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PAPER
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cerevisiae on productive performance, egg quality, small intestinal
morphology, and gene expression in laying Japanese quail

Abbas Zamanizadeha, Mohammad Taher Mirakzehia, Mohammad Javad Agahb, Hassan Saleha and
Tayebeh Baranzehic

aDepartment of Animal Science, Higher Education Complex of Saravan, Sistan and Baluchestan, Saravan, Iran; bAnimal Science
Research Department, Fars Agricultural and Natural Resources Research and Education Center, Agricultural Research, Education and
Extension Organization (AREEO), Shiraz, Iran; cDepartement of biology, University of Sistan and Baluchestan, Zahedan, Iran

ABSTRACT
This experiment was conducted to evaluate and compare the effects of a dietary inclusion with
Aspergillus oryzae and Saccharomyces cerevisiae on productive performance, egg quality, intestinal
morphology, and SGLT1 gene expression in laying Japanese quail. A total of 320 laying quails aged
47-day-old were randomly allocated to 8 treatments with 4 replicates of 10 quails each, for 7weeks.
The experimental diets consisted of a basal corn-soybean meal or control, control diet þ 50mg/kg
tetracycline, control diet þ 100 and 200mg/kg A. oryzae, control diet þ 100 and 200mg/kg S. cere-
visiae, control diet þ 100 and 200mg/kg of the combination of both A. oryzae and S. cerevisiae at
equal proportions. At the end of the experiment, 4 quails per treatment were slaughtered, and tis-
sue samples from the jejunum (1.5 cm in length) were removed for intestinal morphology measure-
ments. Samples from the midsegment of the jejunum (150–200mg) were taken to evaluate the
gene expression of sodium-glucose cotransporter (SGLT1). The dietary inclusion of S. cerevisiae at
200mg/kg significantly improved the feed conversion ratio (FCR) and egg production and reduced
the feed intake (FI) (p< .001). The greatest shell thickness values were found in those fed on diets
containing S. cerevisiae at 200mg/kg. The quails fed on diets containing the combination of both
probiotics at 100mg/kg showed significantly higher egg weight (p< .001). Shell percent and yolk
index increased significantly in quails fed on S. cerevisiae-supplemented diets at 100mg/kg (p< .05).
The villus height in the S. cerevisiae-supplemented group (200mg/kg) was significantly higher than
other groups (p< .05). The villus width was significantly higher in quails given 200mg/kg A. oryzae
compared to those received 100mg/kg A. oryzae or 200mg/kg S. cerevisiae (p< .05).
Supplementation of S. cerevisiae at both tested levels resulted in significantly higher SGLT1 gene
expression in the jejunum (p< .05). In conclusion, the results of this experiment demonstrated that
among the two probiotics, S. cerevisiae at the level of 200mg/kg as a functional feed additive has a
better potential to improve productive performance, intestinal morphology, and SGLT1 gene
expression of laying Japanese quails.

HIGHLIGHTS

� Supplementation of diet with 200mg/kg S. cerevisiae improved egg production, shell thick-
ness, and FCR.

� The addition of 200mg/kg S. cerevisiae to the diets improved the gut development by
enhancing the villus height.

� Inclusion of diet with S. cerevisiae at both levels upregulated the gene expression of SGLT1.
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Introduction

The industrial production of poultry eggs strongly con-
tributes to meet the growing demand of protein world-
wide. Despite the small size (one chicken egg is equal to
5 or 6 quail eggs), quail eggs can be consumed like
chicken eggs to meet the protein requirements. They

