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ABSTRAK

Penelitian ini bertujuan untuk mengetahui pengaruh pemberian Lactobacillus plantarum AKK-30
dan Saccharomyces cerevisiae B-18 sebagai probiotik dalam menurunkan kolesterol darah, telur, dan
daging serta kinerja produksi puyuh petelur (Coturnix coturnix Japonica). Sebanyak 600 ekor puyuh
berumur 21 hari (berat awal= 101,35 + 1,64 g) didistribusikan dalam rancangan acak lengkap terdiri dari
5 perlakuan dan 6 ulangan. Perlakuan terdiri atas: A = kontrol negatif (pakan basal tanpa probiotik), B =
1% L. plantarum AKK-30 (107 cfu/g), C = 1% S. cerevisiae B-18 (10° cfu/g), D = 1% konsorsium
probiotik, E = probiotik komersial. Parameter yang diamati meliputi sifat biokimia darah, kualitas
produk, dan kinerja produksi. Hasil penelitian menunjukkan bahwa pemberian 1% probiotik S.
cerevisiae (C) menghasilkan kolesterol terendah pada darah dan telur dengan kadar masing-masing
101,75 mg/dL dan 9,44 mg/g, sementara pemberian 1% probiotik L. plantarum (B) meningkatkan kadar
protein dan menurunkan lemak daging (P<0,05). Kadar trigliserida, LDL, dan HDL darah tidak berbeda
antar perlakuan. Pemberian probiotik tidak mempengaruhi kinerja pertumbuhan, produksi telur puyuh
harian (QDP), konversi pakan (FCR) dan keseragaman telur. Namun, probiotik meningkatkan diameter
kuning telur (P<0,05). Dapat disimpulkan bahwa pemberian probiotik tunggal L. plantarum AKK-30
atau S. cerevisiae B-18 meningkatkan kualitas produk puyuh petelur.

Kata kunci : parameter darah, kualitas telur, karkas, asimilasi kolesterol, kinerja burung puyuh

ABSTRACT

This study aimed to evaluate the administration of Lactobacillus plantarum AKK-30 and
Saccharomyces cerevisiae B-18 as probiotics in reducing cholesterol of blood, egg, and meat and also
the production performance of laying quail (Coturnix coturnix Japonica). A number of 600 birds of the
twenty one-day-old quails were distributed in a completely randomized design with 5 treatments and 6
replications (initial BW= 101.35 £ 1.64 g). Treatments were as follows: A = negative control (basal diet
without probiotic), B = 1% of L. plantarum AKK-30 (107 cfu/g), C = 1% of S. cerevisiae B-18 (10°
cfu/g), D = 1% of a probiotic consortium, E = positive control (commercial probiotic). Parameters
observed were blood biochemistry profiles, product quality, and production performance. The results
revealed that administration of 1% S. cerevisiae (C) resulted the lowest cholesterol in blood (101.75
mg/dL) and egg (9.44 mg/g) and while administration of 1% L. plantarum (B) increased meat protein
and decreased fat content (P<0.05). Level of blood triglycerides, low-density lipoprotein (LDL), and
high-density lipoprotein (HDL) were not different among treatments. Probiotic treatments did not affect
the growth performance, quail day production (QDP), feed conversion ratio (FCR) and egg uniformity.
However, probiotic increased diameter of egg yolk (P<0.05). It was concluded that administration of
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single probiotic L. plantarum AKK-30 or S. cerevisiae B-18 improves the quality of laying quail

products.

Keywords: blood parameters, egg quality, carcass, cholesterol-assimilation, quail performance

INTRODUCTION

Cholesterol plays an important role as a
precursor in the biosynthesis of important
molecules. These include bile acids (required for
the digestion and absorption of dietary fat),
vitamin D (necessary for calcium removal and
utilization), and steroid hormones (necessary for
the regulation of ion balance, metabolism, and
sexual differentiation) (Sjoberg, 2016). On the
other hand, the high concentration of total
cholesterol is the main risk factor for coronary
heart disease and stroke (Peters et al., 2016). The
comparation trends in total, HDL and non-HDL
cholesterol and the total-to-HDL cholesterol ratio
in Asian and Western countries reported by NCD
Risk Factor Collaboration/NCD-RisC (2020).
They pooled 458 population-based studies with
82.1 million participants in 23 Asian and Western
countries. Total cholesterol increased in all four
Asian countries, with the largest increase in China
and Thailand, by 0.3 mmol/L per decade (NCD-
RisC, 2020).

