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ABSTRACT

The purpose of this trial was to study the effects of Sccharomyces cerevisiae (Scc); Aspergillus awamori (Asp); lactobacillus
(Lac) and its mixtures as Probiotics in Gimmizah hens diets on egg quality, plasma lipids, and fatty acid profile in egg yolk. ninety six,
28 weeks old hens were fed on: layer diet as control group; layer diets contained, 0.10% Scc ; 0.05% Asp; 0.10% Lac or a mixture of
Scc and Asp; Scc and Lac; Asp and Lac; Scc, Asp and Lac. The experimental period was 16 weeks. Egg and albumen weights were
increased in all treatments compared to the control group. The synergistic effects (P<0.05) of Scc, Asp and Lac on egg weight and yolk
color scores were observed. Dietary experimental treatments did not affect the weights of the shell and yolk, also, the height of the egg
yolk or albumen. On the other hand, the synergistic effect attributed to the combination of Asp and Lac caused significant reduction in
plasma total cholesterol, triglycerides and LDL (P<0.01), while, Plasma HDL increased significantly (P<0.01) in all treatment groups as
compared to control group. Interestingly, the saturated (SFA) and unsaturated fatty acids (USFA) in egg yolks of the treatments
compared to the control. In conclusion, the combined supplementation of the biological growth promoters (Saccharomyces cerevisiae,
Aspergillus awamori and Lactic acid bacteria) in the hen’s diet can change the fatty acid composition of the egg yolk and improve egg

quality.
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INTRODUCTION

Breeders in poultry farms that fundamentally raise
laying hens are focus on increasing weight of eggs, egg
yield additionally increasing internal quality (decreasing
egg content of cholesterol to enhance economic
performance and market portion). When breeders trying to
enhance the quality of egg, they should give careful
consideration to the component of egg production and the
health condition of the layers.

For centuries, Probiotics and prebiotic have been
consumed as natural ingredients in food or fermented
foods. Probiotics are live microbial feed supplements
which beneficially affect the host animal by improving its
intestinal ~ microbial balance. For that, several
microorganisms have been used in Probiotic preparations
for animal feed. These are lactic acid bacteria (Lac),
Aspergillus, Lactobacillus acidophilus L. bulgaricus,
Lactobacillus  casei,  Streptococcus  thermophilus,
Enterococcus faecalis, Bifidobacterium. In this series,
Fuller (1989) reported that all previous strains are gut
strains, except Lactobacillus bulgaricus and Streptococcus
thermophilus, which are considered to be yogurt starter
organisms.

Many in vivo and in vitro studies demonstrated that
commensal intestinal microbiota can restrain pathogens.
Intestinal microbiota disorders can lead to pathogen
infection, while the prebiotics and probiotics addition
increases protection against harmful microorganisms
(Stavric and Kornegay, 1995; Rolfe, 2000). Davis and
Anderson, 2002; Balevi et al., 2009 and Saleh et al. (2017)
showed that adding probiotics to laying hens' diets help to
increase feed efficiency and egg production due to
increased nutrient digestibility. Moreover, probiotics can
control the growth of pathogenic bacteria, which then help
to modulate intestinal microflora (Yu et al., 2008). In
addition, dietary probiotics is important in lipid metabolism
alteration in hens and broilers. In this respect, Mohan et al.
(1995) indicated that probiotics can reduce total cholesterol

and triglyceride levels in egg yolk and serum (Kalavathy et
al., 2009; Saleh et al. 2012b; Saleh 2013, 2014).