exhibit better nutritional value due to richer fat, protein,
minerals (potassium, zinc, and iron), and vitamins com-
pared to chicken eggs. In addition, quail eggs are gener-
ally richer in cholesterol than chicken eggs: this is mainly
attributable to the HDL level, the so called good choles-
terol (Narinc et al. 2013; Tolik et al. 2014). In commercial
egg farming, feed additives are often used to improve
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health status, growth of chickens and efficiency of pro-
duction (Dhama et al. 2014). Nevertheless, the use of
antibiotics in animal production has been banned and
replaced by efficient feed additives such as prebiotics
and probiotics, which stimulate growth and favourably
affect the immune response (Al-Khalaifah 2018).
Probiotics are defined as either single or blend of live
microorganisms which beneficially promote the health
of host animal by production of special metabolites
(hydrogen peroxide, short organic fatty acids, and
metabolites possessing antimicrobial activity), competi-
tive binding to receptors, and immunostimulatory effects
(Madsen et al. 2001; Sherman et al. 2009). The microor-
ganisms most commonly used as probiotic include sev-
eral colonising species of Streptococcus, Lactobacillus,
Clostridium, Bacillus, Enterococcus, and E. coli, while non-
colonising fungal and yeast probiotics which are trad-
itionally used as probiotics include Saccharomyces cerevi-
siae (S. cerevisiae) and Aspergillus oryzae (A. oryzae)
(Chuang et al. 2019). S. cerevisiae provides a good source
of high-quality protein and B vitamins. In poultry pro-
duction, the yeast extract is suggested to be the most
effective non-antibiotic alternative to overcome patho-
genic bacteria (Huff et al. 2010). Previous research has
indicated that feeding broilers on diets containing S. cer-
evisiae powder at 0.5% to broilers from 1 to 42days of
age, improve the productive performance, reduce the
number of E. coli, and increase the villi height in the
intestine (Teng et al. 2016). In addition, substantial
enzyme secretion capabilities such as xylanases, cellu-
lases, and proteases has been reported for S. cerevisiae
(Strauss et al. 2001). A. oryzae, generally recognised as
safe probiotic, can be used as a probiotic for fermenta-
tion. It was also reported that the fermentation of cas-
sava pulp with A. oryzae can improve the CP content
and feeding of broilers with 160g/kg of fermented cas-
sava pulp from 1 to 42days of age resulted in higher
digestive enzymes that are involved in digestion
(Khempaka et al. 2014). A. oryzae remove actively the
oxygen of the fermentation media and provide a favour-
able environment for the growth and proliferation of
Bacillus subtilis, Lactobacillus plantarum, and Lactobacillus
acidophilus, and in turn, develop a protective ecosystem
against the pathogenic organisms (Jazi et al. 2017). The
beneficial effects of probiotics in laying hens on egg pro-
duction percentage, egg weight, egg mass, and serum,
and yolk cholesterol concentration have been previously
reported (Nahashon et al. 1994; Abdulrahim et al. 1996;
Jin et al. 1997). Han et al. (1999) evaluated the effects of
dietary A. oryzae on the metabolizability of macronu-
trients in laying hens and concluded that the fungus
increased nutrients digestibility. However, except for

extra-large eggs, no differences were found in egg pro-
duction, egg weight, and shell weight (Han et al. 1999).
Similarly, Tomaszewska et al. (2018) reported that dietary
supplementation with S. cerevisiae lead to positive
impacts on the absorptive surface area of the jejunum
and improve digestive efficiency in laying quails.
Similarly, Gao et al. (2008) reported that dietary inclusion
of yeast culture increased the villus height and villus
height to crypt depth ratio in the duodenum, and
jejunum of broiler chickens. Feng et al. (2007) indicated
that dietary supplementation of A. oryzae fermented soy-
bean meal in place of soybean meal can reduce the
crypt depth in jejunum and enhance the villus height in
both jejunum and duodenum of broiler chickens. The
uptake of nutrients from lumen into the intestinal epi-
thelial cells is regulated by nutrient transporters
(Kaminski and Wong 2018). It has been reported that
the probiotic supplementation affected the gene expres-
sion of some nutrient transporters in the enterocytes
(Buts et al. 1999; Silveira et al. 2018). Among these trans-
porters, the sodium-glucose cotransporter (SGLT1) is the
main glucose transporter in the brush border membrane
(Wright 2013). The objective of the present trial was to
evaluate the effects of A. oryzae and S. cerevisiae indi-
vidually or synergistically as alternatives to antibiotics on
performance, egg quality, intestinal morphology, and
mRNA expression of SGLT1 in laying Japanese quails.

Materials and methods

Birds, husbandry and experimental treatments

A total of 320 laying Japanese quails (Coturnix coturnix
japonica) at 37 days of age with the same initial
weight were purchased from a local hatchery and fed
a commercial diet for 10 days. They were then ran-
domly allocated to eight treatment groups with 4 rep-
licates of 10 quails per each replicate based on a
completely randomised design. Quails were individu-
ally housed in battery wire cages (50� 30� 50 cm3)
equipped with individual feeder and nipple drinker.
Briefly, quails were fed on eight experimental diets
including a basal control diet (containing no supple-
ment), control diet þ 50mg/kg tetracycline, control
diet þ 100 and 200mg/kg A. oryzae, control diet þ
100 and 200mg/kg S. cerevisiae, and control diet þ
100 and 200mg/kg mixture of A. oryzae and S. cerevi-
siae at equal proportions, respectively. A. oryzae and S.
cerevisiae were obtained from the Persian Type
Culture Collection (PTCC) of the Iranian Research
Organisation for Science and Technology. Feed and
water were provided ad libitum during the 7-week
experimental period. The quails were exposed to a
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continuous lighting regimen of 16 h. All diets were iso-
caloric and isonitrogenous and formulated based on
corn and soybean meal to meet or exceed the laying
Japanese quail requirements, according to NRC (1994)
(Table 1). All quails were kept under the same care
and management conditions during the entire period
of the experiment. The Animal Ethics Committee of
Saravan Higher Education Complex approved all the
animal protocols used in the current experiment.