Poultry is very important as a source of
animal protein because the eggs production could
be reached by all levels of consumers. Some
poultry commodities are quite widely raised for
example chicken, duck, and quail laying eggs
with a long-term of the egg production period.
The production of eggs contains essential
nutrients for growth, especially high protein
content. However, the yolk from various poultry
contains high cholesterol 16.05 mg/g on quail
egg, 10.36 mg/g on a duck egg, and 7.65 mg/g on
the chicken egg (Aziz et al., 2012). Therefore it is
essential to minimize the cholesterol level in eggs,
for instance, through the administration of
microbial additives. In our previous in vitro
studies, L. plantarum (Julendra et al., 2017) or S.
cerevisiae (Istigomah et al., 2018) as probiotics
had been shown to possess cholesterol-lowering
activity. The positive impact of probiotics on the
performance of the laying quail was previously
reported by several studies (Hosseini, 2011;
Guclu, 2011; Manafi et al., 2016; Siadati et al.,
2018). Kalsum et al. (2012) reported that
administration of L. fermentum did not influence
egg quality parameters and egg weight, but
significantly improved total egg production and

lowered cholesterol content in egg yolk. Probiotic
supplementation of Lactobacillus strain reduced
serum total cholesterol, low density lipoprotein
(LDL) and triglyceride significantly
(Lokapirnasari et al., 2018). Khalifa and Noseer
(2019) reported that quail fed on combination of
probiotics (L. acidophilus and S. cerevisiae) with
ginger produced the lowest total cholesterol levels
in serum and yolk (107.05 mg/dl and 10.6 mg/g)
comparing to control group (158 mg/dl and 14.1
mg/), respectively. Generally, all the studies
explored the use of the single microbial probiotic,
however, effects of combining two or more
microbial additives are still limited.

The current study was to evaluate the
administration of Lactobacillus plantarum AKK-
30 and Saccharomyces cerevisiae B-18 as
probiotics in reducing cholesterol of blood, egg,
and meat and also the production performance of
laying quail (Coturnix coturnix Japonica).

MATERIALS AND METHODS

Probiotic Preparation of LAB and Yeast

Microencapsulated culture of L. plantarum
AKK-30 as probiotic was prepared by spray
drying method according to Barbosa-Canovas et
al. (2005). LAB isolates were cultured in MRSB
medium and incubated for 24 h at 37 °C. The
isolate was centrifuged for 10 min at 4500 rpm to
obtain the biomass and then homogenized with
the sterile skim milk (20% w/v). The operating
procedures of the spray dryer are as follows: the
outlet temperature of 68 °C, air temperature of
110 °C, and pump velocity 3. The population of
LAB before and after spray drying were count
with total plate count (TPC) method on MRS agar
medium. Microencapsulated culture of S.
cerevisiae B-18 was prepared by drying method
(Leja et al., 2009). A total of 10% (v/v) of yeast
isolates were cultured on CYG broth medium and
incubated for 24 h at 30 °C then tapioca flour was
added as a matrix (50%, w/v). The incubation
yeast cultures were homogeneously mixed into
tapioca and dried at 50 °C for 30 hours. The
population of yeast before and after before and
after spray drying were calculated with TPC
method on CYG agar medium.

Dry culture of probiotic was prepare to
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protect the probiotic against adverse conditions
during processing, storage and along the
gastrointestinal tract (Iravani et al., 2015). The
use of drying methods using ovens is related to
easy and economical material preparation, and the
results of the products produced are stable
(Corcoran et al., 2004). Population of dry culture

LAB used for the treatment was 7.8x107 cfu/g

while yeast probiotic was 5.3x10° cfu/g. The
mixture of these two probiotics were performed
by mixing each probiotic in 1:1 part (w/w) to
obtain final population around 10 cfu/g as
probiotic culture requirement.

Experimental Site

Care and management of the quails followed
the international practices for animal use and care
(Huss et al., 2008) and carried out in a closed
house enclosure equipped with several supporting
devices such as cooling pad, exhaust fan, thermo
hygrometer/temptron, 60-W wolfram light bulb,
and gas brooder. The experimental house was
cleaned and disinfected before the arrival of birds.
This study had fulfilled the ethical clearance
requirement from Integrated Research and Testing
Laboratory of Gadjah Mada University (No.
00136/04/LPPT/X1/2017).

Experimental Birds and Design

This study used 600 quail laying age of 21
days during 135 days (initial body weight 101.35
+ 1.64 g) of a experiment period. Access for feed
and drinking water were ad libitum. The trial
design was using Completely Randomized Design
(CRD) consist of 5 treatments and 6 replicates,
each consisted of 20 quails with the treatments: A
= negative control (basal diet without probiotic),

B = 1% of L. plantarum AKK-30 (107 cfu/g), C =

1% S. cerevisiae B-18 (106 cfu/g), D = 1% of a
probiotic consortium, E = positive control
(commercial probiotic). All probiotics were
administered through drinking water. Each
treatment additive was dissolved in 300 mL of
drinking water then distributed 50 mL for each
replicate. Lokapirnasari et al. (2018) reported that
probiotics supplied to birds in drinking water is
more effective than those in diet.

