and those fed diet containing 0.1% choline
were not significant (Table 2).
Numerically, all type of addition increase (P>0.05) LBW at 41 days and LBWG during the period from 6
to 41 days compared with those fed control diet. On the other hand, chicks fed 0.1% choline had higher
values of LBW and LBWG during the period from 6 to 41 days, however, these did not reach a level of
statistical significance (Table 2). Similar to the present results, Emam et al. (2014) reported that no
significant difference in final LBW and LBWG was found by different levels of choline supplementation in
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the triticale diets for broiler chicks (under summer conditions). While, Vogt (1994) found that choline
supplementation improved growth. Likewise, some reports found no effect of different levels of Se or Se
yeast on final LBW of the chickens (Habibian et al., 2013 and Shourrap at el., 2018), LBWG, FI and FC
(Payne and Southern, 2005, Yoon et al., 2007 and Shourrap at el., 2018) and growth performance of broiler
(Choct et al., 2004, Chen et al., 2013 and Boostani et al., 2015) However, Yang et al. (2012) show that Se
yeast (0.3 mg/kg) could increase daily LBWG and FI by 8.92 and 3.99% and decrease FC by 4.84%,
respectively. Also, Balti et al. (2015) reported that average LBW at the end of the study, it was higher
(P0.05) in the group with added 0.4 mg/kg Se as compared with no added Se and with the highest Se
content in feed (0.6 mg/kg).
Interaction due to level of ME effect X type of addition (experimental treatments) had insignificantly
(P>0.05) affected LBW and LBWG at all periods studied except, LBWG during the period from 6 to 12 days
which was significantly (P0.01) affected (Table 2). Chicks fed recommended level of ME with 0.1 mg
Se/Kg diet as Sel-Plex had higher value of LBWG during the period from 6 to 12 days, however, those fed
control diet had the lower value of LBWG during the same period (Table 2). Numerically, as shown in Table
(2), all dietary treatments increase LBW at 41 days and LBWG during the period from 6 to 41 days
compared with those fed control diet, however, these did not reach a level of statistical significance.
In this respect, El-sheikh and Ahmad (2006) demonstrated that supplementation of broilers diets with
Sel-Plex significantly (P≤0.05) improved LBW at 6 weeks of age, LBWG and FC during the period from 0-6
weeks compared to control group. The increasing of LBW with feeding Sel-Plex may be due to the findings
of Arthur (1992) who reported that dietary Se improves the growth of broilers because Se plays an important
part in regulatory metabolism, in that it plays an essential role in catalyzing the formation thyroid hormones
and conversion of T4 to T3, which are important for normal growth and development (Jianhua et al., 2000).
Dietary level of ME effect was significant for FI at all periods studied (Table 2). It is clear that, chicks
fed R-150 Kcal/Kg diet had significantly higher values of FI during all periods studied (this may be due to
the bird's attempt at maintaining a normal energy intake), while, chicks fed control diet had significantly
lower values of FI during the same periods.
Similar to the present findings, Ragab (2013) and Emam et al. (2014) found that FI was increased as well
as FC was improved by low level of energy (R-100 Kcal/Kg) in the broiler diet during the periods from 24 to
42 and 5 to 42 days as compared with chicks fed control diet. While, Giachetto et al. (2003) reported that
birds fed with high dietary energy level (3200 Kcal ME/kg) had a lower FI and better FC. Dairo et al. (2010)
found that, FI was lower at finisher phases for birds fed diets with low energy-high protein combination and
low energy-low protein. In this respect, Dozier et al. (2006) reported that broilers consume diet to primarily
meet energy requirements, while, other research by Mbajiorgu et al. (2011) failing to observe an effect of
dietary energy on FI.
Type of addition had significant (P0.01) effect on FI at all periods studied, except, during the period
from 13 to 24 days which was insignificantly affected (Table 2). As shown in Table (2), the highest
significant value of FI during the finisher and over all experimental period achieved by addition of 0.1 mg
Se/kg diet. Chicks fed diet containing 0.1% choline had the lower value of FI during the period from 25 to
41 days, while, chicks fed control diet had the lower value of FI during the periods from 6 to 12 and 6 to 41
days (the differences between values of FI for chicks fed control diet and those fed diet containing 0.1%
choline were not significant during the periods from 25 to 41 and 6 to 41 days), (Table 2).
In this respect, Emam et al. (2014) found that 0.1% choline supplementation (under summer conditions)
decrease FI and improve FC during the period from 5 to 42 days of age as compared with those fed choline
un-supplement diet.
Interaction due to level of ME effect X type of addition had significantly affected FI during all periods
studied (Table 2). Chicks fed diet containing R-150 Kcal/Kg diet with 0.05 mg Se/Kg diet and 0.05%
choline had higher values of FI during the periods from 6 to 12, 13 to 24 and 6 to 41 days, however, those
fed control diet had the lower values of FI during the periods from 6 to 12, 25 to 41 and 6 to 41 days (Table
2). In this regard, Emam et al. (2014) indicated that chicks fed control diets with choline supplement had
significantly lower value of FI during the period from 5 to 42 days.
Data presented in Table (3) indicate the main effect of level of ME was significant (P0.05 and P0.01)
