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Abstract

This study was carried out to determine the effects of dietary inactive yeast and live yeast on performance, egg quality traits, some blood
parameters and antibody production to sheep red blood cell (SRBC) of laying hens during 16 weeks. A total of 96 Hyline Brown laying hens
were allocated into one control group and three treatment groups each containing 24 hens. Each group had six replicate groups of 4 hens.
A basal diet was supplemented with 1 g/kg inactive yeast (yeast autolysate, InteWall, Saccharomyces cerevisiae), 0.5 g/kg live yeast (InteSacc,
Saccharomyces cerevisiae) and 1 g/kg inactive yeast + 0.5 g/kg live yeast in the diets of the first, second and third treatment groups, respectively.
At the end of the study the results indicated that dietary treatments did not affect feed intake, interior and exterior egg quality characteristics.
Dietary inactive yeast supplementation improved hen-day egg production (P=0.024) and feed conversion ratio (P=0.017) and decreased egg
yolk cholesterol concentration (P=0.013). Antibody titers against SRBC and blood serum parameters were not affected by dietary treatments.
The significant interaction was found in egg yolk cholesterol concentration (P=0.032) between inactive yeast and live yeast. As a result dietary
inactive yeast at the level of 1 g/kg had beneficial effects in laying performance and in low cholesterol-egg production.
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Yumurta Tavugu Karma Yemlerine inaktif Maya ve Canli Maya
llavesinin Performans, Yumurta Kalite Ozellikleri, Bazi Kan
Parametreleri ve SRBC’ye Karsi Antikor Uretimi Uzerine Etkileri

Ozet

Bu arastirma yumurta tavugu karma yemlerine inaktif maya ve canli maya ilavesinin performans, yumurta kalite 6zellikleri, bazi kan
parametreleri ve koyun eritrositine karsi (SRBC) antikor Uretimi Uzerine etkilerini 16 hafta stireyle incelemek amaciyla yapilmistir. Toplam 96
adet Hyline kahverengi yumurta tavugu her biri 24 adet iceren bir kontrol grubu ve lic deneme grubuna ayrilmistir. Gruplar her birinde 4 tavuk
bulunan alti tekerrlir grubu kapsayacak sekilde diizenlenmistir. Bazal karma yeme 1 g/kg inaktif maya (maya otolizati, InteWall, Saccharomyces
cerevisiae), 0.5 g/kg canli maya (InteSacc, Saccharomyces cerevisiae) ve 1 g/kg inaktif maya+0.5 g/kg canli maya ilave edilerek sirasiyla birinci,
ikinci ve liciincii deneme gruplari karma yemleri olusturulmustur. Deneme sonucunda gruplar arasinda yem tiketimi ile i¢ ve dis yumurta
kalite 6zellikleri bakimindan farklilik gézlenmemistir. Karma yeme inaktif maya ilavesi yumurta verimini (P=0.024) ve yemden yararlanma
oranini (P=0.017) olumlu yénde etkilemis ve yumurta kolesterol konsantrasyonunu ise (P=0.013) azaltmistir. Gruplar arasinda SRBC'ye karsi
antikor Gretimi ve kan serum parametreleri bakimindan farklilik gézlenmemistir. inaktif maya ve canli maya arasinda yumurta sarisi kolesterol
konsantrasyonu bakimindan 6nemli interaksiyon (P=0.032) bulunmustur. Sonug olarak inaktif mayanin 1 g/kg diizeyinde karma yeme ilave
edilmesinin yumurta performansi ve disuk kolesterolli yumurta tretiminde yararli olacagi kanisina variimistir.

Anahtar sozciikler: Canli maya, inaktif maya, Kan parametreleri, Performans, Yumurta kalitesi
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INTRODUCTION

Yeast products have been used increasingly in poultry
diets as a feed additive after the ban on the use of
antibiotic growth promoters in the EU. Inactive yeast as a
prebiotics and live yeast as a probiotics are very important
in growth promotion and disease resistance for poultry
nutrition. Moreover, the effects of probiotics or prebiotics
on the performance of livestock are contradictory with
the improvements in some feeding trials ™.