During 21-31 days of age, quail was given
grower feed (formulation attached) in the form of
crumble feed (5 mm of particle size), and entering
32-34 days of age, grower and layer feed mixed
with composition as follows: Age of 32 days
(75% grower feed + 25% layer feed); Age of 33

days (50% grower feed + 50% layer feed); Age of
34 days (25% grower feed + 75% layer feed), and
since 35 days of age quails consumed layer feed
(formulation attached). Basal diet of quail grower
and layer were formulated to meet or exceed NRC
(1994) recommendations. Vaccination programs
include Al vaccinations (via injection) and ND
(via drops) at 21-25 days, and booster ND (via
drops) at 4 months of age. Three days before and
after vaccination, quails were given with anti-
stress (dose 1 g/L of drinking water).

Proximate Analysis of Formulated Feed

Formulated feeds (Table 1) were then
analyzed using AgraQuant® Total Aflatoxin
Assay (Romer Labs, Singapore) for aflatoxin
content assay by microplate reader (Thermo
Scientific Multiscan Go) and nutrient content
including moisture content, ash, crude fat, crude
protein, crude fiber according to AOAC method
(1990), energy, phosphorus, and calcium mineral.
The moisture content was analyzed by drying the
feed sample overnight at 105 °C. The ash content
was measured by burning samples at 500 °C
overnight. The crude protein (CP) content was
determined based on the Kjeldahl method. The
fat/lipid content was determined using a soxhlet
extraction process which was performed with a
soxhlet apparatus. The gross energy content was
measured with bomb calorimeter. Metabolizable
energy (ME) was calculated by multiplied the
gross energy by 0.7. Barzegar et al. (2020) stated
that the proportion of gross energy lost via excreta
is approximately 30%, hence, about 70% of the
gross energy of a common diet fed to poultry is
metabolized.

Biochemical Analysis of Blood

Meat and other tissues are taken after the
birds decapitated. Blood sampling was performed
once at the end of the trial period from 30 quails.
The decapitation method was performed by taking
the blood sample and inserted into microtube
which  has  been  given  anticoagulant
Ethylenediaminetetraacetic acid (EDTA).
Analysis of blood samples to measure blood
cholesterol levels by enzymatic colorimetric
cholesterol-oxidase (CHOD-PAP) method, while
blood ftriglyceride level by an enzymatic
colorimetric using method of enzymatic
colorimetric glycerol-3-phosphate-oxidase (GPO-
PAP).
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Table 1. Feed Formulation and Nutrient Content of Quail Feed in Dry Matter Basis

Percentage (%)

Raw Material

Grower feed Layer feed
Corn 51.7 55.1
Soybean meal (SBM) 38.8 30.5
Meat bone meal (MBM) 4.00 4.00
Crude palm oil (CPO) 1.60 2.80
Premix 0.10 0.10
Dicalcium phosphate (DCP) 0.30 0.80
Salt 0.20 0.10
Limestone 1.50 5.70
L-lys 1.00 0.70
DL-meth 0.80 0.20
Total 100.00 100.00
Nutrient content Grower Feed Layer Feed
Moisture (%) 11.6 10.6
Crude protein (%) 23.3 213
Crude fat (%) 5.07 7.16
Crude fiber (%) 3.17 4.15
Ash (%) 10.2 13.4
Calcium (%) 5.46 3.38
Phosphorus (%) 0.76 0.76
Total aflatoxin (ppb) 29.2 22.1
Gross energy (kcal/kg) 4,357 4,391
Metabolizable energy (kcal/kg) 3,050 3,073
Analysis of Egg Quality and Cholesterol rpm rotation speed for 15 minutes. The

Egg samples (1 egg per experimental unit)
were taken at the end of the experimental period.
The analysis includes the physical properties of
the egg (egg length, egg width, egg volume, egg
weight, egg width, egg index, The Haugh Unit
(HU), albumen height, albumen width, albumen
length, albumen weight, albumen index, yolk
color, yolk height, yolk diameter, yolk weight, and
yolk index). Egg yolk cholesterol was analyzed
based on Plummer method (1987). A total of 0.2
mL samples of egg yolks were mixed with 10 mL
acetone and ethanol (1:1), the solution was boiled
for 15 minutes in a water bath. Then it was
sonicated for 5 minutes and centrifuged with 3000

supernatant is taken and transferred to a tube and
evaporated in the water bath until it runs out. The
sample residue was added by 2 mL of chloroform
and 2 mL of a mixture of concentrated sulfuric
acid and anhydrous acetate (1:1) and then
homogenized until the color turns into blue. The
absorbance results were detected at a wavelength
of 680 nm.

Analysis of Meat Quality and Cholesterol
Breast meat samples (1 sample per
experimental unit) were taken at the end of the
trial period. The analysis includes the physical
properties of meat pH (Soeparno, 2005), cooking
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loss (Nikmaram et al., 2011), water holding
capacity (Hamm, 1960), and tenderness
(Soeparno, 2005). Nutrient content of meat was
analyzed including moisture content, ash, crude
fiber, protein, and fat based on AOAC (1990).
Meat cholesterol content was analyzed based on
Plumer method (1987) as describe previously.