Productive performance

Egg production (number and weight) was recorded
daily, and then hen-day egg production was calcu-
lated. Feed intake was recorded at weekly intervals on
the cage basis. Feed conversion ratio (FCR) was calcu-
lated as the ratio of grams of feed consumed per
grams of egg produced. Egg mass was calculated as
the multiplying of average egg weight by the number
of eggs laid. Defective eggs, including cracked, broken,
shell-less eggs, and other abnormal eggs, were
recorded as they laid.

Egg quality traits

During a 4-day period in the last week of the experi-
ment, eggs from each replicate were collected (1280
in total). Thereafter, 3 eggs per each replicate were
randomly selected to determine external and internal
egg quality parameters. Egg length, and egg width, in
mm, were measured using a digital micrometer with
measuring accuracy of ±1 lm (series 500, Mitutoyo,
Tokyo, Japan). Egg shape index was subsequently cal-
culated: egg shape index¼ egg width/egg length
�100) (Anderson et al. 2004). To assess the internal
egg quality characteristics, the eggs were broken on a
flat glass surface. The egg yolks were separated from
the albumen and rolled on a wet paper towel to
remove residual albumen and weighed. The yolk index
was calculated as yolk index¼ yolk height/yolk diam-
eter (mm) according to Funk (1958). The yolk colour
was evaluated using the Roche colour fan (Hoffman-La
Roche Ltd., Basel, Switzerland) where, 1 is the light
pale and 15 the dark orange. The shells were carefully
separated, washed thoroughly, dried at room tempera-
ture for 24 h and then weighed. Shell thickness was
measured at three different points of the egg (sharp
end, equator and, air cell) using a digital micrometer
(series 500, Mitutoyo, Tokyo, Japan). The average value
of these measurements was the egg shell thickness.
Albumen weight was determined by subtracting yolk
and shell weights from the whole egg weight. Haugh

unit (HU) was calculated as HU¼ 100 log (albumen
height � 1.7 egg weight 0.37þ 7.57), according to
Sari et al. (2016). Relative weights for shell, albumen,
and yolk were expressed as a percentage of
egg weight.

Intestinal histomorphology, serum metabolites
and sampling

At the end of the experiment, one bird per replicate
was randomly selected, fasted for 12 h, and weighed.
The quails were electrically stunned and then bled
from the jugular vein. The blood samples were centri-
fuged at 3500� g for 10min at 4�C and stored at
�20�C until analysis of samples for triglyceride, LDL,
HDL, and cholesterol. The sera samples were analysed
using an automated blood analyser (Random Access
Analyser A15, Biosystem Corp, Spain). Thereafter, the
selected birds were killed by cervical dislocation. The
intestine was collected, and tissue samples from
jejunum were removed (1.5 cm in length), simultan-
eously flushed with cold sterile saline (PH 7.2), and
fixed in 10% formalin for further analyses. Tissue sam-
ples were then gradually dehydrated, sectioned into
6mm thickness, embedded in paraffin and, subse-
quently cut with a 5 lm thickness and placed on
slides. The tissues were stained with hematoxylin-eosin
and morphological indices, including villus height, vil-
lus width, and crypt depth determined using an
optical microscope (Olympus BX41TF, Tokyo, Japan)
and image analysis system (Olysia Soft Imaging
System, Germany). Villus surface area was determined
as [(2p) � (villus width/2) � (villus height)] (Sakamoto
et al. 2000). To evaluate the gene expression of SGLT1,
samples from the midsegment of the jejunum
(150–200mg) were taken, rinsed in ice-cold PBS,
minced, placed into RNAlater (Qiagen, Hilden,
Germany), and stored at �80 �C for subsequent
mRNA extraction.

Total RNA extraction and reverse transcription

The total RNA was extracted using a commercial RNA
extraction kit (RNX-plus Kit, SinaClon Iran)) according
to the manufacturer’s instructions. The RNA quality
and quantity were determined using a NanoDrop
2000 spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA) set at 260–280 nm wavelength.
Extracted RNA kept at �80 �C until used for cDNA syn-
thesis. Subsequently, the cDNA was synthesised from
1 to 10 micrograms of total RNA in the presence of a
2-steps RT-PCR kit (Cat. No. RTPL12, Vivantis
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Technologies) according to the manufac-
turer’s protocol.

Quantitative real-time PCR

A quantitative real-time PCR (qRT-PCR) was performed
using a Real-Time PCR System (Applied Biosystems) on
48-well plate format. Each quantitative PCR (qPCR)
reaction was performed with forward and reverse pri-
mers for either the target genes or the housekeeping
gene, cDNA, SYBR Green Master Mix (Applied
Biosystems). Each reaction was performed in duplicate,
and no template control was included in each run.
The primers included SGLT1 and b-actin as the internal
control. The primer of SGLT1 used for real-time PCR
was that reported in (Santana et al. 2019). The real-

time PCR reaction was run under the following set-
tings: 95 �C for 10min, 40 cycles of 95 �C for 15 s,
60 �C for 30 s, and 72 �C for 40 s, followed by 1 cycle of
final extension at 72 �C for 10min; the melting curve
was obtained over the range 60–95 �C. The sequences
of the primers used in the present study are listed in
Table 2. The average mRNA expression of the target
genes relative to the b-actin as endogenous control
was calculated using the 2�DDCt method (Livak and
Schmittgen 2001).