for FC and CPC during the periods from 6 to 12 and 25 to 41 days and CCR during the periods from 25 to
41 and 6 to 41 days. Chicks fed diet containing recommended level of ME had the best FC and CPC values
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during the period from 6 to 12 days. Chicks fed R-150 Kcal/Kg had the best FC, CPC and CCR during the
period from 25 to 41 days, and those fed R-150 Kcal/Kg had the best CCR during the period from 6 to 41
days (Improvement in FC, CPC and CCR of broiler appears to be due to the increase in LBW and LBWG).
In this respect, Kamran et al. (2008) reported that LBWG, FCR were adversely affected and FI increased
linearly (P0.05), while, PER and EER were decreased (P0.05), during finisher and overall experimental
periods as a result of lowering the dietary CP and ME content, however, EER was decreased with low-ME
diets (Kamran et al., 2008). Also, increasing dietary energy level could improve FC rate of broilers by
reducing FI (Dozier et al., 2006 and Ghaffari et al., 2007). The results cleared that type of addition and
interaction due to level of ME effect X type of addition had insignificant effect on FC, CPC and CCR during
all periods studied, except, during the period from 6 to 12 days which was significantly (P0.01) affected
(Table 3).
As shown in Table (3), chicks fed diet containing 0.05 mg Se/Kg diet and 0.05% choline had worst
values of FC, CPC and CCR during the period from 6 to 12 days of age, while, those fed 0.1 mg Se/Kg diet
as Sel-Plex had best values of FC, CPC and CCR during the same period. As shown in Tables (2 and 3),
numerical improvements in LBW, LBWG and improved FC and CCR were frequently observed when
addition of 0.1% choline during the period from 6 to 41 days of age.
Similarly, Emam et al. (2014) indicated that 0.1% choline supplementation (under summer conditions)
improve (P>0.05) CPC, CCR and increase (P>0.05) GR, PI during the period from 5 to 42 days as
compared with those fed cho. un-supplement diet (0.0%), however, these did not reach a level of statistical
significance. Waldroup et al. (2006) reported that, numerical improvements in LBW and significantly
improved FC were frequently observed when addition of 1000 mg of choline/kg over the birds fed the
unsupplemented diets at 35, 42, 49, and 56 d of age. Dilger et al. (2007) reported that supplementation of the
cho. free basal diet with graded levels of choline resulted in linear increases in LBWG, FI and improved FC.
Also, Jadhav et al. (2008) found that a significant increase in LBW and significant improvement in FC was
observed in choline supplemented broilers when compared with control birds. These results disagree with
those of Waldroup and Fritts (2005) who reported that choline supplementation had no significant effect on
FC. Moreover, Rafeeq et al. (2011) found that the supplementation choline as choline chloride might have
disturbed the ion balance and resulted in lower FI and LBWG.
As shown in Table (3), chicks fed diet containing recommended level of ME with 0.1 mg Se/Kg diet as
Sel-Plex had the best values of FC and CPC during the period from 6 to 12 days of age. While, chicks fed
diet containing R-150 Kcal/Kg with 0.05 mg Se/Kg diet and 0.05% choline had worst values of FC, CPC
and CCR during the during the same period.
Data presented in Table (4) indicate the main effect of level of ME was insignificant for GR and PI at all
periods studied, except, GR during the period from 6 to 41 days and PI during the period from 25 to 41 days,
which was significantly (P0.05 and P0.01) affected (Table 4). Chicks fed diet containing recommended
level of ME had lower values of GR and PI during the same previous periods, and those fed R-150 Kcal/Kg
had higher values of GR and PI during the same period.
Type of addition had insignificant effect on GR and PI at all periods studied, except, the period from 6 to
12 days, which was significantly (P0.05 and P0.01) affected (Table 4). Chicks fed 0.1 mg Se/Kg diet had
higher values of GR and PI during the period from 6 to 12 days (Table 4).
Numerically, as shown in Table (4), all type of addition insignificant increase (P>0.05) GR and PI
during the period from 6 to 41 days especially when addition of 0.1% choline as compared with those fed
control diet. In this respect, Dilger et al. (2007) determined that the minimal concentration of dietary choline
for chicks to achieve maximal growth rate was 722 mg/kg diet is optimal for normal growth.
The results cleared that interaction due to level of ME effect X type of addition had insignificant effect
on GR and PI at all periods studied, except, GR during the periods from 6 to 12 and 13 to 24 days and PI
during the period from 6 to 12 days which was significantly (P0.01) affected (Table 4). Chicks fed diet
containing recommended level of ME with 0.1 mg Se/Kg diet as Sel-Plex had higher values of GR and PI
during the period from 6 to 12 days of age. It can be concluded that ME can be reduced from the
recommended level by 150 Kcal/Kg without affecting LBW, LBWG, FI, FC, CPC, CCR, GR and PI (Tables
2, 3 and 4). Numerically, as shown in Tables (2, 3 and 4), all dietary treatments increase LBW, LBWG, GR
and PI during the period from 6 to 41 days compared with those fed control diet, however, these did not
reach a level of statistical significance. It can be concluded that, dietary ME can be reduced from the
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recommended level up to 150 Kcal/Kg diet and supplement these diets with 0.1 mg Se/Kg diet as Sel-Plex
or/and 0.1% choline without affecting LBW, LBWG, GR and PI.