Performance of Egg Production

Quail day production (QDP) is measured by
dividing the total number of eggs produced per
day per experimental unit by the number of quail
alive per experimental unit and then multiplied by
100%. The average egg weight is measured per
bird. Feed consumption was calculated per
experimental unit. The feed conversion ratio
(FCR) was measured as the amount of feed
consumed per experimental unit divided by
average of egg mass per experimental unit and
and feed efficiency calculated by weight of the
eggs produced compared to the feed intake
(Lokapirnasari et al, 2017). Egg mass is
calculated as laying rate per experimental unit
divided by average egg weight per experimental
unit (Attia et al., 2013).

Data Analysis

All analyses were determined at least
triplicate. The performance data were evaluated
using one-way analysis of variance (ANOVA).
The significant difference between treatment
means was analyzed using Duncan's Range Test
(Gomez and Gomez, 2007). Statistical analysis
was performed with Costat software (CoHort
Software, 2008). The analysis results are
performed as means and standard deviation (SD).

RESULTS AND DISCUSSIONS

Probiotics  Viability
Cholesterol-Lowering

Viability of L. plantarum AKK-30 and S.
cerevisiae B-18 as a probiotic on quail
performance was visualized in Table 2. Viability
of L. plantarum AKK-30 after spray drying
process was 0.8%, while the viability of S.
cerevisiae B-18 with the oven drying process was
2.8%. Both drying methods decreased the number
of colonies of both isolates by 2 logs of cycles.
Probiotic bacterial cells can be protected by
microencapsulation processes against adverse
conditions during processing, storage and along
the gastrointestinal tract (Iravani et al., 2015).

The drying process in yeasts used an

and Potency in

additional matrix of tapioca starch that served to
shield the yeast cells during the drying process
because the cell could be damaged by heat stress
(Leja et al., 2009). This skim milk was used as a
filler in the process of making a dry culture of L.
plantarum AKK-30 because the sugar content in
the skim was good to support the growth of LAB
strain which generally has lactase enzyme which
is capable of converting lactose to glucose. Skim
milk is capable of preventing cellular injury by
creating a structure easy to rehydrate after drying,
stabilizing the cell membrane, and protecting the
cells as it contains proteins that provide a
protective coating to the cells (Silva ef al., 2011).
Tapioca as a filler in the process of making yeast
dry culture aims to make S. cerevisiae B-18 grow
well in tapioca encapsulation. The use of drying
methods using ovens is related to easy and
economical material preparation, and the results
of the products produced are stable (Corcoran et
al., 2004). During spray drying, the cell undergoes
thermal inactivation and dehydration
simultaneously. The inlet and outlet temperatures
in the spray drying process could be one of the
main causes of cell damage or death so most of
the microbes, generally optimally mesophilic
LAB colonies grown at 40 °C could not survive at
elevated temperatures.

In the previous in vitro studies, we reported
that both probiotics performed cholesterol-
lowering activities (Julendra et al., 2017;
Istigomah et al., 2018). The cholesterol-lowering
activities of L. plantarum AKK-30 and S.
cerevisiae B-18 were 17.4% and 51.8%
respectively (Table 2). These findings were
supported by others studies revealed that L.
plantarum and S.  cerevisiae have the
hypocholesterol activity in mice (Saikia et al.,
2018; Nallala and Jeevaratnam, 2019).

Blood Biochemical Profiles

The blood biochemical profiles in Figure 1
showed that administration of S. cerevisiae B-18
(C treatment) decreased (P<0.05) the blood
cholesterol levels compared to control, whereas
no difference results was found in triglycerides,
LDL, and blood HDL level when probiotic added
into drinking water (P>0.05). Low cholesterol of
blood serum in C treatment might be associated
with the hypocholesterolemic activity of S.
cerevisiae. Probiotic able to assimilate or degrade
the cholesterol to bile acids followed by
deconjugation to prevent re-synthesis (El-Kelawy
and Elnagar, 2016). The in vitro activity of
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cholesterol-lowering was caused by the
acceptance of cholesterol in growing yeast cells.
The binding of bile acids by B-glucans in the
human intestine were able to eliminate in bile acid
pool and improved cholesterol breakdown. In
previous studies (Julendra et al., 2017; Istiqomah
et al., 2018) found that viability and cholesterol
lowering activity of S. cerevisiae B-18 was higher
than L. plantarum AKK-30.

Yalgim et al. (2010) reported that
supplementation of S. cerevisiae in diet reduced
cholesterol content in blood and egg yolk of
laying hens. Probiotic might stimulate the activity
of lipoprotein HDL to reduce accumulation of

cholesterol in blood and tissue (Nallala and
Jeevaratnam, 2019). Moreover, Saikia et al.
(2018) revealed that S. cerevisisze ARDMCI
showed potential probiotic characteristics and
exhibited in vitro cholesterol assimilation
properties. For comparison, Hussein and Selim
(2018) stated that broiler chickens fed 0.5% dried
yeast S. cerevisiae, 0.5% mix-strain probiotic (B.
subtilis, L. acidophilus, and A. oryzae), and its
mixture had lower cholesterol and total lipids than
the control.