There are some reports about the usage of various
yeast and yeast products such as inactive dry yeast, yeast
culture, yeast autolysate, yeast cell wall and live yeast in
the diets of laying hens on performance 2#. Yalcin et al.®
reported that yeast autolysate as inactive yeast at the levels
of 2, 3 and 4 g/kg had beneficial effects on performance,
egg cholesterol content and humoral immune response.
However Sacakli et al® concluded that inactivated brewer’s
yeast (Saccharomyces cerevisiae) had no beneficial effect
on production parameters of hens fed with optimal
diets and reared under proper management conditions.
Hassanein and Soliman ! concluded that dietary live yeast
(Saccharomyces cerevisiae) supplementation at 4 and 8 g/kg
can enhance the productive performance and nutrient
utilization via the inhibitory effect of yeast against
pathogenic bacteria. Chumpawadee et all'"® observed that
cassava yeast as probiotic source had positive effect on
egg weight and egg shell thickness but had negative effect
on egg production. Similarly, Dizaji and Pirmohammadi '
reported that addition of yeast products to diets decreased
egg production in laying hens. In the study of Ayasan et
al.l'? dietary probiotic supplementation did not affect feed
intake, feed conversion efficiency, egg weight, egg shell
thickness and egg shape index but affected egg production
and egg weight. However, as far as we know, there is no
published report on the interaction of dietary inactive
yeast and live yeast in laying hens. It was hypothesized
that these two feed additives given in combination might
enhance performance, egg traits and immune system.

Therefore the purpose of this study was to examine
the effects of the dietary inactive yeast and live yeast on
performance, egg quality traits, some blood characteristics
and antibody titers to SRBC in laying hens.

MATERIAL and METHODS

Animals and Diets

A total of 96 Hyline Brown laying hens aged 54 wk
were randomly assigned to one control group and three
treatment groups each containing six replicate groups of
4 hens. They were housed in cages (30 cm x 44 cm x 44 cm)
in a windowed poultry house with a 16/8 h light/dark
regimen. Feed in mash form and water were provided ad
libitum during the 16 wk experimental period. The diet was

formulated to meet or exceed the nutrient requirements
for Hyline Brown commercial layers '3l The ingredients
and chemical composition of the basal diet are shown
in Table 1. The basal diet was supplemented with 1 g/kg
inactive yeast, 0.5 g/kg live yeast and 1 g/kg inactive yeast
+ 0.5 g/kg live yeast in the diets of the first, second and
third treatment groups, respectively. Inactive yeast (yeast
autolysate, Saccharomyces cerevisiae, InteWall) and live
yeast (InteSacc, Saccharomyces cerevisiae, 1x10° cfu/g)
derived from baker’s yeast were obtained from Integro
Food and Feed Manufacturing Company (istanbul-Turkey).
All animal use protocols were in accordance with the
Directive 2010/63/EU of the European Parliament and the
Council of September 22, 2010 on the protection of animals
used for scientific purposes ", This study was conducted by
the researchers based on protocols by Ankara University
Ethical Commission Report (No: 2008/18/72).

Measurements, Sample Collection and
Laboratory Analysis

Nutrient composition of basal diet were determined
according to the AOAC "\, The samples were ashed in a
muffle furnace prior to the analysis of calcium and total
phosphorus '8'7. Metabolizable energy levels of samples
were estimated using the Carpenter and Clegg’s equation 1'%,

Hens were observed daily for evaluating mortality
during the experiment. Eggs were collected daily and egg
production was expressed on a hen-day basis. All the eggs
laid during the last two consecutive days of every week
were collected and weighed individually to determine
the egg weight. Feed intake was recorded biweekly and
calculated as g per day per hen. The feed conversion ratio
was calculated as g feed per g egg.

Table 1. Ingredients and chemical composition of the basal diets

Tablo 1. Bazal karma yemlerin yapisi ve kimyasal bilesimi

Ingredients (g/kg) Chemi(cAarI.aCI;Te[:‘())sition

Com 6155 (Mkf;f/tl’(g')izab'e energy’ | 759
Soybean meal, 44% CP 215.5 | Crude protein (g/kg) 167.0
Full fat soya, 38% CP 50.0 | Calcium (g/kg) 40.6
Limestone 95.0 | Total phosphorus (g/kg) 6.2
Dicalcium phosphate 17.0