Table (4): Effect of dietary energy levels with or without selenium and choline supplementation on
growth rate (GR) and performance index (PI) of broiler chickens.
GR (age period, days)
6-12
13-24
25-41
Level of metabolizable energy (ME, Kcal./Kg diet (L))
Recommended (R)
0.636
1.026
0.730
R-150
0.624
1.017
0.789
SEM1
0.010
0.010
0.010
P-value
0.257
0.399
0.000
Type of addition (T)
Without2
0.619b
1.015
0.755
3
Selenium (Se)
0.658a
1.010
0.747
Choline4
0.614b
1.030
0.771
Mixture5
0.630ab
1.030
0.765
SEM
0.010
0.010
0.010
P-value
0.021
0.454
0.657
L × T (treatments)
Without
0.584e
1.050ab
0.725
a
Selenium
0.681
1.017abc 0.712
R
Choline
0.620bcde 1.030ab
0.752
Mixture
0.660ab
1.006abc 0.730
Without
0.654abc 0.979c
0.785
RSelenium
0.634bcd 1.004bc
0.781
150 Choline
0.609cde 1.029ab
0.789
Mixture
0.599de
1.054a
0.799
SEM
0.020
0.010
0.020
P-value
˂0.001
0.002
0.867
Item

a–e

6-41

PI (age period, days)
6-12
13-24
25-41

0.801b
0.816a
0.010
0.025

18.692
17.610
0.470
0.125

49.474
46.739
1.210
0.131

76.029b
88.491a
2.640
0.002

49.539
52.647
1.150
0.077

0.803
0.809
0.815
0.806
0.010
0.647

18.691ab
20.001a
17.113b
16.800b
0.670
0.005

46.971
48.637
48.654
48.163
1.710
0.892

79.205
79.318
86.655
83.862
3.730
0.478

50.004
50.656
52.439
51.273
1.630
0.785

0.793
0.802
0.808
0.800
0.813
0.815
0.822
0.813
0.010
0.976

17.160bcd
21.452a
17.918bcd
18.241bcd
20.223ab
18.550abc
16.309cd
15.359d
0.940
0.006

48.906
50.801
50.342
47.847
45.037
46.473
46.967
48.479
2.380
0.763

73.039
76.000
80.846
74.231
85.370
82.637
92.464
93.493
5.280
0.746

48.014
50.796
50.959
48.386
51.994
50.516
53.918
54.161
2.300
0.649

Means in a column with different superscripts differ significantly (P≤0.05).
3
4
Se or choline supplementation
0.1 mg Se /Kg diet
0.1% choline
0.05% choline