Many authors have used Aspergillus awamori and
yeast (especially Saccharomyces cerevisiae) as probiotics
(Montes and Pugh, 1993; Kautz and Arens, 1998; Saleh et.
al., 2011, 2012a). The Aspergillus and Saccharomyces
have many industrial applications including those brewing,
distillation and baking industries (Raper and Fennell,
1965). So far, information on Probiotics based on
Aspergillus awamori has been lacking, although its use in
poultry production is increasing (Saleh et al., 2011). Lactic
acid bacteria are symbiotic in the digestive tract of birds
which enhance immunity by controlling pathogenic
bacteria (Zulkifli et al., 2000). Lactic acid bacteria have
adhesive properties and can be colonies' different parts of
digestive tract (Jin et al., 1997). In this regard, the aim of
this study was to explore Saccharomyces cerevisiae,
Aspergillus awamori and Lactobacillus as probiotic strains,
and to study the synergistic effect of their combinations on
egg quality, fatty acid profile in egg yolk and some plasma
variables in Gimmizah laying hens.

MATERIALS AND METHODS

The experiment was conducted at the poultry farm
at El-Gimmizah station, which belongs to the Animal
Production Research Institute, Agricultural Research
Center. All procedures used in this study were approved by
the Animal Ethics Committee of the Animal Production
Research Institute, Agricultural Research Center (Egypt) .
Experimental birds and diet

Ninety-six Gimmizah hens (28 weeks old) had
nearly similar body weight (BW) were immunized for
infectious bronchitis (IB) and Newcastle disease virus
(NDV), also, for drop syndrome disease of egg. Birds were
randomly divided into 8 experimental groups (12 laying
hens in each, which were housed individually in galvanized
wire cages. Each cage is outfitted with a separate nipple
drinker and individual metal feed trough. The photoperiod
was 16 hours a day. All hens are kept under the same
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environmental and hygienic conditions. The study started at
28 weeks of age and lasted for 16 weeks (44 weeks of age).
Hens of control group were fed a corn-soy basal diet without
any additives. The basal diet (BD) was formulated to meet or
exceed layer requirements (CP 17% and ME 2750 kcal / kg).
The other 7 experimental groups, depending on the type of
probiotics added, were classified as follows: the BD
supplemented with 0.1% Saccharomyces cerevisiae (Scc),
0.05% Aspergillus awamori (Asp), 0.1% lactic acid bacteria
(Lac) and a mixture of the three probiotics. The yeast, fungi
and bacteria used here were mixed in the basal diet. The
number of S. cerevisiae spores was 2 x 1010 CFU / g, the
Aspergillus spores were about 25 x 104 / g diet and lactic
acid bacteria (Lactobacillus planetarium) F-564 CFU 1.2 x
1012 /g.

Recorded Features and Applied Methods:

Egg Quiality and yolk fatty acids:

Egg quality examination (shell, egg yolk and
albumen weights, egg yolk and albumen heights, and egg
yolk color) were measured at 36 (wks) age and at the end
of the experiment. Five eggs were taken randomly from
each experimental group at 36 weeks and 44 weeks of age.
Eggs were weighed individually. After breaking the eggs,
the albumen and yolk height were measured. The yolk
color score was determined by Roche yolk color fan. The
albumen weight was calculated by subtracting the weight
of the yolk and shell from the whole egg weight. Adherent
albumen in eggshell was cleaned and membrane was
removed, the shell was dried (at room temperature) and
then weighed to the nearest 0.01 g. evaluation of egg
quality and weight was performed on individual eggs.
Fatty acid profiles in diet and egg yolk were measured
according to the method of Saleh (2013).

Blood plasma variables:

Blood samples were taken from five hens in each

treatment from wing vein of into heparinized tubes. Blood

plasma was isolated by centrifugation at 4000 rpm for 10
min. Plasma concentrations [glucose, total cholesterol,
triglycerides, high density lipoprotein (HDL), low density
lipoprotein (LDL) and activity of transaminases (AST and
ALT) were calorimetrically determined by commercial
kits, (Bio-Merieux Moreyl Rtiols charborm minerels),
Raiss/France).

Table 1. The composition of the basal ¢control } diet.