Statistical analysis

Data were statistically analysed using the general lin-
ear model (GLM) procedure of SAS (SAS Institute,
2003) in a completely randomised design. The experi-
mental unit was the cage of 10 quails. Differences
between treatments were determined using Tukey’s
test and considered significant at p� .05. The follow-
ing statistical model was used.

Yij ¼ l þ Ti þ eij :

where Yij is the observation, l is the general mean, Ti
is the effect of the treatment, l is the general mean,
eij is the effect of random error.

Results

Productive performance

The effects of dietary treatments on quail’s productive
performance are summarised in Table 3. The highest
value of egg production was recorded in the group
that received S. cerevisiae at the level of 200mg/kg,
while the lowest value was obtained in quails receiv-
ing the dietary supplementation with 200mg/kg mix-
ture of A. oryzae and S. cerevisiae at equal proportions
(90.2 and 85.8%, respectively, p< .001). Meanwhile,
the differences were significant when compared with
those receiving control, A. oryzae-supplemented, and a
mixture of A. oryzae and S. cerevisiae-supplemented
groups at 100 and 200mg/kg (90.2 vs. 87.7, 86.7, 86.6,
86.4%, and 85.8% respectively, p< .001). Also, no stat-
istically significant differences were found among lay-
ing quails fed both tested levels of S. cerevisiae
(p> .05). Concerning egg weight, the highest value

Table 2. Primer sequences used for the quantitative real-time PCR.
Genea Primer sequenceb (50–30) Annealing temp (�C) Amplicon (bp) Reference

SGLT1 F: GCCATGGCCAGGGCTTA 60 �C 160 Santana et al. (2019)
R: CAATAACCTGATCTGTGCACCAGTA

b-actin F: AACACCCACACCCCTGTGAT 60 �C 136
R: TGAGTCAAGCGCCAAAAGAA

aSGLT1: sodium-glucose cotransporter.
bF: Forward primer; R: Reverse primer.

Table 1. Ingredients and chemical composition (%) of the
basal diet.
Ingredient (% as fed)

Corn 56
Soybean meal 29
Corn gluten 3.51
Vegetable oil 3.24
CaCO3 5.3
Dicalcium phosphate 1.6
Sodium chloride 0.27
Sodium bicarbonate 0.11
DL-Methionin 0.15
L-Lysine 0.09
L-Threonine 0.08
Vitamin premixa 0.25
Mineral premixb 0.25
Washed sand 0.15
Calculated nutrients and energy
AME, (kcal/kg) 2950
Crude protein (%) 20
L-Lysine (%) 1.03
DL-Methionin (%) 0.48
TSAA (%) 0.81
Calcium (%) 2.48
Nonphytate P (%) 0.45
Total P (%) 0.64

Analysed values
AME, (kcal/kg) 2946
Crude protein (%) 19.94

aVitamin mixture provided per kg of diet: 11000 IU of vitamin A, 1800 IU
of vitamin D3,11mg of vitamin E, 2mg of vitamin K3, 4mg of vitamin
B1, 5.7mg of vitamin B2, 2mg of vitamin B6, 0.5mg of folic acid,
2500mg of choline chloride, 0.125mg of antioxidants, 0.03mg of Biotin
and 0.024mg of vitamin B12.
bMineral mixture provided per kg of diet: 500mg of FeSO4, 65mg of
CuSO4, 100mg of MnSO4, 0.5mg of Iodine and 0.22 gm of Selenium.
CaCo3: Calcium carbonate; AME: apparent metabolizable energy; TSSA:
total sulfur amino acids.
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was recorded for quails fed on diets included with the
mixture of A. oryzae and S. cerevisiae at 100mg/kg,
but the lowest egg weight value was recorded for
those fed on A. oryzae-supplemented diets at 200mg/
kg (12.04 vs. 11.71 g, p< .001). The differences were
significant as compared to the other groups except
for the A. oryzae-supplemented group at 100mg/kg.
Regarding feed intake, the highest value was noted
for quails fed a control diet, while the lowest value
was observed in those fed on S. cerevisiae-supple-
mented diets at 200mg/kg (30.55 vs. 29.12 g,
p< .001). The reduction of feed intake in the S. cerevi-
siae-supplemented group at 200mg/kg was statistic-
ally significant as compared to other groups except
those receiving diets supplemented with 100mg/kg of
S. cerevisiae. Results revealed that the quails fed diets
supplemented with 200mg/kg S. cerevisiae had the
lowest FCR values (g feed/g egg) followed by S. cerevi-
siae-supplemented group at 100mg/kg, and tetracyc-
line-supplemented group (2.77, 2.86, and 2.91,
respectively). In contrast, the quails fed on control
diets showed the highest FCR values followed by
those receiving diets containing the mixture of probi-
otics at 200 and 100mg/kg (3.02 and 2.97, respect-
ively). Concerning egg mass, the higher value was

noted in quails that given diets containing S. cerevisiae
at 200mg/kg, which was statistically significant com-
pared to the A. oryzae-supplemented group and those
receiving the mixture of two probiotics at 200mg/kg
(10.66 vs. 10.15 and 10.16, respectively, p< .001).