1

6-41

2
Pooled SEM
without
5
0.05 mg Se /Kg diet +

Slaughter parameters%: As shown in Table (5), neither level of ME, type of addition nor interaction due
to level of ME effect X type of addition had any significant effect on slaughter parameters%, except, level of
ME effect with blood and feathers and type of addition with dressing% and bursa which was significantly
(P0.05) affected. Chicks fed R-150 Kcal/Kg had higher blood and feathers. Chicks fed diet containing 0.1
mg Se/Kg diet as Sel-Plex had higher value of dressing % (Table 5). Similar to the present results, Shourrap
at el. (2018) found that dressing% was increased with dietary organic Se (0.3 and 0.4 ppm/kg)
supplementations. In this regard, Balti et al. (2015) found that dressing % ranged from 66.9 to % 69.5% (0.6
and 0.0 mg Se /kg diet, respectively) and significantly (P0.01) differed between those two groups of duck.
Choct et al. (2004) found that birds receiving organic Se in their diet had improved eviscerated weight and
breast yield. A number of studies that used different forms of Se reported that dietary Se (or Se yeast)
supplementations, did not affect breast and carcass yields of broilers (Payne and Southern, 2005 and Yang et
al., 2012).
Similarly, under summer conditions no significant differences as a result of level of ME on carcass
characteristics, except, heart and total giblets%, which were significantly affected (Emam et al., 2014). As
occurred with the current study, some researchers found no significant effect of high energy diet on
abdominal fat (Giachetto et al., 2003) and breast meat yield of broiler (Dozier et al., 2006), but caused
deposition of excess abdominal or/and carcass fat in broiler (Ghaffari et al., 2007). In addition, this fat was
generally considered to be waste product when broiler were processed additional, which indicated the
economic loss for broiler producers. Further, Dairo et al. (2010) demonstrated that the body fat deposition
significantly increased in chicks fed high and normal energy inclusion in the diets resulting into a high C/P
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ratio. However, Dozier and Moran (2002) reported that feeding broiler diets formulated to contain
suboptimum levels of CP and ME impaired the quantity and yield of carcass parts.
Emam et al. (2014) indicated that under summer conditions neither choline nor interaction between
choline x level of ME Kcal/Kg diet had any significant effect on carcass characteristics. Waldroup and Fritts
(2005) demonstrated that addition of 1000 mg/kg of choline significantly improved breast meat yield at 42 d
but not at 49 days. While, Waldroup et al. (2006) reported that, no significant effects on dressing% and
significant improvements in breast meat yield were frequently observed when addition of 1000 mg of
choline/kg over the birds fed the unsupplemented diets at 42, 49, or 56 days of age.
Blood constituents: As shown in Table (6), no significant (P>0.05) differences were detected in blood
constituents due dietary ME Kcal/Kg diet, type of addition and interaction due to level of ME effect X type
of addition, except, interaction due to level of ME effect X type of addition, which was significantly (P0.05)
affected of total leucocytes. Chicks fed diet containing R with 0.1% choline had lower value of total
leucocytes, while, those fed diet containing R-150 Kcal/Kg diet with 0.1% choline had higher value of total
leucocytes at the end of the experiment. No significant differences were observed in blood constituents as a
result of choline%, dietary level of ME Kcal/Kg diet and interaction between choline% x dietary ME (Emam
et al., 2014).
In addition, Romaniiuk et al. (1995) showed that there was no significant effect of Sel-Plex on
hemoglobin (HB). Se deficiency does not necessarily affect neutrophil numbers but rather different aspects
of neutrophil function. Se deficit damages both cellular and humoral immunity (Arthur et al., 2003).
Se stimulates the immune system, strengthening proliferation of activated T lymphocytes (Rayman,
2000). Daily intake of 200 μg of Se causes increased reaction of lymphocytes to antigenic stimulation and
increase of their ability to mature to cytotoxic lymphocytes destroying tumour cells. The activity of natural
killers increases, too. This mechanism is closely connected with increased numbers of receptors for
interleukin-2 on the surface of the activated lymphocytes and natural killers. These interactions are critical
for clonal expansion and differentiation to cytotoxic T cells (Rayman, 2000 and Arthur et al., 2003).
The cell-mediated immunity in broiler chickens (lymphocyte proliferation ratio) increased linearly with
dietary organic Se concentration (Rama Rao et al., 2013).
The effects of level of ME, type of addition and treatments on blood plasma GSH-PX activity from Cobb
strain are presented in Table (6). GSH-PX activity were significantly (P≤0.01) affected by level of ME and
type of addition. Chicks fed diet containing recommended level of ME had higher value of GSH-PX at 41
days, and those fed R-150 Kcal/Kg had lower value of GSH-PX. As shown in Table (6), chicks fed 0.1 mg
Se/Kg diet as Sel-Plex had higher value of GSH-PX at 41 days and those fed control diet had the lower value
of GSH-PX. Interaction due to level of ME effect X type of addition had insignificant effect on GSH-PX.
Similar to the present results, Shourrap at el. (2018) demonstrated that at five weeks of age, supplementation
of broiler diet with organic Se (0.4, 0.5 and 0.6 ppm/kg) increased activities of GSH-PX compared to control
group (0.2 ppm/kg Se enriched yeast). Boostani et al. (2015) reported that dietary Se supplementation raised
activity of GSH-PX in serum and tissues. Further more, Chen et al. (2013) reported that oxidation resistance
of broiler was significantly improved with higher level of dietary Se. Hu et al. (2012) observed that the
maximum response of serum GSH-Px activity to dietary Se occurred by the 0.15 mg Se /kg in broiler diet.
Balti et al. (2015) stated that at the end of the study, significantly higher (P≤0.01) enzymatic activity was
determined in groups with 0.4 mg/kg and 0.6 mg/kg added Se compared to groups with lower levels of Se in
their diets (0 mg/kg and 0.2 mg/kg). Lipid peroxidation in plasma decreased, while activities of GPx and
glutathione reductase in plasma increased linearly with Se. GSH-PX activity was not correlated with dietary
Se concentrations (Zoidis et al., 2014).
Chemical composition of broiler meat: Level of ME had insignificantly affected chemical composition of
broiler meat (Table 7). Type of addition and interaction due to level of ME effect X type of addition had
insignificant effect on chemical composition of broiler meat, except, moisture%, which was significantly
(P0.01) affected (Table 7). Carcass part insignificantly influenced chemical composition of broiler meat
except, protein and fat% which was significantly affected. Rear part had higher fat% than the breast part
(5.28 vs. 1.00%), however, breast part had higher protein% (consequently lower fat%) than rear part (Table
7).
Similarly, Ragab and Osman (2008), revealed no significant difference among dietary treatments as
increasing energy level in chemical composition of broiler meat% . Also, Sevcikova et al. (2006) did not
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find any differences between control (no added Se) and Se-yeast group in dry matter, protein and
intramuscular fat of breast and thigh muscles of broilers. However, Pappas et al. (2012) found that the
intramuscular fat content of breast muscle tissue increased as the supplemented level of Se increased.
Generally, the discrepancies in responses often observed in the researches or studies in chicks fed energy,
Se and/or choline supplemented diets can be partly due to other factors. Such as, the degree of energy
restriction, diets composition, the strain and age of the chickens used and rearing environment conditions,
whether or C/P ratio imbalances. Also, may be differences in experimental designs and conditions between
these previous studies and our study could be responsible for the variations observed. In this respect,
Havenstein et al. (2003) demonstrated that bird sex, age and strain influenced the response of growing
chicken to level of dietary energy, also highlighted other factors that may effect the comparison of energy
level such as nutrient density and the nature of diet ingredients.