Ingredients %
Yellow corn 65.24
Soybean meal 44% CP 25.00
Dicalcium phosphate 1.50
Limestone 7.60
Sodium chloride 0.30
Vit. & Min.-premix 0.30
DL-Methionine 0.06
Total 100
Calculated analysis**;

CP% 16.54
ME (Kcal/kg) 2743
Ether extract % 2.67
Crude fiber % 2.80
Calcium % 3.33
Avaliable phosphorus % 0.51
DL-Methionine % 0.32
L-Lysine

% 0.83

CP: Crude protein, ME: metabolizable energy

* Each 3 Kg of Vit and Min. premix contains: Vit. A (10000000 1U),
vitD3 (2000000 1U), VitE (10000mg), VitK3 (1000mg), Vit. Bl
(1000mg), Vit. B2 (5000mg), Vit. B12 (10 mg), Vit. B6 (1500mg),
Niacin (30000mg), Pantothenic acid (10000mg), Folic acid(1000mg)
Biotin (50mg), Choline (300000 mg), Copper (4000 mg),
lodine(300mg), Iron (30000 mg), Zinc (50000 mg) Manganese (60000
mg), Selenium (100mg) and 100mg Cobalt and CaCOs; as carrier to
3000g. **Calculated analysis according to NRC ¢1994).

Table. 2. Fatty acids profile of the experimental diets ¢g.100 g* ) *

Experimental diets

Fatty acids 1 5 3 5 6 7 8

C14:.0 0.22 0.46 0.29 0.45 0.28 0.35 0.47 0.58
C16:0 11.65 12.68 13.11 10.71 11.76 9.98 10.76 10.99
C18:0 3.67 4.05 2.23 331 2.98 416 247 3.16
C18:1 23.08 25.14 2831 33.16 28.00 27.15 22.38 3114
C18:2 49,52 4557 50.10 44.48 43.16 42.18 4413 4851
C18:3 3.33 411 12.05 4.48 2.18 5.58 7.49 8.18

* the values are expressed on a dry matter basis.

Statistical Analysis:

The differences among treatments were performed
using one-way ANOVA design using SPSS Statistics
(SPSS, 2008). One-way ANOVA was used to show the
effects of feed additives (Scc, Asp and Lac and their
combinations). Tukey's multiple comparison test was used
to identify which treatments were significantly different
from each other at a significance level of P<0.05.

RESULTS AND DISCUSSION

Egg Quality traits:

The effect of dietary supplementation with Scc, Asp,
Lac and the mixtures of these three types on egg quality of
Gimmizah laying hens are shown in Table (3). Differences
in yolk and shell weights or the heights of aloumen and yolk
among the treatment groups were not significant. However,

egg weight, albumen weight and egg yolk color score
synergistically increased by feeding a diet containing a
combination of Scc, Asp and Lac. As a result of the
probiotic supplementation observed in this study. The
improvement in egg quality is mainly reflected by the
increase in egg weight. Similar results were reported in hens
by Davis and Anderson (2002) and Kalavathy et al. (2009).
Also, dietary feed live Lactobacillus acidophilus culture
significantly (P<0.05) increased egg production (Miles et al.,
1981). Inclusion of probiotics insignificantly effect on egg
weight (Mohan et al., 1995; Haddadin et al., 1996; Chen and
Chen, 2003). Also, many reports which have different results
(Tortuero and Fernandez, 1995), this difference might be
linked to type and strain of probiotics used, or level and form
of bacteria used such as viability and dryness of their
products. The same authors reported that, supplementation
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of vital biomass of probiotic significantly affected on egg
weight. Also, Nancy Shearan et al., (2017) reported that,

probiotic and prebiotic supplementation to layers diet had
significant increase in egg weight.

Table 3. Effects of single and combined supplementation of Sccharomyces cerevisiae (Scc) Aspergillus awamori
(Asp) and lactic acid bacteria (Lac) in laying hen diets on egg quality of Gimmizah chickens.

