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Abstract

In the recent years, red yeast (RY) Xanthophyllomyces dendrohous have
been used for color enhancing, pharmaceutical, and food industries. In search for
a new substance which can be used as feed additives to reduced morbidity and
mortality due to clinical diseases, the present study was carried out examine the
biochemical, immunological and histopathological changes in quail exposed to
Xanthophyllomyces dendrohous. A total of 360 quail chicks were allocated into 6
groups (60 chicks each) each group were divided into 3 replicates (20 chicks
each). The first one served as control (without additives). The second, third,
fourth and fifth groups were provided with 4, 8, 12 and 16g RY/kg diet respec-
tively. Whereas, the sixth group exposed to 16g active dry yeast (ADY)/kg diet.
Experimental period lasted for 28 days. Liver, renal function tests, lipid profile,
total immunoglobulin and total antioxidant capacity were assessed in the serum.
Furthermore, histopathological alterations of liver and kidney were investigated.
Results revealed that, administration of RY affect all parameters measured in the
current study in a concentration dependent manner. This could be attributed to
the difference in concentration and profile of carotenoids in the tested product.
High inclusion levels of RY in quail diet were seen to elevate within the normal
range serum AST, urea, total cholesterol, and triglycerides. No significant differ-
ences were found between ADY administrative groups and control in most tested
parameters. Furthermore, RY and ADY administration did not show any patho-
logical alteration in the liver and renal tissues. In conclusion, RY in low doses
can be safely used in quail diets, but the high doses are not recommended.

Keywords: Quail, Biochemical, Immunological, Histopathological, Xanthophyllomyces
dendrohous.

Introduction

Poultry industry is one of the
fastest growing parts of
the agricultural economy and largest
animal agriculture sectors. In the past
100 years, it has evolved from back-
yard household production to sophis-
ticated commercial production units
(Bolton, 2015). To complement the
existing bird species, poultry industry
continues to evolve with the addition

of new bird species, such as the Japa-
nese quail which produces high qual-
ity dietary protein for human con-
sumption (Khosravi et al., 2016).
Quail are easily adapting to various
rearing conditions, resistant to vari-
ous diseases and reach sexual matur-
ity at 6 weeks of age wherefore the
quail breeding is economically viable
(Randall and Bolla, 2008). Quail re-
quire to high quality dietary protein
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due to the nature of their digestive
system. Therefore, the most impor-
tant challenge in the long-term sus-
tainability of quail production re-
mains the cost of dietary protein
(Wickramasuriya et al., 2015;
Rezaeipour et al., 2016).

Antibiotics have been used in
past decades to enhance poultry
growth performance, health and con-
trol pathogens. It can have harmful
impact such as the increases of mi-
crobial resistance to antibiotics and
residues in chicken meat products
which might be deleterious to con-
sumers (Diarra et al., 2007; and Koc
et al., 2010). In recent years, numer-
ous studies have examined yeast
products as alternatives to antibiotics
in poultry diets (Bonos et al., 2010;
Vahdatpour et al., 2011; Aydin and
Aydin, 2012; Mousa et al., 2014).

Red yeast (Xanthophyllomyces
dendrorhous) belonging to the
Basidiomycetes phylum; naturally
produced carotenoid astaxanthin
which  gives its  pigmentation
(Schmidt et al., 2011). Astaxanthin
(C40H5204), belonging to the famlly
of xanthophyll and is an orange-red
carotenoid (Wang et al., 2008), found
in marine animals (Johnson et al.,
1980; Bjerkeng et al., 1990). The red
color is due to the conjugated double
bonds at the center of the compound
(Higuera-Ciapara et al., 2006). It has
both lipophilic and hydrophilic prop-
erties and contains conjugated double
bonds, hydroxyl and keto groups. It is
a fat-soluble compound and because
of its anomalous structure it is a po-
tent antioxidant molecule due to the
presence of hydroxyl and keto moie-
ties on each ionone ring (Kim et al.,
2005; Hussein et al., 2006; Liu and
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Osawa, 2007; Sandesh et al., 2008).
It has some essential biological func-
tions, including enhancing immune
response (Jyonouchi ef al., 1993) and
it was shown to significantly effect
immune function in several in vitro
and in vivo studies (Rao et al., 2010;
Rao et al., 2013 a and b). It is impor-
tant for animal feeding, pharmaceuti-
cals, cosmetics and the food industry
(Palagyi et al., 2001). In marketable
production, to enhance the yellow-
ness of poultry products pigments are
usually added into poultry feeds
(Perez-Vendrell ef al., 2001).