Table (7): Effect of dietary energy levels with or without selenium and choline supplementation on
chemical composition of broiler meat%.
Item
Level of metabolizable energy (ME) Kcal/Kg (L)
Recommended (R)
R-150
SEM1
P-value
Type of addition(T)
Without2
Selenium (Se) 3
Choline4
Mixture5
SEM
P-value
Carcasse part
Front
Rear
SEM
P-value
L × T (treatments)
Without
Selenium
R
Choline
Mixture
Without
Selenium
R-150
Choline
Mixture
SEM
P-value

Moisture

Protein

Fat

Ash

NFE

74.34
73.94
0.18
0.116

19.14
19.42
0.61
0.745

3.20
3.08
0.64
0.898

2.10
2.34
0.17
0.326

1.23
1.22
0.01
0.678

74.21b
74.01bc
73.30c
75.03a
0.25
0.001

19.92
18.73
19.84
18.62
0.86
0.580

2.73
3.41
3.44
2.96
0.90
0.930

1.90
2.62
2.19
2.16
0.24
0.231

1.23
1.22
1.22
1.23
0.01
0.964

74.42
73.86
0.26
0.136

21.26a
17.30b
0.24
˂0.001

1.00b
5.28a
0.19
˂0.001

2.10
2.34
0.17
0.330

1.23
1.23
0.01
0.761

73.59cd
74.63bc
73.39d
75.75a
74.84ab
73.39d
73.22d
74.30bcd
0.35
0.003

19.94
18.23
19.78
18.61
19.91
19.24
19.91
18.63
1.21
0.969

3.44
3.49
3.26
2.59
2.03
3.33
3.63
3.33
1.28
0.846

1.80
2.43
2.35
1.81
2.01
2.82
2.02
2.51
0.34
0.506

1.23
1.23
1.22
1.23
1.22
1.22
1.23
1.23
0.01
0.902

a–d

1
2
Means in a column with different superscripts differ significantly (P≤0.05).
Pooled SEM
without Se
3
4
5
or choline supplementation
0.1 mg Se /Kg diet
0.1% choline
0.05 mg Se /Kg diet + 0.05% choline