Egg weight  Shell weight ~ Yolk weight Albumenweight  Albumen  Yolk height  Yolk color

Treatment A
(9) (9) (9) mm height (mm) (mm) score

Control 52.33+1.47° 8.35+0.84 18.01+0.42 25.97+1.05° 7.98+0.74 19.07+1.13  7.07+0.54°
Scc 5320+0.69° 843+139 1697+068 27.80+111%® 7.94+0.67 19.82+046 7.50+0.67%
Asp 55.67+1.28° 823+100 1752+045 2992+090* 711+052 2040+031 7.60+0.45?2
Lac 5575+1.63* 790+0.79 17.73+0.89 30.12+116* 7.82+0.22 1945+036 7.57+091%
ScexAsp 56.33+1.85 830+1.18 1870+0.71 2933+ 1.02% 7.26+0.35 20.27+0.63 7.53+0.80%
Aspx Lac 56.55+1.622  8.90+0.36 1843+0.78 29.22+093% 754+029 1935+0.68 7.63+0.61%®
Scex Lac 55.82+153 845+056 18.82+0.20 2855+150% 7.62+050 20.17+0.42 7.67+0.80%®
SccxAspxLac 56.63+0.97¢ 884+115 1801+056 29.78+458% 7.72+0.21 20.00+0.25 7.83+0.70%
Sig * NS NS * NS NS *

Scc, Asp and Lac were added to the basal diet at levels of 0.1%, 0.05% and 0.10%b, respectively. a and b Means within the same column with
different superscripts are significantly different at P<0.05. NS: not significant (P>.05). * Significant at P<0.05.

The addition of biological additives did not
significantly affect the egg weight (Nahashon et al., 1996;
Haddadin et al., 1996). These controversial results might
be related to the probiotic dose and bacteria concentration
used in diet (Saleh et al., 2017).

On the other side, probiotic supplemented had no
significant effect on yolk weight and yolk and albumen
heights. This response was predictable which has already
been reported by Haddadin et al. (1996) and Chen and
Chen (2003). On the other hand, Jensen et al. (1978)
showed significant enhancements in interior egg quality
which measured using Haugh Units in hen fed diets
containing corn fermentation soluble.

Blood parameters:

Data presented in Table (4) introduce the effect of
adding Scc, Asp, Lac and their mixtures to the diet on
some blood plasma parameters. Plasma glucose,
triglycerides, total cholesterol and LDL were decreased by
feeding combination of Asp and Lac. Activity of plasma
transaminases (AST and ALT) significantly decreased in
hens fed diet had Scc and Asp. However, all treatment
groups had elevated HDL concentration compared with
control group. Feeding a diet including probiotic has a
negative effect on triglycerides and total cholesterol in
blood plasma of chickens (Mohan et al., 1995; Saleh,
2014; Saleh et al., 2011, 2017).

Table 4. Effects of single and combined supplementation of Sccharomyces cerevisiae (Scc) Aspergillus awamori
(Asp) and lactic acid bacteria (Lac) in laying hen diets on some blood plasma variables of Gimmizah

chickens.
Tri . Total

Treatment riglyceride cholesterol LDL HDL Glucose AST ALT

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (VL) (UL
Control 94.60+0.45° 90.00+0.922 47.15+0.1.40% 23.93+0479 210+7.63° 48.33+1.37¢  24.03+0.86¢
Scc 81.13+0.52P 76.36+055° 31.43+0.76° 28.70+0.35° 271+2.91° 55.33£1.33*  29.17+0.67°
Asp 67.10+0.58¢ 63.40+0.87¢ 20.78+0.1.409 29.20 £0.72  236+7.18" 58.27+2.19%  29.73+0.83°
Lac 66.70 £0.25¢ 62.73+0.759 2373+1.00¢ 25.67+0.32¢ 261+2.73 57.37£1.70®  30.23+0.37°
ScexAsp 64.67+0.20¢ 61.20+1.189 1554+1.14¢ 3273+151% 258+7.81° 37.47+0.81°  22.83+0.28¢
Aspx Lac 53.70£0.91¢ 56.70+1.82¢ 14.16+0.97° 31.80+0.92% 212+1.57¢ 51.83+1.01¢  26.90+0.26°
Scex Lac 67.33+1.23° 7350+0093°¢ 2753+1.37°¢ 3250+052% 264+3.48*  56.37+2.00%  29.83+0.38°
ScexAspxLac 8250+0.47° 80.17+0.15° 32.30+0.35° 31.37+0.33% 242+2.02" 60.57+0.84%  31.87+0.12%
Slg ** ** ** **x kk sksk k%