Astaxanthin has great impor-
tance in food, feed, and pharmaceuti-
cal applications. The antioxidant
properties of astaxanthin are used
against oxidative injury caused by
several diseases. It has been shown to
impact on several diseases including
cancers, hypertension, diabetes, car-
diovascular, gastrointestinal, liver,
neurodegenerative, and skin diseases
(Rao et al., 2014). Therefore, the tar-
get of this work is to evaluate the ef-
fect of different levels of Xanthophyl-
lomyces dendrohous in quail diets on
some biochemical and immunological
parameters, in addition to histological
examination.
Materials and Methods

This study was carried out at the
farm of Animal and Poultry Produc-
tion, Faculty of Agriculture, Minia
University. It was designed to study
the effect of red yeast Xanthophyllo-
myces dendrorhous or active dry
yeast (ADY) on biochemical, immu-
nological and histological alterations
of quail chicks. The chemical analy-
ses were carried out at laboratories of
Animal and Poultry Production De-
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partment, Faculty of Agriculture,
Minia University.
Red yeast isolate and treatment

Xanthophyllomyces  dendror-
hous (formerly Phaffia) strain: NRRL
Y-17269 [VKM Y-2268] supplied by
American Type Culture Collection
(ATCC) Manassas, VA 20108 USA.
Active dry vyeast: Saccharomyces
cerevisiae. Diet was treated with
Xanthophyllomyces dendrorhous in-
oculants containing a minimum of
3x10 viable cells mL™".
Experimental design.

A total number of 360 unsexed
Japanese quail chicks, at two weeks
old, randomly distributed into 6 ex-
perimental groups of 60 birds each.
Each group contains three replicates
of 20 birds each. The birds were
housed in an open house in cleaned
and fumigated battery cages (1 x 0.6
x 0.4 meter as length, width and
height). Feed and water were offered
ad-libitum during the experimental
periods (2-6 weeks of age).

The basal diet contained ade-
quate levels of nutrients for growing
quail chicks (25 %CP and 2945
ME/Kg diet) as recommended by the
National Research Council, NRC,
(1994). Birds of all experimental
groups were fed on a commercial
basal diet supplemented with or with-
out Red yeast or active dry yeast as
follows:-

1-Basal diet, 2-Basal diet sup-
plemented with 4g Red Yeast/kg diet,
3. Basal diet supplemented with 8g
Red Yeast/kg diet, 4. Basal diet sup-
plemented with 12 g Red Yeast/kg
diet, 5. Basal diet supplemented with
16 g Red Yeast/kg diet, 6. Basal diet
supplemented with 16 g ADY/kg diet.
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Liver Function Tests (LFTs)

Estimation of liver functions by
measuring, the activities of liver en-
zymes such as alanine aminotrans-
ferase (ALT), aspartate aminotrans-
ferase (AST) and glucose using diag-
nostic kits (Vitro, Germany). Also,
total protein, albumin, globulin and
albumin globulin ratio were deter-
mined using commercial kits (Bio-
Med, Egypt), where, alanine and as-
partate aminotransferases were de-
termined based on the colorimetric
measurement of hydrazone formed
with 2, 4 dinitrophenyl hydrazine
(Reitman and Frankel, 1957), total
protein was determined by the Biuret
method (Peters, 1968), albumin by
the bromocresol green method
(Doumas et al., 1971). All analytical
testes were done using T80 UV Spec-
trophotometer UK. Serum globulin
concentration and albumin /globulin
(A/G) ratio were calculated using the
following equations: - Globulin (g/dl)
Total proteins (g/dl) — Albumin
(gdl)

Renal Function Tests (RFTs)

Serum levels of urea, uric acid
and creatinine were determined and
expressed as mg/dL, using commer-
cially Bio-Med reagent kits Egypt ac-
cording to (Tietz, 1986 and Tietz and
Saunders, 1990).