Egg quality parameters

As shown in Table 4, the greatest value of shell thick-
ness was noted in S. cerevisiae-supplemented group at
100mg/kg and the lowest in the tetracycline-supple-
mented group (0.190 vs. 0.170mm, respectively). The
shell thickness was significantly influenced by S. cerevi-
siae, particularly at the level of 200mg/kg, which was
significantly different compared to other groups
except the group receiving S. cerevisiae-supplemented
diets at 100mg/kg and those given the mixture of
probiotics at 200mg/kg (p< .001). Regarding shell
weight, no significant differences were observed
between dietary treatments during the experimental
period (p> .05). The greatest shell percent was
recorded for quails fed on diets containing 100mg/kg
S. cerevisiae followed by a mixture-supplemented
group at 100mg/kg, and those given control diets
(9.63, 9.44, and 9.36%, respectively), while the lowest

Table 3. Effect of A. oryzae and S. cerevisiae dietary inclusion on the productive performance of laying Japanese quails.

Parameter

Treatments

SEM p-ValueControl
Tetracycline
(50mg)

A.
oryzae
(100mg)

A.
oryzae
(200mg)

S.
cerevisiae
(100mg)

S.
cerevisiae
(200mg)

A. oryzae
þ S.

cerevisiae
(100mg)

A. oryzae
þ S.

cerevisiae
(200mg)

Egg production
(hen-day %)

87.7bc 88.0abc 86.7bc 86.6bc 88.7ab 90.2a 86.4bc 85.8c 1.883 .0001

Egg weight (g) 11.83c 11.85bc 11.99ab 11.71c 11.82c 11.80c 12.04a 11.82c 0.214 .0001
Feed intake (g/quail/day) 30.55a 29.75cd 30.25ab 29.49d 29.43de 29.12e 30.34ab 30.08bc 0.288 .0001
Feed conversion ratio

(FCR, g feed/g e.g. g)
3.04a 2.91bc 2.96abc 2.96abc 2.86cd 2.77d 2.97abc 3.02ab 0.104 .0001

Egg mass (g) 10.36ab 10.43ab 10.40ab 10.15b 10.47ab 10.66a 10.41ab 10.16b 0.244 .0001
a–dMeans within each row with no common superscript differ significantly (p< .05).

Table 4. Effect of A. oryzae and S. cerevisiae dietary inclusion on egg quality traits of laying Japanese quails.

Parameter

Treatments

SEM p-ValueControl
Tetracycline
(50mg)

A.
oryzae
(100mg)

A.
oryzae
(200mg)

S.
cerevisiae
(100mg)

S.
cerevisiae
(200mg)

A. oryzae
þ S.

cerevisiae
(100mg)

A. oryzae
þ S.

cerevisiae
(200mg)

Shell thickness (mm) 0.175cd 0.170d 0.181bc 0.179bc 0.182ab 0.190a 0.176ab 0.172bc 0.001 .0001
Shell weight (g) 1.17 1.12 1.15 1.15 1.20 1.10 1.07 1.15 0.037 .363
Shell (%) 9.36ab 9.09bc 9.10bc 9.24ab 9.63a 8.96bc 9.44ab 7.24c 0.056 .001
Yolk weight (g) 3.67 3.80 3.90 3.82 3.75 6.17 4.02 4.12 0.782 .384
Yolk (%) 31.36 31.24 31.43 31.01 32.81 32.12 32.66 32.06 0.442 .712
Yolk index 46.7b 49.0a 49.4a 48.3ab 49.1a 48.0ab 47.5ab 47.7ab 0.289 .046
Yolk colour 5.20 5.10 5.35 5.17 5.35 5.15 5.30 5.25 0.113 .693
Albumen (%) 58.7 59.6 59.4 59.7 57.0 58.9 57.8 59.9 0.500 .345
Egg shape index 77.4 77.2 76.9 78.0 78.6 77.6 77.6 76.7 0.266 .778
Haugh unit 86.2ab 86.0b 88.1ab 88.5a 87.7ab 87.7ab 86.9ab 87.8ab 0.257 .016
a–dMeans within each row with no common superscript differ significantly (p< .05).
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shell percent was obtained in the mixture-supple-
mented group at 200mg/kg, which was significantly
different compared to the control group (7.24 vs.
9.36%, p< .01). All yolk characteristics (yolk weight,
yolk percent, and yolk colour) were not significantly
influenced by dietary treatments (p> .05), except for
yolk index that was the greatest in A. oryzae-supple-
mented group (100mg), and significantly different
when compared to control group (p< .05). No signifi-
cant differences in albumen percentage, and egg
shape index (p> .05) were found among dietary treat-
ments. Data on the Haugh unit showed that the quails
fed on A. oryzae-supplemented diets had the highest
value, and those fed on tetracycline-supplemented
diets revealed the lowest value among the groups
(88.5 vs. 86.0, p< .05). However, no statistically signifi-
cant differences were found when compared to the
control group (88.5 and 86.0 vs. 86.2, p> .05).