In contrary, other study was in disagreement
with  our finding that probiotic LAB
supplementation in chicken significantly (P<0.05)

Table 2. Viability of Isolates Before and After Drying Process

Before Carrier After Carrier After Drying Cholesterol-
Isolate Addition Addition - lowering
(cfu/g) (cfu/g) Colony (cfu/g) Viability (%) (%)
L. plantarum AKK-30 9.4 x 10° 8.8 x 10° 7.8 x 107 0.8 17.41
S. cerevisiae B-18 1.9x108  2.0x108 53x10° 2.8 51.8

!'Value denotes relative activity for reducing cholesterol as previously reported by Julendra ez al. (2017)

2 Assimilating activity as previously reported by Istiqgomah et al. (2018)
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Figure 1. The Content of Blood Cholesterol, LDL, HDL, and Triglycerides in Various Treatments. A:
negative control (without probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D:
1% of a probiotic consortium (B+C); E: positive control (commercial probiotics).
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depressed serum total cholesterol levels than
control (Cenesiz et al., 2008). Lokapirnasari et al.
(2018) stated that feed additive contains L.
rhamnosus and L. casei could increase egg quality
by reducing LDL, cholesterol, increasing HDL
and total protein. Kalafova et al. (2018) reported
that adults quails fed probiotic (B. subtilis, 10

cfu/g and L. paracasei, 107 cfu/g) did not affect
total cholesterol and tryglicerides.

Cholesterol Content in Egg and Meat

Egg yolk cholesterol content in A or C
treatment was lower (P<0.05) than others
treatments, however it did not differ with E
treatment as described in Figure 2. The low level
of serum total cholesterol in S. cerevisiae B-18
treatment leads to a decrease in yolk cholesterol
content too. Saccharomyces cells excreted
oligosaccharides that increase number and
colonization of lactobacilli. The Lactobacilli
reduce the bile acids (cholic and deoxycholic)
recycling, and adsorb cholesterol that leading to
reduction of its absorption from the intestine, with
subsequent lowering its level in blood, meat, and
eggs (Hassanein and Soliman, 2010). Kalsum et
al. (2012) reported that single probiotic of L.
fermentum lowered cholesterol content in egg
yolk. The reduction effect of the cholesterol
content of the eggs by more than 26% was
reported by using Kluyveromyces marxianus M3
strain yeast (Zhong et al, 2016). Khalifa and
Noseer (2019) reported that quail fed on

combination of probiotics (L. acidophilus, 109 cfu
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and S. cerevisize 10? cfu) with ginger produced
the lowest yolk cholesterol (10.6 mg/g) compared
to control group (14.1 mg/g).

Administration of probiotics did not affect
the meat cholesterol content (P>0.5). Other
studies about this parameter on quail are still
limited. In contrary with this study, Istiqgomah et
al. (2013) reported that broilers fed probiotic
(multi culture, 10'? cfu/g) produced meat with
lower cholesterol content (58.40 mg/100 g) than
control (85.74 mg/100 g). Trembecka et al. (2020)
also stated that the breast meat of chickens fed
with propolis and probiotic (L. fermentum) had
the lowest cholesterol content (77.94 mg/100 g)
compare than other treatments (87.06 and 90.14
mg/100 g).

Probiotics Effect on Quails Performance

Dietary effect of probiotics during the
grower period (3-5 weeks of age) was shown in
Table 3, while the layer period (6-20 weeks of
age) was shown in Table 4. Data in Table 3
indicated that administration of probiotic on the
grower period did not affect (P>0.05) BWG, feed
intake, feed efficiency, and mortality. Table 4
showed that administration of 1% single probiotic
and its consortium did not affect the production
performance (HDP, FCR, feed efficiency or egg
uniformity).

This finding showed that administration of
1% single probiotic, its consortium, and
commercial probiotic did not affect growth
performance of quail in growing and laying
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Figure 2. The Yolk and Meat Cholesterol Content in Various Probiotic Treatments. A: negative control
(without probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D: 1% of a probiotic
consortium (B+C); E: positive control (commercial probiotics)
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Yolk cholesterol (mg/g)
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period (P>0.05) nor production performance
(HDP, FCR, feed efficiency, egg weight nor egg
mass). On the other hand, another finding was in
disagreement with our findings. Hosseini (2011)
reported a significant improvement in body
weight, weight gain, and feed consumption
throughout the experiment. Manafi et al. (2016)
stated that the dietary addition of B. subtilis and
BMD increased egg production and egg weight.
Siadati er al. (2018) reported that administration
of native Lactobacillus strains (50 g/ton) had no
significant effect on egg weight and feed intake,
whereas improved feed conversion ratio (FCR),
egg production, and egg mass during the laying
period. Supplementation of probiotic-enzyme did
not effect on the body weight gain, egg mass, feed
intake, feed conversion, cracked egg vyield,
specific gravity and shell strength (Olgun and
Yildiz, 2014). Lack effect of probiotic on feed
intake, feed efficiency might be due to the several
factors such as differences in the chemical
composition of the ingredients of the diet,
differences in the levels (percentage), adaptation
of probiotic, and the selectivity of the microflora
and stress factors (Ayasan et al., 2006; Guclu,
2011). The repeated measures analysis (Figure 3)
indicated a significant effect of time on egg
production (P<0.05).