Lipid profile

Serum triglycerides were deter-
mined according to (Stein, 1987) us-
ing reagent kits purchased from bio-
diagonstic chemical company
(Egypt). Serum cholesterol was de-
termined according to (Ellefson and
Caraway, 1976) using reagent Kkits
purchased from spectrum chemical

company (Egypt).
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Total antioxidant capacity (TAC)

Total Antioxidant Capacity
(TAC) was measured using suitable
commercial kits according to guide-
lines and recommendation of (Tra-
chootham et al., 2008).

Turbidity test for estimation of to-
tal immunoglobulins level (Total
Ig).

Serum total immunoglobulins
level was carried out according to
(Mcewan et al., 1970 and Pfeiffer et
al., 1977). This technique is a salting
out procedure dependent on the bio-
chemical properties of immunoglobu-
lin in relation to characteristics of
ZnSOA4.

Histopathological examination

Samples from liver and kidney
were taken from all chick's groups
after slaughtered. They were fixed in
10 % neutral buffer formalin, embed-
ded in paraffin, sectioned at 3 mi-
crons and stained with hematoxylin
and eosin stain (H&E stain). Then
they were examined by light micros-
copy (Freida, 1990).

Statistical Analysis

Data were statistically ana-
lyzed, employing one-way analysis
of variance (ANOVA) and Tukey
multiple comparison tests, using the
GraphPad Prism® 7 software (ver-
sion 7.04). The results of the com-

parison between the control and the
treatments were considered statisti-
cally significant with 95% confi-
dence interval (P < 0.05).

Results

Liver function tests:

Serum AST activity of quail ex-
posed to different concentrations of
RY for 28 days significantly in-
creased by 9.56, 18.14 and 12.06% at
a concentration of 4, 8, 12g RY/kg
diet respectively compared to the
control serum chicks (Table 1). In
addition, opposite trend was observed
in ALT activity. RY induced statisti-
cally significant (p < 0.05) decrease
in ALT activity by 9.15 and 10.09%
at a concentration of 12 and 16g
RY/kg diet respectively compared
with the control group (Table 1).
While, ADY treatment (16g/kg diet)
maintained AST and ALT activities
at levels similar to the control group
(Table 1). Administration of RY ele-
vated glucose level (mg/dl) in a con-
centration dependent manner by
25.09, 19.54, 17.37% at a concentra-
tion of 4, 12, 16g RY/kg diet respec-
tively (Table 1). Also, ADY exposure
significantly (p<0.0001) raised glu-
cose level (mg/dl) by 41.27% relative
to control group.

Table 1. Average values of liver function tests in quail administered various doses
of red yeast (RY) and active dry yeast (ADY).

AST ALT Glucose thal Pro-| Albumin | Globulin A/ G ratio
Treatme (mg/dl) tein (g/dl) | (g/dl) (g/dl)
control 48834020 |23.18+0.006| 79.44+0.15 5.10+0.18 | 3.00+0.15 | 2.09+0.33 | 1.43+0.41
RY (4 g/kg) | 53.50+2.64* | 22.17+0.87 | 99.37+4.79%** | 472+0.10 | 3.02+0.18 | 1.70+0.17 | 1.83+0.67
RY (8 g/kg) | 57.69 £2.35%** | 23.78+0.68 | 70.40+0.67 436+0.29 |324+0.11 | 1.1240.22%* | 2.96 +0.21**
RY (12g/kg) | 54.72+0.56** | 21.06+0.15% | 94.96+0.64** | 4.74+0.23 | 3.06+0.15 | 1.68+0.35 | 1.83+0.54
RY (16 g/kg)| 47.67+0.81 |[20.84+0.93%| 93.24+2.16** | 483+041 |3.12+022 | 1.70+0.19 | 1.90+0.06
ADY (16 g/kg)| 51.17+1.63 | 22.51£0.88 |112.62+7.88****| 5.00+0.31 | 3.15+0.10 | 1.84+0.29 | 1.74+0.30