Intestinal histomorphology

As shown in Table 5, villus height in the S. cerevisiae-
supplemented group (200mg/kg) was greatest than
other groups while the lowest value was found in the
mixture-supplemented group at 200mg/kg (553.25 vs.
395, p< .05). Also, the differences were statistically sig-
nificant compared to all other treatments except those
fed on 100mg/kg S. cerevisiae, and mixture of

probiotics (p< .05). The quails fed on diets containing
200mg/kg A. oryzae showed the highest value of villus
width. On the other hand, the lowest value was
obtained in those fed on tetracycline-supplemented
diets (146 vs. 108.75, p< .05). The villus width was sig-
nificantly higher in quails given 200mg/kg A. oryzae
compared to those receiving 100mg/kg A. oryzae or
200mg/kg S. cerevisiae (p< .005), but did not differ
from the control group (p> .05). No statistically signifi-
cant effects were found on crypt depth, villus surface
area, and villus height/crypt depth ratio (p> .05).
However, a near-significant trend for villus surface area
(p¼ .07) and a substantial trend towards significant
(p¼ .067) for villus height/crypt depth ratio were found.

Serum metabolites

According to the results illustrated in Table 6, dietary
treatments did not significantly affect blood serum
parameters (p> .05). Dietary supplementation of A. ory-
zae, S. cerevisiae, or a mixture of them did not affect tri-
glyceride, LDL, HDL, and cholesterol compared to
control or tetracycline-supplemented group (p> .05).

SGLT1 gene expression

The fold change gene expression of SGLT1 is pre-
sented in Figure 1. Results showed that dietary

Table 5. Effect of A. oryzae and S. cerevisiae dietary inclusion on jejunum morphology of laying Japanese quails.

Parameter

Treatments

SEM p-ValueControl
Tetracycline
(50mg)

A.
oryzae
(100mg)

A.
oryzae
(200mg)

S.
cerevisiae
(100mg)

S.
cerevisiae
(200mg)

A. oryzae
þ S.

cerevisiae
(100mg)

A. oryzae
þ S.

cerevisiae
(200mg)

Villus height (mm) 415.50bc 425bc 426.50bc 427bc 511.50ab 553.25a 472abc 395c 10.96 .018
Villus width (mm) 144.25ab 108.75d 114cd 146a 135.25abcd 118bcd 129.25abcd 140.75abc 2.960 .021
Crypt depth (mm) 71.50 70 61.50 67 70.50 72 75 74.50 2.10 .801
Villus surface

area (mm2)
189666 145175 152582 195701 217145 206840 188515 173857 5.977 .070

Villus height:crypt
depth ratio
(mm/mm))

5.992 6.135 6.970 6.382 7.325 7.910 6.397 5.377 0.190 .067

a–dMeans within each row with no common superscript differ significantly (p< .05).

Table 6. Effect of A. oryzae and S. cerevisiae dietary inclusion on blood serum parameters of laying Japanese quails.

Parameter

Treatments

SEM p-ValueControl
Tetracycline
(50mg)

A.
oryzae
(100mg)

A.
oryzae
(200mg)

S.
cerevisiae
(100mg)

S.
cerevisiae
(200mg)

A. oryzae
þ S.

cerevisiae
(100mg)

A. oryzae
þ S.

cerevisiae
(200mg)

Triglyceride
(mg/dL)

1870 1857 1663 1809 1759 1531 1587 2183 0.200 .169

LDL (mg/dL) 23.275 26.025 29.725 33.275 29.925 28.900 23.750 30.975 0.012 .610
HDL (mg/dL) 68.7 70 54.2 73.7 53.2 58.7 55 76.7 0.667 .670
Cholesterol

(mg/dL)
200 193 161 202 174 182 161 206.25 0.414 .104

LDL: low-density lipoprotein; HDL: high-density lipoprotein.
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inclusion of S. cerevisiae at two levels (i.e. 100 and
200mg/kg) up-regulated the expression of SGLT1 in
the jejunum compared to control and other dietary
treatments (p¼ .047).