Scc, Asp and Lac were added to the basal diet at levels of 0.1%, 0.05% and 0.10%, respectively. a, b and ¢: Means within the same column with
different superscripts are significantly different at P<0.05. NS: not significant. **: significant at P<0.01.

Also, probiotic supplementation (bacteria) led to
reduction in serum total cholesterol levels from 176.5 to
114.3 mg/dl in White Leghorn layers (Mohan et al., 1995).
Hajjaj et al., (2005) showed that potential mechanism
cholesterol-lowering action of Aspergillus Oryzae could be
due to the inhibition of the activity of the 3-hydroxyl-
3methylglutaryl-coenzyme (HMG-CoA) reductase, which
is rate-limiting enzyme pathway of cholesterol
biosynthesis. The HMG-CoA reductase inhibitor produced
by Aspergillus spp. might be responsible for the reduced in
abdominal fat deposition. This inhibitor might affect fat
deposition by influencing the activity of hormone-sensitive
lipase and malate dehydrogenase enzyme in adipose tissues
(Mersmann, 1998). In addition as reported by Klaver and
Van Der Meer, (1993). Mechanism through which
probiotic culture can exert its hypocholesterolemic action
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is via bile acids. Cholic and Deoxycholic bile acids are
produced from cholesterol by hepatocytes and are
conjugated with taurine, respectively. These bile acids
enter the small intestine, where they are absorbed and
directed to the bird liver, and a decrease in bile acid
recycling would ultimately result in lowering serum
cholesterol concentrations because cholesterol is used for
bile acid synthesis (St-Onge et al., 2000). Many research
findings also reported that, supplementation of Probiotics
had significant reduction on serum cholesterol level (Chitra
et al., 2004; Mahdavi et al., 2005 and Cenesz et al., 2008).
On the same hand, results of Shirley Gee et al.,(2017)
indicated that, supplementation of prebiotic IMO
(produced by the enzymatic conversion of starch),
probiotic (a mixture of lactobacillus acidophilus,
lactobacillus casei, Bifidobacterium bifidum, Streptococus
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faecium and Aspergillus oryzae or a combination of them
decreased plasma total cholesterol, LDL and ALT at 36
and 52 weeks of age.

Eqgg yolk fatty acid profile:

The effects of feeding Scc , Asp or Lac and their
combinations on the egg yolk fatty acid profile in laying
hens are presented in Table (5). Egg yolk content of
myristic, palmitic and stearic acids were decreased by
feeding Scc or Asp or Lac and their combination. On the
other hand, the content of palmitoleic acid and a-linolic
acid in the egg yolk were increased by feeding the
combination of Asp and Lac. Oleic acid and arachidonic
acid were increased by feeding a diet having Scc compared
to the control group. In addition, Linolic acid was
increased by feeding a diet having the three additives (Scc,

Asp and Lac), compared to other treatments applied or
control group. As a result, saturated fatty acids (SFA) were
reduced due to feeding the experimental diets . Some
studies have shown that different types of probiotics
produce oleic acid (n-9) and linoleic acid (n-6) which are
the most common unsaturated fatty acids. In this regared,
linoleic acid is a main component of fungal and bacteria
lipid. (Mazur et al., 1991; Calvo et al., 2001; Wilson et al.,
2004; Tsitsigiannis et al., 2004). Therefore, the increase in
oleic, linoleic and a-linolenic acid in the egg yolk may be
due to the intestinal activitiy of Aspergillus spp and
Lactobacillus. This can also mean that Asp. produces a
desaturase that can change saturated fatty acid to
unsaturated fatty acids (Wilson et al., 2004; Saleh, 2014;
Saleh et al., 2013; 2017).