Values are presented as mean + SD, One-way analysis of variance (ANOVA), and Tukey multiple com-
parison tests showed statistically significant differences in relation to the control: (*P < 0.05, **P <
0.01, ***P < 0.001 and ****P < 0.0001).
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The results of total proteins and
their fractions in serum of all treated
groups are presented in Table 1,
which indicated that, globulin level
(g/dl) was significantly (p < 0.01) de-
creased by the administration of RY
by 46.41% at a concentration of 8g
RY/kg diet compared to control
group. Likewise, A/G ratio was sig-
nificantly (p < 0.01) increased by the
administration of RY by 106.99% at a
concentration of 8g RY/kg diet com-
pared to the control group. While
ADY treatment maintained total pro-
tein and all their fractions similar to
the control group (Table 1). No sig-
nificant (P < 0.001) differences were
observed in albumin (g/dl) levels be-
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45
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(B) Uric acid
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Uric acid (mg/dl)
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Creatinine {mg/dl)

tween control and other treatments
(Table 1).
Renal function tests:

Urea, uric acid and creatinine
levels (mg/dl) of all treated groups
are indicated in Figure 1A, B and C,
RY promoted a significant (P < 0.05)
increase in urea level of serum chicks
by 5.23 % at a concentration of 12g
RY/kg diet compared to the control
chicks group. In addition, ADY
treatment-maintained  urea  level
closed to untreated group (Figure
1A). Moreover, it was found that, no
significant differences were observed
in uric acid and creatinine (mg/dl)
concentrations between control and
other treatments (Figure 1 B, C).

3.0 (C) Creatinine

2.5

2.0

Treatments

Figure (1): Mean values of urea mg/dl (A), uric acid mg/dl (B) and creatinine mg/dl
(C) in serum of quail administered various doses of red yeast (RY) and active
dry yeast (ADY) in diet. One-way ANOV A and Tukey multiple comparison tests
showed statistically significant differences in relation to the control: (*P < 0.05).

Lipid profile:
For lipid profile parameters
measured immediately after

slaughter, experimental diets sig-
nificant effects (P < 0.001) on se-
rum triglycerides (mg/dl). Highly
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significant increases in its levels
were observed at a concentration
of 8, 12 and 16g RY/kg diet by
11.77, 11.00 and 8.63% respec-
tively relative to control (Figure
2A). Also, ADY treatment raised
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triglycerides level by 9.17%. Fur-
thermore, RY (8, 12, 16 g/kg diet)
promoted a very high significant
(P < 0.0001) increase in choles-
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terol level (mg/dl) by 19.87, 15.79
and 12.45% at a concentration of
8, 12 and 16g RY/kg diet respec-

tively (Figure 2B).
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Figure (2): Mean values of triglycerides mg/dl (A) and cholesterol mg/dl (B) in se-
rum of quail administered various doses of red yeast (RY) and active dry
yeast (ADY). One-way ANOVA and Tukey multiple comparison tests showed
statistically significant differences in relation to the control: (*P < 0.05, **P <
0.01, ***P <0.001 and ****P < (0.0001).