Discussion

This feeding experiment was designed to evaluate the
effects of two probiotics A. oryzae, and S. cerevisiae, in
comparison with tetracycline antibiotic as beneficial
agents on productive performance, intestinal morph-
ology, and SGLT1 gene expression in laying Japanese
quails. In agreement with the present study, Yalçı n
et al. (2010) found that dietary supplementation with
yeast autolysate (S. cerevisiae) at 2, 3, and 4 g/kg in
laying hens increased hen-day egg production, egg
weight, and improved the feed efficiency. Regarding
the FI, similar results were noted by €Ozsoy et al.
(2018), who reported that the laying hens fed with the
diets containing S. cerevisiae at the level of 0.2%
revealed the lowest feed intake. Contrary to the find-
ings of the present study, Yalçın et al. (2009) reported
that except for egg weight, other performance param-
eters were not significantly influenced by dietary inclu-
sion of dried baker’s yeast (S. cerevisiae at the levels of
4–20%) in laying quails. This divergence may be the
result of the differences in the birds age, doses, feed-
ing trial duration, and strains of yeast. In the present
experiment, the improvement of productive perform-
ance traits by dietary inclusion of S. cerevisiae in laying
quails could be related to the influence on the gut
health that led to better FCR. It has been reported
that dietary supplementation of S. cerevisiae in the ani-
mal diets increased the activities of A-amylase, trypsin,
and chymotrypsin in duodenal chyme that may result
in higher protein digestibility and nutrient utilisation
(Ahiwe et al. 2020). Moreover, yeast is a rich source of

nutrients and it may act as an efficient substrate for
beneficial microorganisms, which leads to the increase
in proliferation of these gut microbiota (Zhang et al.
2005). It should be noted that intestinal bacteria that
exist in the gastrointestinal tract play a key role in
nutrients digestion and absorption and may conse-
quently influence the animals FCR (Zhang et al. 2005).
It has been found that mannan oligosaccharides
derived from the yeast cell wall reducing the patho-
genic bacterial flora in the digestive gut, so lead to
the efficient diversion of dietary nutrients towards pro-
duction in birds fed yeast supplement, which in turn
might improve egg production in breeders and layers
(Spring et al. 2000). It appears that the improvements
of egg production and egg weight in the present
experiment could be related to the promoting
potency of probiotics on metabolic processes of
nutrients digestion and utilisation (Yeo and Kim 1997).
It is well illustrated that probiotics can alter the
gastrointestinal flora by reducing the pH, increasing
the activity of intestinal enzymes, and nutrients digest-
ibility (Yang et al. 2005). Inclusion of probiotics in the
diets exert beneficial effects on nutrients availability in
the digestive gut, improve the intestinal absorption of
nutrients, and led to an effective reduction of feed
consumption because laying birds have adequate
amounts of nutrients for maintenance and production
(Markowiak and �Sli_zewska 2018). The obtained results
from our study regarding the beneficial effects of sup-
plementary S. cerevisiae on egg shell thickness coin-
cide with the findings of Elkaiaty et al. (2019), who
stated that the egg shell thickness values were signifi-
cantly higher for laying hens fed on the diets contain-
ing 0.4 and 0.6% yeast (S. cerevisiae). The findings are
consistent with a previous report of Lemos et al.
(2014) who showed that dietary inclusion of cell wall
of S. cerevisiae at 0.15% in the diets of laying Japanese
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Figure 1. Effect of A. oryzae and S. cerevisiae dietary inclusion on the relative mRNA expression of SGLT1 in the intestine of laying
Japanese quails (n¼ 32). Tet, tetracyclin; A.o, A. oryzae; S.c, S. cerevisiae. a–bHistograms with no common superscript differ signifi-
cantly (p <.05).
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quails resulted in improvement of the shell thickness
and percentage. Elkaiaty et al. (2019) reported that
egg shell thickness in the layers fed yeast-supple-
mented diets may be related to the enhancement of
calcium absorption and retention. The positive impacts
of the feeding of probiotic-supplemented diets on egg
shell quality may be related to a favourable environ-
ment in the gastrointestinal tract, which may support
the absorption of more nutrients (Panda et al. 2008).
The improvement of shell quality in quails fed on
yeast-supplemented diets, noted in the present experi-
ment, confirms the hypothesis that the acidic environ-
ment developed in the digestive gut by lactic acid
bacteria facilitates the ionisation and subsequent
absorption of the minerals (Haddadin et al. 1996). The
results of the present study concerning the egg yolk
index are consistent with previous research by Yoruk
et al. (2004), who found that supplementation of pro-
biotic (containing A. oryzae 7.98� 109 cfu) during the
late laying period in hens significantly improved the
yolk index. The egg yolk index, defined as an index of
the freshness of an egg, the ratio of yolk height over
yolk diameter. The yolk index reduces as a conse-
quence of egg deterioration (Khan et al. 2011). The
increase in yolk index values is related to the insertion
of yellow pigments in the yolk membrane between
the lipid molecules, which might be related to the
higher uptake of corn xanthophylls. A. oryzae can util-
ise the fibre and starch of the carbon source substan-
ces to generate energy for the growth of beneficial
microbes and thereby influencing the egg yolk index
(Gnanadesigan et al. 2014). The present findings pro-
vided evidence that the villus height in the jejunum
increased in the S. cerevisiae-supplemented group
(200mg/kg). In agreement with the present observa-
tions, Rahimi et al. (2019) found that cell wall prepara-
tions from S. cerevisiae IMW50 in broilers challenged
with Salmonella and Campylobacter increased the villus
height. Similar findings were found in a study by
Tomaszewska et al. (2018), where the villus height was
significantly increased in laying Japanese quails receiv-
ing the S. cerevisiae-supplemented diets at the level of
1.5%. These alterations may be related to the fact that
dietary yeast affects the local metabolism and
increases the synthesis of short chain fatty acids
(SCFAs), which in turn stimulate the proliferation of
intestinal epithelial cells resulting in broader and lon-
ger villi (Tomaszewska et al. 2018). Also, improved
intestinal alterations due to dietary probiotics are
related to their ability to develop a better environ-
ment for beneficial microbes (Awad et al. 2010).
Similarly, Shah et al. (2019) reported that lactobacillus