Table 5. Effects of single and combined supplementation of Sccharomyces cerevisiae (Scc) Aspergillus awamori
(Asp) and lactic acid bacteria (Lac) in laying hen diets on fatty acid methyl esters (FAME) content in egg
yolk (% of total fatty acid content) of Gimmiza chickens.

Treatment C14:.0 C16:0 C18:0 Ci16:1 C18:1 Ci18:2 C18:3 C20:4 TSFA TUSFA 'ITSSFI':A/{\ TPUSFA
Cont 23+ 287+ 117+ 45+ 426+ 537+ 42+ 04+ 427+ 57.3% 0.74% 483+
0.068 0.05* 0.06* 006> 0069 0197 0.06F 0.06%® 0.06° 0.06 0.0022 0.07f
Sce 20+ 233+ 107+ 38+ 445+ 640+ 78% 22+ 342+ 65.8+ 0.52+ 1110+
0.06° 005" 0.06° 0.06° 0.06* 006 006% 006* 0.06 0.06° 0.001¢ 0.15°
Asp 030+ 229+ 89+ 32x 429+ 740+ 90+ 19+ 321t 67.9 047+ 1440 £
0.06® 0.05¢ 0.069 0119 006° 0.06° 006° 0.06° 0.06' 0.06° 0.001f 0.06°
Lac 030+ 252+ 93+ 45+ 422+ 783+ 76+ 183+ 3480+ 652+ 0.53% 10.67 £
0.06% 0.05° 0.06f 0.05° 0.00f 0.07° 0.06° 0.09° 0.15° 0.154 0.004¢ 0.15°
ScexAsp 040+ 236+ 110+ 37+ 434+ 840+ 80+ 037+ 350+ 65.0+ 0.54+ 9.50 +
0.06° 0.05° 012° 0.05° 0.069 0062 0.069 0.09¢ 0.0° 0.0¢ 0.001° 0.06°
Aspx Lac 120+ 229+ 96+ 48+ 424+ 776+ 99+ 060+ 33.7+ 66.3+ 0.51+ 1133+
0.06> 0.059 0.06° 005 0.06° 0.09° 0062 006 012 0.12° 0.003¢ 0.09°
Scex Lac 130+ 254+ 108+ 45+ 418+ 596+ 86+ 057+ 375+ 62.5% 0.60+ 10.17
0.06" 0.05° 0.06™ 0.05° 0.099 0.09¢ 0.22¢ 0.07% 0.06 0.06¢ 0.001° 0.9¢
ScexAspxLac 100+ 239+ 99+ 32+ 428+ 860* 7.8% 083+ 348+ 65.1% 0.54+ 1047
0.06° 0.03¢ 0.09¢ 0.09° 0.06° 006 006* 003° 018 0.184 0.004¢ 0.03«
Slg *x * NS NS *x * *% ** sksk sksk sksk **

Scc, Asp and Lac were added to the basal diet at levels of 0.1%, 0.05% and 0.10%, respectively. a, b and c: Means within the same column with
different superscripts are significantly different at P<0.05. NS: not significant. * significant at P<0.05 **: significant at P<0.01.
C14:0 (Myristic), C16: 0 (Palmitic), C18: 0 (Stearic), C16:1(Palmitoleic), C18: 1 (Oleic), C18: 2(Linoleic), C18: 3 (a-Linolenic) and C20: 4

(Arachidonic acid).

CONCLUSION

The diet supplemented with Saccharomyces
cerevisiae, Aspergillus awamori and Lactic acid bacteria as
probiotics have a potential for improving egg quality and
the fatty acid profile in egg yolk as well as to the plasma
lipid profile in laying hens.
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