Economic efficiency (EEf): Results in Table (8) showed that, EEf values during the period from 6 to 41
days of age improved in chicks fed all experimental diets, except, chicks fed diet containing recommended
level of ME with 0.05 mg Se/Kg diet as Sel-Plex plus 0.05% choline (the lowest corresponding values, being
0.126 and 95.74%, respectively), as compared with those fed the control diet. Chicks fed diet 7 (R-150
Kcal/Kg diet plus 0.1% choline) had the best Economic and relative efficiency values being 0.251 and
191.34%, respectively, followed by chicks fed diet 8 (R –150 Kcal/Kg diet+ 0.05 mg Se/Kg diet + 0.05%
choline), being, (0.248 and 188.43%, respectively), then chicks fed diet 5 (R-150 Kcal/Kg diet), being (0.221
and 168.21%, respectively) as compared with those fed the control diet. The relative efficiency varied
between 100.0% to 191.34%, which is of minor importance relative to other factors of production. So,
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determination of the dietary energy content should be made on economic and not biological criterion.
However, Cerrate et al. (2007) demonstrated that the nutrient requirements of broilers are principally
determined as a purpose of the best birds performance such as LBW or FC.
In this regard, Dozier et al. (2006) established that no economic benefit was realized with using high
level of AME (over 3220 kcal/kg diet) with changing diet and meat prices. More over, Abdel-Samai et al.
(2007) found that economic efficiency was decreased linearly by fat supplementation increased in the diets.
It would be concluded that, no simple guideline can exist with regard to formulation of broiler diets
suitable for the different seasons and geographical locations or for the selection of the Economically optimal
combination of nutrition and environmental temperature. Therefore, dietary ME can be reduced from the
recommended level up to 150 Kcal/Kg diet and supplement these diets with choline, Se without affecting
Cobb broiler performance.

Table (8): Effect of dietary energy levels with or without selenium and choline supplementation on
economic efficiency (EEf) of broiler chickens.
Item
Type of
addition
Diet (D)
a1
b1
a1 x b1=c1
a2
b2
a2 x b2=c2
a3
b3
a3 x b3=c3
(c1+c2+c3)=ctotal
D
e = ctotal + d
F
G
f x g=h
h - e =i
EEf = i / e
R

Without1
D1
0.1861
591.80
110.10
1.0318
575.90
594.21
2.6364
570.40
1503.8
2208.1
1472.1
3680.2
1.8925
2200.0
4163.6
483.40
0.1314
100.00

Level of metabolizable energy (ME, Kcal./Kg diet (L))
Recommended (R)
R-150
Selenium
Choline3 Mixture4 Without Selenium Choline
(Se)2
D2
D3
D4
D5
D6
D7
0.2049
0.2059
0.2169
0.2015
0.2042
0.2121
596.80
594.80
595.80
567.40
572.40
570.40
122.26
122.47
129.23
114.34
116.86
120.98
1.0685
1.0291
1.0246
1.0488
1.0603
1.0599
580.90
578.90
579.90
548.00
553.00
551.00
620.71
595.77
594.18
574.72
586.32
583.98
2.7485
2.6625
2.6751
2.6853
2.8264
2.6378
575.40
573.40
574.40
545.10
550.10
548.10
1581.5
1526.7
1536.6
1463.8
1554.8
1445.8
2324.4
2244.9
2260.0
2152.8
2258.0
2150.7
1472.1
1472.1
1472.1
1472.1
1472.1
1472.1
3796.5
3717.0
3732.1
3624.9
3730.1
3622.8
1.9600
1.9717
1.9097
2.0117
2.0168
2.0606
2200.0
2200.0
2200.0
2200.0
2200.0
2200.0
4312.0
4337.8
4201.4
4425.8
4437.0
4533.3
515.51
620.84
469.34
800.90
706.90
910.51
0.1358
0.1670
0.1258
0.2209
0.1895
0.2513
103.37
127.16
95.74
168.21
144.28
191.34

1

Mixture
D8
0.2171
571.40
124.02
1.0839
552.00
598.29
2.8160
549.10
1546.2
2268.6
1472.1
3740.6
2.1211
2200.0
4666.4
925.83
0.2475
188.43