Mechanism of enhancing probiotic effects on
quails performance presumably correlated with
activity of digestive enzymes. Abdel-Moneim et
al. (2020) revealed that dietary probiotic involves
in enhancing of protease, lipase, and amylase

activities in quails. The increased egg production
by both probiotic due to the elongated small and
large intestinal lengths as well as the their
suppressing effects on undesirable bacteria and
stimulating effects on the growth and/or activity
of beneficial bacteria and pressing pathogenic
bacteria in the intestines which increase
absorptive capacity (Lokapirnasari et al., 2017).

Quality of Quail Eggs

Administration of probiotic treatments
increased the diameter of egg yolk (P<0.05)
compared to control (Table 5). Administration of
S. cerevisiae B-18 (C) and commercial probiotic
(E) resulted in the highest albumen length
(P<0.05) than other treatments. A consortium of
L. plantarum AKK-30 and S. cerevisiae B-18 (D)
treatment resulted the highest dry matter and fat
content of egg (P<0.05) and the lowest protein
content (P<0.05) than other treatments, whereas
commercial probiotic (E) produced the lowest fat
content (P<0.05) among others.

The high reduction of egg fat content
observed in S. cerevisiae (C treatment) or
commercial probiotics (E treatment) possibly
associated with the role of S. cerevisiae metabolic
activity. Mechanism of reduction by yeasts may
associated with b-glucans in yeast cell has
capability to bind to bile acids in the intestine,
resulting in a decrease in bile acid pool and
enhanced cholesterol breakdown. These enhance
production of short-chain fatty acids and reduce
synthesis of hepatic cholesterol (Saikia et al.,

Table 3. Performance of Quail on Grower Period (3-5 Weeks of Age)

Treatments
Parameter
A C D E
Initial body weight (g/bird)  102.142.87% 101.942.57% 103.1+1.73% 100.9+1.19%  98.8+2.56"
Final body weight (g/bird)  180.54£3.94  178.5+4.20  182.9+3.88 177.6£5.48 176.9+7.71
Body weight gain (g/bird) 5.60+£0.15  5.47+0.27  5.70+0.25 5484036  5.58+0.43
Feed consumption (g/bird) 20.0+0.99 19.9£0.58  20.5+0.24 19.7£0.36  20.5+£0.96
FCR 3.5740.17  3.65+0.19  3.63+0.09 3.6740.24  3.68+0.26
Feed efficiency 28.0+1.35 27.5+1.33 27.6+0.68 27.4+1.79  27.3+1.87
Livability (%) 100.0+£0.00  100.0+0.00  100.0+0.00 100.0£0.00  99.2+2.04

Means in the same row with different superscript differ significantly (P<0.05). A: negative control (without
probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D: 1% of a probiotic consortium

(B+C); E: positive control (commercial probiotics)
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Table 4. Performance of Quail on Layer Period (6-20 Weeks of Age)

Treatments
Parameter
A B C D E

BW on 6 weeks (g/bird) 212.6+5.13 211.1£5.91 214.742.78  212.244.92 209.6+3.57
BW on 20 weeks (g/bird) 243.0£5.21 245.5£2.87 24274335 244.1+£1.56 241.9+7.04
BWG (g/bird/day) 30.442.71% 34445017 28.0+3.87° 31.8+4.98%° 32.3+4.84%
Feed consumption (g/bird/day) 26.6+1.15 26.9+1.01  27.1+£1.22 26.2+0.65  26.7+0.55
FCR 2.69+0.14 2.72+0.14  2.66+0.05 2.71£0.07  2.75+0.08
Feed efficiency (%) 37.3£1.91  36.9£1.93  37.6+0.73 37.0£1.01 36.4+1.03
Livability (%) 97.5£2.74  98.3+£2.58  95.8+3.76 98.3£2.58  98.3+£2.58
HDP (%) 81.2+5.21  78.8£3.41  83.1+3.20 80.0£2.06  80.0+2.31
Egg weight (g/egg) 12.240.28  12.4+0.58  12.3+0.19 12.1£0.27  12.2+0.18
Egg mass (g/bird/day) 9.92+0.71  9.10£0.56  10.2+0.46 9.67£0.19  9.74+0.24

Means in the same row with different superscript differ significantly (P<0.05). A: negative control (without
probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D: 1% of a probiotic consortium
(B+C); E: positive control (commercial probiotics)
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Figure 3. Quail Day Production during 15 Weeks of Observation with Various Treatments. A: negative
control (without probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D: 1% of a
probiotic consortium (B+C); E: positive control (commercial probiotics)
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Table 5. The Physical Quality and Nutrient of Quail Eggs in the End of Experiment Performance of
Quail on Layer Period (6-20 Weeks of Age)