Salt 25

DL-Methionine 2.0

Vitamin mineral premix? 25

9 Supplied the following per kilogram of diet: 12.000 IU vitamin A, 2.400 U
vitamin D,, 30 mg vitamin E, 2.5 mg vitamin K, 2.5 mg vitamin B,, 6 mg
vitamin B,, 4 mg vitamin B, 20 mg vitamin B,,, 25 mg niacin, 8 mg calcium-
D-panthotenate, 1 mg folic acid, 50 mg vitamin C, 50 mg D-biotin, 150 mg
choline chloride, 1.5 mg canthaxanthin, 0.5 mg apo carotenoic acid esther,
80 mg Mn, 60 mg Zn, 60 mg Fe, 5 mg Cu, 1 mg I, 0.5 mg Co, 0.15 mg Se;
bMetabolizable energy content of diets was estimated according to the
equation of Carpenter and Clegg "'
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To determine the egg internal and shell quality
characteristics, 120 eggs laid at 09:00 to 12:00 h were
collected randomly from each group (20 eggs from each
replicate in total) during four consecutive days of last two
weeks. Each egg was weighed and their shape index, shell
breaking strength and shell thickness were measured.
Then yolk height, alboumen height, yolk width, albumen
width and albumen length were determined. By using
these values, yolk index, albumen index and Haugh units
were calculated as shown with Yalcin et al.®. Egg internal
and external quality analysis were completed within 24 h
of the eggs being collected . Egg quality evaluation was
performed for individual eggs, as it was done in relation to
egg weight.

At the end of the experiment, 18 eggs per each group
(3 eggs from each replicate) were randomly chosen to
determine yolk cholesterol. Eggs were boiled for 5 min. Egg
yolk was blended with isopropyl alcohol with a volume of
10 ml per g of yolk . Cholesterol content of this extract
was determined according to the enzymatic method of
TECO 29, Yolk cholesterol was calculated and expressed as
mg per g yolk.

At the 13" wk of the experiment, all hens were injected
with 0.1 ml of 0.25% suspension of sheep erythrocytes
(SRBQ) in phosphate buffer saline. Circulating anti-SRBC
antibody titers were determined by the microhem-
agglutination technique from samples taken at 5 days
after the immunization. All titers were expressed as the
log, of the reciprocal of the the serum dilution®".

Blood samples were collected from vena brachialis
under the wing from all fed hens at the end of the
experiment and centrifuged at 3.000 x g for 10 min. Serum

was collected and stored at -20°C for determination of
total protein, albumin, uric acid, triglyceride, cholesterol
and levels of aspartate amino transferase (AST), alkaline
phosphatase (ALP) and alanine amino transferase (ALT) by
Vitros 350 autoanalyzer (New York, USA; Product code 680-
2153) using their accompanying commercial kits 2.

Statistical Analysis

Statistical analysis were done using SPSS program
(SPSS Inc., Chicago, IL, USA). The experimental unit was the
cage (n=6). The normality of data distribution was checked
using the Kolmogorov-Smirnov test. The effects of inactive
yeast and live yeast were examined by two-way ANOVA.
Values were reported as means + SEM. When interaction
between inactive yeast and live yeast was detected, one-
way ANOVA with Duncan test was used to determine the
differences among the groups 2%, Level of significance was
taken as P<0.05.

RESULTS

The effects of dietary inactive yeast and live yeast
on laying performance are shown in Table 2. Dietary
treatments did not significantly affect feed intake and
egg weight. However hen-day egg production (P=0.024)
and feed conversion ratio (P=0.017) was improved by
inactive yeast supplementation. No interactions were seen
between inactive yeast and live yeast in feed intake, egg
production and feed conversion ratio. No mortality was
seen during the 16 wk experimental period.

The inclusion of inactive yeast or live yeast in the diet of
laying hens had no significant effect (P>0.05) on the values
of internal and external egg quality characteristics (Table 3).

Table 2. The effects of dietary supplementation of inactive yeast and live yeast on performance characteristics in laying hens

Tablo 2. Karma yemlere inaktif maya ve canli maya ilavesinin yumurtaci tavuklarda performans olciitleri iizerine etkileri

Inactive Yeast Live Yeast Feed Intake Hen-day Egg Production Egg Weight Feed Conversion Ratio
(g/kg) (g/kg) (g/day per hen) (%) (9 (g feed/g egg)
0 112.7 88.20° 66.12 1.942
1 1134 91.39° 67.03 1.85°
0 113.2 88.71 66.80 1.91
0.5 112.9 90.88 66.40 1.88
0 0 112.8 86.39 66.04 1.98
1 0 113.5 91.03 67.47 1.85
0 0.5 112.5 90.01 66.20 1.89
1 0.5 1133 91.74 66.58 1.86
SEM 0.9 1.31 0.53 0.03
Two way ANOVA (P values)
Inactive yeast 0.413 0.024 0.102 0.017
Live yeast 0.778 0.113 0.495 0.225
Inactive yeast X Live yeast 0.936 0.279 0.334 0.158
@b Means results within columns with different letters are significantly different (P<0.05); n =6
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There were no interactions in these egg characteristics
between inactive yeast and live yeast. Dietary inactive
yeast supplementation decreased egg yolk cholesterol
concentration (P=0.013). The interaction in egg yolk
cholesterol content (P=0.032) between inactive yeast and
live yeast was also observed.