bacteria may increase the villus height via the diges-
tion of carbohydrates, production of VFAs, and conse-
quent nourishment of the intestinal villi. The higher
values of villus height could result in a greater cap-
acity for available nutrients (Jazi et al. 2018), which
may be reflected by the improvement of the FCR val-
ues in the present experiment. Concerning the effects
of A. oryzae on villus width, our findings are in agree-
ment with the results of Mathivanan et al. (2006), who
reported that fermentation products of Aspergillus
niger, one of the most common members of the
genus Aspergillus, significantly increased the ileum villi
width. Probiotics can occupy the surface of the intes-
tinal wall resulting in the reduction of the pathogenic
bacteria, and the birds fed probiotic-supplemented
diets can develop changes in intestinal tissues, such as
the increase in the number of cells in mitosis and
nuclear size. Similar to the results of the present study,
other investigations have found that the serum blood
triglyceride, LDL, HDL, and cholesterol were not
affected by S. cerevisiae or A. oryzae supplementation
(Sohail et al. 2011; Jazi et al. 2018). The results demon-
strated that A. oryzae, S. cerevisiae, or the combination
of two probiotics up to 200mg/kg in quails’ diet had
no significant impact on the physiological state, and
the supplemental probiotics did not affect the ability
of cholesterol transport from peripheral tissues to the
liver. Regarding the effects of dietary S. cerevisiae on
gene expression of SGLT1, these results are consistent
with a previous report of Silveira et al. (2018), who
stated that the yeast culture increased the gene
expression of SGLT1 in porcine jejunal explants.
Similarly, Buts et al. (1999) reported that the adminis-
tration of S. boulardii by orogastric intubation at the
level of 1mg/g body weight per day for seven days
increased twofold, the expression of SGLT1 in brush
border membranes of resected rats. The SGLT1 trans-
porter is responsible for Naþ-dependent uptake of glu-
cose from the intestinal lumen into mucosal epithelial
cells (Kellett et al. 2008). It has been shown that the
supplementary yeast provides the high amounts of
polyamines, that are taken up via the polyamine trans-
port system and act as signalling molecules. As a con-
sequence, transcription, translation, and kinase
activities are activated, thereby resulting in enhanced
expression of digestive enzymes, SGLT1, and alkaline
phosphatase in the intestinal mucosa (More and
Vandenplas 2018). Polyamines play a vital role in the
maturation of the glucose transporters (Glut2 and
SGLT1) in the digestive gut during development (Wild
et al. 2007). It has been found that the prominent role
of polyamines is their potential to stimulate the
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eukaryotic translation initiation factor 5 A (EIF5A).
Polyamines affect the activity of EIF5A through the
post-translational alteration of a specific lysine residue.
As a result of this modification, the active EIF5A can
bind to ribosomes and initiate translation (Schuller
et al. 2017). On the other hand, it has been reported
that the control of pathogenic bacteria in the birds
given supplementary probiotic may affect the expres-
sion of intestinal carriers (Santana et al. 2019).
Previous studies found that microbial-elicited reactive
oxygen species (ROS) as a second messenger may play
a detrimental role in cell signalling, growth, motility,
and differentiation of epithelial cells and thereby influ-
ence the expression of genes and absorptive capacity
of the gastrointestinal tract (Jones et al. 2012).

Conclusions

Based on the above-mentioned findings, it was dem-
onstrated that the inclusion of 200mg/kg S. cerevisiae
in the diets for laying Japanese quails could be a valid
alternative to antibiotics as it improved egg produc-
tion, shell thickness, FCR, gut development, and SGLT1
gene expression. Differently, the sole supplementation
of A. oryzae as well as the simultaneous administration
of A. oryzae and S. cerevisiae did not affect productive
performance, intestinal morphology, and SGLT1 gene
expression. Despite these encouraging findings, further
research is needed to determine the exact mechanism
of action of the S. cerevisiae, especially on the product-
ive performance, egg quality traits, intestine morph-
ology, and gene expression of nutrient transporters in
laying Japanese quails.
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