Treatments
Parameter N 5 C b E

Egg length (cm) 3.35+0.00 3.35+£0.10 3.35+£0.17 3.33+0.06 3.39+0.15
Egg width (cm) 2.41+0.06 2.46+0.02 2.36+0.10 2.37+£0.04  2.41%0.01
Egg volume 11.8+029  12.2+0.29 11.7 +£0.58 11.8+£029  12.3+0.58
Egg weigth (g) 1.30+0.03 1.40+0.14 1.2240.22 1.25+0.26 1.33+0.11
Egg width (cm) 0.20:£0.00 0.22+0.01 0.20:£0.02 0.20£0.02  0.22+0.03
Egg index 71.8+1.85 73.4+1.92 70.5+1.74 71.3+2.29  71.0£3.08
Haugh Unit 84.146.95 83.043.15 85.1+7.98 84.4+632  87.0+£2.58
Albumen height (cm)  4.02+0.54 3.64+0.54 3.94+1.35 3.55+0.78  4.28+0.40
Albumen length (cm)  4.36+0.17%°  4.00+0.42° 4.94+0.40°  4.31+0.44%  4.87+0.412
Albumen width (cm)  2.91+0.39 3.02+0.44 3.13+0.31 2.81£0.04  3.03£0.09
Albumen weight (g)  6.70£0.56 7.37+0.08 6.72+0.80 6.83+0.55  7.10£0.09
Albumen index 0.11+0.02 0.10+0.01 0.10+0.04 0.10+0.02 0.114+0.01
Yolk color 8.00:£0.00 7.67+0.58 7.67+0.58 7.67£0.58  8.00+0.00
Yolk height (cm) 11.2+0.36 10.6 +0.17 11.4 £1.06 11.0£0.13  10.6+0.49
Yolk diameter (cm) 2.13+0.03°  2.34+0.01° 2.3240.05°  2.31+£0.08"  2.45+0.062
Yolk weight (g) 3.4142.73 3.7540.25 3.78+0.47 3.610.19  3.83+£0.22
Yolk index 0.52+0.022  0.45+0.01°¢  0.49+0.042  0.48+0.02%°  0.43+0.02¢
Dry matter (%) 27.4+0.812>  27.2+1.54P 27.0£1.07°  28.8+1.32%  26.4+1.23°
Ash (%) 3.86:0.44 3.69+0.29 3.67+0.22 3.84+031  3.88+0.17
Fiber (%) 15.0+4.72 17.0+2.88 12.2+1.44 16.2+3.08 14.145.07
Protein (%) 43.3+1.97°  43.54£3.34% 459421580 41.443.83¢  47.843.04°
Fat (%) 12.0£0.68%°  12.240.94%  11.6+2.042> 1284040  10.8+1.13P

Means in the same row with different superscript differ significantly (P<0.05). A: negative control (without
probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D: 1% of a probiotic consortium

(B+C); E: positive control (commercial probiotics)

2018). Cholesterol-lowering effect was also
reported in previous study that the assimilation
activity of S. cerevisiae about 51.8% (Istiqomah
et al., 2018).

Administration of probiotics did not affect
several physical quality of egg i.e. length, width,
volume, and index of egg, Haugh Unit (HU), the

height, weight, and index of albumen, the color,
height, and weight of yolk. However, it had
significant effects on albumen length, yolk
diameter and yolk index. This finding was
accordance to Kalsum et al. (2012) who reported
that administration of L. fermentum did not
influence egg quality parameters (haugh unit, %
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egg albumen, % egg yolk and egg shell thickness)
and egg weight. Manafi et al. (2016) stated that
the dietary inclusion of B. subtilis and BMD were
not effecting the eggshell characteristics i.e.,
thickness, breaking strength, percentages, and also
haugh unit. Zhong et al. (2016) stated that
supplementation of 0.3% yeast Kluyveromyces
marxianus M3 strain on laying hen diet resulted in
significant differences in the eggs nutrient
composition (increase protein, crude fat level,
and dry matter), weights, shell strength, albumen
height, and haugh unit. Siadati et al. (2018)
reported that probiotic treatments (Protexin,
Primalac, and Lactobacillus strains) had
significant positive effects (P<0.05) on the height
of albumen, haugh unit, and internal quality unit
(IQU), whereas eggshell, yolk weight, and egg
albumen weight of the quails were not affected by
the treatments (P>0.05).

Meat Quality

The consumers are concerned about meat
quality especially lower fat content. To achieved
this goal several ways are taken, one of them is by
probiotic inclusion as a feed additive to poultry.
Probiotic with a cholesterol-lowering activity that
has bile-salt hydrolase (BSH) enzyme could
deconjugates bile acids into glycine or taurine
from the steroid portions and produces free bile

salts  (Tomaro-Duchesneau et al., 2014).
Reproduced bile salts were not readily absorbed
by the small intestine, therefore it was excreted in
the excreta, and several bile acids that return to
the liver became less. BSH activity was detected
in several Gl-related strains, representing several
species of LAB such as Lactobacillus and
Bifidobacterium derived from the digestive tract
(Kumar et al., 2012). Julendra et al. (2017) stated
that L. plantarum AKK-30 isolated from the
gastrointestinal tract (colon) of Indonesia’s native
chicken has can lower cholesterol in vitro with the
percentage of assimilated cholesterol 17.43%.