Dietary supplementation of inactive yeast and live
yeast did not affect blood serum parameters and antibody
titers against SRBC (Table 4). No interactions were also seen in
these values.

DISCUSSION

Dietary inactive yeast supplementation improved hen-
day egg production (P=0.024) and feed conversion ratio
(P=0.017) and did not significantly affect feed intake and
egg weight. However feed intake, hen-day egg production,
egg weight and feed conversion ratio were not affected by
live yeast inclusion. Some researchers also reported that
inactive yeast 3°62*2% and live yeast 819261 had no effect on
feed intake of hens. Similarly, some researchers observed

Table 3. The effects of dietary supplementation of inactive yeast and live yeast on egg quality characteristics and egg yolk cholesterol concentrations in

laying hens
Tablo 3. Karma yemlere inaktif maya ve canli maya ilavesinin yumurtaci tavuklarda yumurta kalite 6zellikleri ve yumurta sarisi kolesterol konsantrasyonu
lizerine etkileri
Inactive Live Yeast Shape Breaking :Shell Alblfmen Albumen | YolkIndex | Haugh Unit ol
Yeast (g/kg) (g/kg) Index (%) Strength Thickness Height Index (%) (%) (%) Cholesterol
(kg/cm?) (pm) (mm) (mg/g yolk)
0 76.60 2,61 385.5 731 9.18 42.08 83.90 16.45°
1 7733 2.66 388.2 733 9.34 41.66 83.86 15.02°
0 77.20 2.64 387.6 7.39 9.37 41.58 84.08 15.40
0.5 76.73 2.64 386.1 7.25 9.15 42.16 83.68 16.10
0 0 76.85 2.60 385.1 7.37 9.25 41.89 83.90 16.69x
1 77.55 2.68 390.1 7.40 9.48 41.27 84.26 14.05y
0 0.5 76.34 2,62 386.0 7.24 9.1 42.27 83.89 16.22x
1 0.5 77.12 2.65 386.3 7.26 9.20 42.05 83.46 16.00x
SEM 0.38 0.07 3.90 0.08 0.14 0.29 0.48 0.52
Two way ANOVA (P-values)
Inactive yeast 0.064 0.439 0.502 0.802 0.252 0.164 0.948 0.013
Live yeast 0.224 0.949 0.712 0.106 0.143 0.058 0.405 0.173
Inactive yeast X Live yeast 0.922 0.650 0.561 0.967 0.614 0.498 0417 0.032
abixy Means results within columns with different letters are significantly different (P<0.05);n =6

Table 4. The effects of dietary supplementation of inactive yeast and live yeast on anti-SRBC titers and blood serum parameters in laying hens

Tablo 4. Karma yemlere inaktif maya ve canli maya ilavesinin yumurtaci tavuklarda SRBC'ye karsi antikor diizeyi ve kan serum parametreleri tizerine etkileri

Inactive Live Yeast | AntiSRBC | Total Protein | Albumin | Uric Acid | Cholesterol | Triglyceride | ALT AST ALP
Yeast (g/kg) (9/kg) Titer (log,) (9/1) (g/l) (mg/l) (g/l) (g/1) (um | wm (un
0 5.85 58.4 26.0 49.9 1.59 16.02 16.04 160.0 140.3
1 6.42 58.9 25.0 48.3 1.48 14.98 16.26 165.0 143.4

0 6.38 59.5 25.5 50.0 1.51 15.15 16.22 168.0 134.2

0.5 5.89 57.8 254 48.1 1.56 15.86 16.08 157.0 149.5

0 0 5.83 58.9 25.8 50.0 1.58 16.02 16.08 159.6 138.1

1 0 6.93 60.1 25.2 50.1 1.45 14.27 16.36 176.4 130.2
0 0.5 5.86 57.9 26.1 49.8 1.60 16.02 16.00 160.5 142.6

1 0.5 5.92 57.7 24.8 46.4 1.52 15.69 16.17 153.6 156.5

SEM 0.30 1.70 1.00 2.90 0.05 0.68 0.65 7.20 7.00

Two way ANOVA (P-values)

Inactive yeast 0.065 0.770 0.338 0.580 0.051 0.142 0.737 0.502 0.674
Live yeast 0.110 0.330 0.969 0.512 0.383 0.309 0.833 0.144 0.041
Inactive yeast X Live yeast 0.093 0.672 0.748 0.558 0.636 0.306 0.933 0.115 0.135
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that egg weight ®? and feed conversion ratio B'% were
not affected by live yeast supplementation. However
Hassanein and Soliman ® reported that feed conversion
ratio was better when live yeast was added at 4 and 8 g/
kg and concluded that adding live yeast Saccharomyces
cerevisiae can enhance the productive performance of
laying hens and nutrient utilization via the inhibitory effect
of yeast against pathogenic bacteria which may cause
mild enteritis and malabsorption of nutrients. However in
this study the level of 0.5 g/kg live yeast may be too low to
show these beneficial effects.