3
4
without Se or choline supplementation 2 0.1 mg Se /Kg diet
0.1% choline
0.05 mg Se /Kg diet + 0.05%
choline
a1, a2 and a3 ……………….average feed intake (Kg/bird) during the periods of starter, grower and finisher, respectively.
b1, b2 and b3 ……………… price / Kg feed (P.T.) during the periods of starter, grower and finisher, respectively (based on
average local market price of diets during the experimental time).
c1, c2 and c3 ……….………. feed cost (P.T.) during the periods of starter, grower and finisher, respectively.
Total feed cost (P.T.) = ctotal = (c1+c2+c3)
d …………. other costs (including chick pries and other management costs(passed on feed cost = 60% of total cost))
Total cost = ctotal + d = e
Average LBWG (Kg/ bird)
f
Price / Kg live weight (P.T.)
g……..…….…(according to the local market price at the experimental time).
Total revenue (P.T.) = f x g = h
Net revenue (P.T.) = h - e =i
Economical efficiency = (i / e) ….…………...(net revenue per unit feed cost).
Relative efficiency
r…….……….(assuming that economic efficiency of the control group (1) equals 100).
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تأثير هستويات الطاقة هع أو بدوى إضافة السيلٌيوم والكوليي علي أداء بداري التسويي
رهضاى دمحم سالهة إهام
قسن إًتاج الدواجي– كلية الزراعة -جاهعة القيوم – الفيوم -هصر
أجزي ٕذا اىبحث ىذراست حأثيز اسخخذاً ٍسخ٘ييِ ٍِ اىطبقت اىََثيت (اىَسخ٘ي اىَ٘طي بٔ ،اىَسخ٘ي اىَ٘طي بٔ –  150ميي٘
مبى٘ري/مجٌ ػييقت) ٍغ أربؼت أّ٘اع ٍِ اإلضبفبث (بذُٗ إضبفت سييْيً٘ أٗ م٘ىيٍِ0.10 ،ييجٌ سييْيً٘/مجٌ ػييقت في ط٘رة سييْيً٘
ػض٘ي (سو بينس) % 0.10 ،م٘ىيِ ٍٗ0.05ييجٌ سييْيً٘/مجٌ ػييقت  % 0.05+م٘ىيِ) .في ّظبً ػبٍيي  4x 2ىيحظ٘ه ػيي ٍ 8ؼبٍالث
غذائيت ػيي أداء بذاي اىخسَيِ .مبُ اىؼذد اإلجَبىي  192مخن٘ث غيز ٍجْس ٍِ سالىت مب ٗغذيج اىنخبميج ػَز يً٘ ٗىَذة  5أيبً ػيي ػييقت
اىَقبرّت.
ٗحٌ حيخيض اىْخبئج اىَخحظو ػييٖب مَب ييي :
األداء :اىنخبميج اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ  150 -ميي٘ مبى٘ر ٙطبقت ٍَثيت/ميي٘ جزاً ػييقت مبّج االػيي ٍؼْ٘يب في
ٗسُ اىجسٌ ػْذ ػَز  41يً٘ ٗٗسُ اىجسٌ اىَنخسب ،مَيت اىغذاء اىَسخٖينتٍ ،ؼذه اىٍَْ٘ٗ ،ؼبٍو األداء اإلّخبجي خاله اىفخزة ٍِ 41–6
يً٘ ،بيَْب اىنخبميج اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ ٍِ اىطبقت ٍَثيت مبّج األقو ٍؼْ٘يب خاله ّفس اىفخزاث اىسببقت .اىنخبميج
اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ  150 -ميي٘ مبى٘ر ٙطبقت ٍَثيت/ميي٘ جزاً ػييقت مبّج األفضو ٍؼْ٘يب في مفبءة حح٘يو مو ٍِ
اىغذاء ،اىبزٗحيِ ٗاىطبقت خاله اىفخزة ٍِ  25إىي  41يً٘ٗ ،اىخي حغذث ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ  150 -ميي٘ مبى٘ر ٙطبقت