In this study, Table 6 showed that probiotic
administration decreased moisture content and fat,
and increased the protein content of meat quail
(P<0.05). Probiotic administration did not affect
the ash and fiber content (P>0.05). Administration
of 1% of L. plantarum (B treatment) increased
meat protein content and depressed fat content
(P<0.05) compared to control.

Physical properties of meat showed that the
highest cooking loss and the lowest water holding
was found on D treatment (consortium of L.
plantarum and S. cerevisiae). Probiotic decreased
acidic value (pH) (P<0.05). The tenderness of the
meat quail administered probiotic were higher
(P<0.05) than control, while administration of
single probiotic L. plantarum did not affect the

Table 6. The Physical Quality and Nutrient of Quail Meat in the End of Experiment

Treatments
Parameter
A B C D E
pH 5.81+0.04°  5.754£0.03%  5.69+0.01°  5.68+0.01°  5.65+0.019
Water holding capacity (%) 33.9+2.80°  34.442.21%  30.5+2.42Y  34.042.63%  32.9+3.982
Cooking loss (%) 28.141.23>  282+1.15"  29.7+1.60%>  31.0+£1.542  29.3+1.80P
Tenderness (kg/cm?) 2.38+0.15°  2.38+0.18°  2.53+0.14%%  2.44+0.13%°  2.61+0.19°
Moisture (%) 75.9£2.67% 7254132 71.9+2.52%  68.6+3.64>  69.6 +3.30P
Ash (%) 1.21£0.15 1.37+0.21 1.40+0.38 1.32+0.37 1.16+0.06
Fiber (%) 4.71+0.44 3.86+1.22 4.58+0.14 3.82+40.22  6.10+1.07
Protein (%) 19.5£1.86°  21.5£1.29%  20.8+0.35%®  20.4+1.05%°  20.4+1.29%
Fat (%) 435+2.80%  2.01+0.84°  3.14x1.17% 52742667 4.51+2.10%°

Means in the same row with different superscript differ significantly (P<0.05). A: negative control (without
probiotic); B: 1% of L. plantarum AKK-30; C: 1% of S. cerevisiae B-18; D: 1% of a probiotic consortium
(B+C); E: positive control (commercial probiotics)
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ash content of quail meat (P>0.05). Probiotic
treatments decreased the pH acidic value and
increased the cooking loss value, water holding
capacity (WHC) compared to control (P<0.05).
Abou-Kassem et al. (2020) reported that
probiotics (B. toyonensis and Bifidobecterium
bifidum) decreased cooking loss and increased
WHC of quail meat. Soeparno (2005) revealed
that the increased pH values of meat was
associated with increased WHC and reduced
cooking loss. Genchev et al. (2008) reported that
pH values of Japanese quail meat around 6.17
with WHC value around 22.08%. Acidic values of
meat possibly influenced by glycogen content in
muscles and glycogen stores which are highly
dependent by the locomotors action and the
disruption of stress factors while preparing
slaughter. High pH of meat might affect a higher
tenderness than meat with low pH. Increase in pH
of meat affect the holding capacity of water/meat
juiciness (Soeparno, 2005). However, different
result reported by Omar et al. (2019) who stated
that the probiotic addition did not affect (P>0.05)
the pH values of breast quails. Probiotic increased
the pH value of breast muscles of chickens
compared to control (Kim et al., 2017). Several
factors might affect the WHC of meat such as
during pre-mortem time duration likes grow time,
diet and stresses and also post-mortem time
duration likes chilling, aging and tumbling
(Cheng and Sun, 2008).

Administration of 1% of L. plantarum (B)
increased the protein content of meat and
decreased the fat content and  result was
accordance with Ivanovic et al. (2012) who stated
that probiotic B. cereus produced the lowest
average of fat content (2.33%) and the highest
protein content (23.63%) compared to control
group of chickens (3.32% and 23.38%
respectively). The decreasing effect of crude fat
content and increase of crude protein in chicken’s
breast meat by the inclusion of combination dried
yeast and multi-strain probiotic in the diet was
reported by Hussein and Selim (2018). Other
paramaters related to the meat quality (moisture,
ash and fiber) showing no differences between
treatments which were similar results as
previously reported by Ivanovic ef al. (2012).

CONCLUSION

The administration of single probiotic of
Lactobacillus plantarum AKK-30 or
Saccharomyces cerevisiae B-18 was potential as

feed additive to improve physical quality of quail
egg, nutrient content of meat and to reduce egg
and blood cholesterol content in laying Japanese
quail (Coturnix coturnix Japonica).
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