Similarly to this study observed with inactive yeast,
some researchers observed considerable improvement
in egg production 5262 and feed conversion ratio 5303 of
hens fed yeast and yeast products. This improvement may
partially be attributed to the improvement of the intestinal
lumen health and nutrient absorption %32,

In agreement with this study, some researchers found
that yeast and yeast products supplementation had no
effect on egg weight in laying hens B824253334 |n contrast,
others reported that egg weight was increased by dietary
supplementation with yeast and yeast products *>2, |t
was also observed that there were no interactions in feed
intake, egg production, egg weight and feed conversion
ratio between inactive yeast and live yeast. The differences
between the results of this study and previous studies
may be the age of hens, dietary nutrient composition, type
and level of yeast and yeast products.

Dietary inactive yeast or live yeast had no significant
effect on the internal and external egg quality characteristics
and no interactions were seen between inactive yeast and
live yeast in these egg characteristics. In agreement with
the present study some researchers*>” had not observed
any effect on egg quality characteristics. However
Chumpawadee et al.'"” reported that cassava yeast as
probiotic source had positive effect on shell thickness of
laying hens. Hassanein and Soliman © also observed that
egg shell thickness was improved due to feeding various
yeast levels and explained that this improvement may be
attributed to the enhancement of calcium absorption and
retention associated with adding yeast.

Egg yolk cholesterol concentration was decreased
significantly with inactive yeast supplementation (P=0.013)
but was not affected by live yeast supplementation in
the present study. Inactive yeast supplementation in
the absence of live yeast decreased egg yolk cholesterol
concentration significantly compared to other groups.
Some researchers also observed that egg yolk cholesterol
was reduced by yeast probiotics #>3¢ and yeast and yeast
products 7., The reduction in yolk cholesterol could be
explained by the reduced absorption, synthesis or both
of cholesterol in the gastrointestinal tract*,

Antibody titers against SRBC were not affected by the

supplementation of inactive yeast and live yeast and no
interactions were seen in antibody titers. However inactive
yeast supplementation tended to increase antibody titers
against SRBC (P=0.065). Yal¢in et al.’! observed that
greater antibody titer in laying hens fed diets containing
2, 3 or 4 g/kg yeast autolysate. Mohiti-Asli ! reported that
immune response of laying hens with multistrain probiotic
and yeast supplementation was greater than the control
group. Prebiotics would bind to macrophage reception
sites by recognizing specific sugars found in glycoproteins
of the epithelial surface, triggering a cascading reaction
that would activate macrophages and release cytokines,
thereby activating the acquired immune response and
causing the higher antibody responses against anti-
gens 5738, This may be an explanation for higher antibody
titers in hens fed inactive yeast as prebiotics.

Dietary supplementation of inactive yeast and live
yeast did not affect blood serum levels of total protein,
albumin, uric acid, cholesterol, triglyceride, ALT, AST and
ALP. In addition no interactions were seen in these blood
serum parameters. However dietary inactive yeast tended
to reduce serum yolk cholesterol (P=0.051). Yalgin et al.®!
observed that serum cholesterol and triglyceride was
reduced with the addition of 2, 3 and 4 g/kg yeast auto-
lysate. Krasowska et al.B% reported that baker’s yeast
Saccharomyces cerevisiae can be the best organism for
reducing cholesterol in the gastrointestinal system. Similar
to the present study, Yalcin et al.®! showed that yeast
autolysate supplementation had no effect in the levels
of serum total protein and AST. Saoud and Daghir “% also
reported that the level of serum uric acid was not affected
with dietary single cell protein. In other study, Yal¢in et al.™
observed that serum levels of total protein, triglyceride,
cholesterol, AST and ALP were not affected by yeast culture
supplementation.

The differences between the results of the present
study and those of previous studies may be due to the
heterogeneity of the experimental protocol utilized:
species and age of birds, dietary nutrient composition,
type and dosage of yeasts in the diets, survivability of live
microorganisms in probiotic yeasts and environmental
conditions.

As a result dietary inactive yeast at 1 g/kg had beneficial
effects in laying performance and in low cholesterol-
egg production. No adverse effects were seen on other
parameters. Further researches with high doses are
required to see the effects of live yeast and to determine
the mechanism of actions, evaluating inactive yeast and
live yeast interaction.
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