ٍَثيت/ميي٘ جزاً ػييقت مبّج األفضو ٍؼْ٘يب في مفبءة حح٘يو اىطبقت خاله اىفخزة ٍِ  6إىي  41يً٘.
ىٌ يؤثز ٍؼْ٘يب ً ّ٘ع اإلضبفت ٗال اىخذاخو بيِ ٍسخ٘ي اىطبقت ّٗ٘ع اإلضبفت (اىَؼبٍالث اىخجزيبيت) ػيي ٗسُ اىجسٌ ٗٗسُ اىجسٌ
اىَنخسب ٗمفبءة حح٘يو مو ٍِ اىغذاء ،اىبزٗحيِ ٗاىطبقتٍ ، ،ؼذه اىٍَْ٘ٗ ،ؼبٍو األداء اإلّخبجي خاله اىفخزة ٍِ  25إىي  41يً٘ ٗ 41–6يً٘
(فخزة اىْبٕي ٗاى فخزة اىنييت ىيخجزبت) .اىنخبميج اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ ٍِ اىطبقت اىََثيت ٍغ إضبفت ٍ 0.05ييجٌ
سييْيً٘/مجٌ ػييقت ٗ %0.05م٘ىيِ مبّج االػيي ٍؼْ٘يب في مَيت اىغذاء اىَسخٖينت خاله اىفخزة ٍِ  41-6يً٘.
قيبسبث اىذبيحتٗ %قيبسبث اىذً :ىٌ ينِ ْٕبك أي حأثيز ٍؼْ٘ي ألي ٍِ ٍسخ٘ي اىطبقت أٗ ّ٘ع اإلضبفت ٗال اىخذاخو بيِ ٍسخ٘ي اىطبقت
ّٗ٘ع اإلضبفت ػيي قيبسبث اىذبيحتٗ %قيبسبث اىذً ،فيَب ػذا ّ٘ع اإلضبفت ٍغ اىْسبت اىَئ٘يت ىيخظبفي ٗاىبزسب ٗاىخي حأثزث ٍؼْ٘يبً .اىنخبميج
اىَغذآ ػيي ػييقت حح٘ي ٍ/0.1ييجٌ سييْيً٘/مجٌ ػيي قت مبّج االػيي في اىْسبت اىَئ٘يت ىيخظبفي .أيضب اىخذاخو بيِ ٍسخ٘ي اىطبقت ّٗ٘ع
اإلضبفت ٗاىخي مبُ ىٔ حأثيز ٍؼْ٘ي ػيي  . total leucocytesاىنخبميج اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ ٍِ اىطبقت اىََثيت -
 150ميي٘ مبى٘ر ٙطبقت ٍَثيت/ميي٘ جزاً ٍغ إضبفت %0.10م٘ىيِ مبّج االػيي ٍؼْ٘يب في  total leucocytesفي ّٖبيت اىخجزبت.
حأثز ٍؼْ٘يب ّشبط أّشيٌ اىجي٘حبثيُ٘ بيزٗمسيذيش بنو ٍِ ٍسخ٘ي اىطبقت اىََثيت ّٗ٘ع اإلضبفت ،اىنخبميج اىَغذآ ػيي ػييقت حح٘ي 0.10
ٍييجٌ سييْيً٘/مجٌ ػييقت مبّج االػيي ٍؼْ٘يب في ّشبط أّشيٌ اىجي٘حبثيُ٘ بيزٗمسيذيش ػْذ  41يً٘.
اىخحييو اىنيَبئي ىيحٌ بذاري اىخسَيِ :ىٌ ينِ ْٕبك أي حأثيز ٍؼْ٘ي ألي ٍِ ٍسخ٘ي اىطبقت أٗ ّ٘ع اإلضبفت ٗال اىخذاخو بيِ ٍسخ٘ي
اىطبقت ّٗ٘ع اإلضبفت ػيي اىخحييو اىنيَبئي ىيحٌ بذاري اىخسَيِ فيَب ػذا اىزط٘بت ٗ %اىخي حأثزث ٍؼْ٘يبً.
اىنفبءة االقخظبديت :ححسْج قيٌ اىنفبءة االقخظبديت ٗاىْسبيت ىينخبميج اىَغذآ ػيي مو اىَؼبٍالث اىخجزيبيت خاله اىفخزة ٍِ  41–6يً٘ ٍِ
اىؼَز فيَب ػذا اىنخبميج اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ ٍِ اىطبقت اىََثيت ٍغ إضبفت ٍ 0.05ييجٌ سييْيً٘/مجٌ ػييقت
ٗ %0.05م٘ىيِ (مبُ ىٖب أقو اىقيٌ ( 95.74 ٗ0.126ػيي اىخ٘اىي)) ػْذ ٍقبرّخٖب بخيل اىَغذآ ػيي ػييقت اىَقبرّت .فنبّج أحسِ قيَت ىينفبءة
االقخظبديت ٗاىْسبيت ىينخبميج اىَغذآ ػيي ػييقت حح٘ي اىَسخ٘ي اىَ٘طي بٔ ٍِ اىطبقت اىََثيت –  150ميي٘ مبى٘ر ٙطبقت ٍَثيت/ميي٘ جزاً ٍغ
إضبفت  %0.10م٘ىيِ ( 191.34 ٗ0.251ػيي اىخ٘اىي).
يَنِ اىخ٘طيت بأّت يَنِ خفض ٍسخ٘ي اىطبقت اىََثيت ػِ اىَسخ٘ي اىَ٘ص بٔ بَؼذه  150ميي٘ مبى٘ر/ٙميي٘ جزاً ػييقت ٍغ إضبفت
ٍ 0.10ييجٌ سييْيً٘ ػض٘ي (سو بيس)/مجٌ ػييقت ٗ أٗ %0.10م٘ىيِ بذُٗ اىخأثيز ػيي األداء اإلّخبجي ىسالىت اىنب.
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