Serum total antioxidant capacity
(TAC) and total immunoglobu-
lin(Total Ig) levels

Measurement of TAC level may
reflect clinical severity of sepsis. The
results of TAC analyses are presented
in (Figure 3A). A high significant in-
crease in TAC (P < 0.0001) was ob-
served in treated birds at a concentra-
tion of 4, 8 and 16g RY/kg diet by
63.64, 72.42 and 55.56% respectively
relative to control birds. In response
to an immunogen, plasma cells pro-
duce immunoglobulins which are
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glycoprotein molecules and which
function as antibodies. The effects of
RY administration on the total Ig
level are shown in (Figure 3B). The
concentration of total Ig significantly
(P <0.001) decreased by the admini-
stration of RY at a concentration of 4,
8 and 12 g/kg in a concentration de-
pended manner by 21.10, 53.36 and
16.41 relative to the control group
respectively. No significant effects of
ADY on total Ig was detected be-
tween control and the treatment

group.
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Figure (3): Mean values of total antioxidant capacity (TAC) (A) and total immunoglobulin
(Total Ig) mg/dl (B) in serum of quail administered various doses of red yeast (RY)
and active dry yeast (ADY) One-way ANOVA and Tukey multiple comparison tests
showed statistically significant differences in relation to the control: (*P < 0.05, **P <

0.01, and ****P < (.0001).

Histopathological alterations

The basic structure of liver sec-
tions, stained with H&E stain showed
numerous hepatic lobules. The central
vein is located in the middle of the
lobule. The hepatocytes are polygonal
in shape with granulated eosinophilic
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cytoplasm and centrally located nu-
clei with one or two nucleoli and
delicate strands of chromatin. Also,
Kupffer cells appeared between the
hepatocytes as spindle-shaped cells
(Fig. 4 A, B, C, D, E and F).
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Figure (4): Histopathological examination of quails liver following the exposure of
various concentrations of red yeast (RY) and active dry yeast (ADY) in diet.
(H&E 40x). H&E = Hematoxylin and eosin. (A): Control chicks liver showing
normal hepatic structure, (B): Histological section of liver from a red yeast treated
quail chicks (4g/kg diet) showing middle congestion in blood vessel (thick arrow),
and pyknotic nuclei (zigzag arrow), (C): Histological section of liver from a red
yeast treated quail chicks (8g/kg diet) showing mild congestion in blood vessel
(thick arrow) and pyknotic nuclei (zigzag arrow), (D): Histological section of liver
from a red yeast treated quail chicks (12g/kg diet) showing strong contraction in
the central vein associated with congestion in blood vessel (thick arrow) and fi-
broblast cells (thin arrow), (E): Histological section of liver from a red yeast
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treated quail chicks (16g/kg diet) showing dilatation in the central veins associ-
ated with congestion in blood vessel (thick arrow) and pyknotic nuclei (zigzag ar-
row), (F): Histological section of liver from an active dry yeast treated quail
chicks (16g/kg diet) showing mild congestion in blood vessel (thick arrow) and

normal hepatic structure.

The kidney consists of an outer
cortex and an inner medulla. The
outer cortex of control and treated
quail kidney’s, contains the renal
corpuscles which appear as large
spherical structure and renal tubules
(proximal and distal convoluted tu-
bules). Each renal corpuscle 1S sur-

FaoaTs ﬁ,--;
A

£S5 "mf
N ‘?

| @) RY 12g/kg diet

rounded by the Bowman's capsule
composed of simple squamous
epithelial cells. It encloses the uri-
nary space and the capillary tuft of
the glomerulus which consists of
blood capillaries. (Fig. 5 A, B, C, D,
E and F).

o | ) apy Log/k diet i_"_,' RN A

Figure (5): Histopathological examination of quails kidney following the exposure

of various concentrations of red yeast (RY) and active dry yeast (ADY) in
diet. (H&E 40%). H&E = Hematoxylin and eosin. (A): Control chicks kidney
showing normal glomerulus (thin arrow), clear central vein (thick arrow) and
normal bowman’s capsule (zigzag arrow), (B): Histological section of a kidney
from a red yeast treated quail chicks (4g/kg diet) showing clear blood vessel
(thick arrow) and normal bowman’s capsule (zigzag arrow) with dilated bow-
man’s space, (C): Histological section of a kidney from a red yeast treated quail
chicks (8g/kg diet) showing congestion in blood vessel (thick arrow), (D): Histo-
logical section of a kidney from a red yeast treated quail chicks (12g/kg diet)
showing clear blood vessel (thick arrow) and normal bowman’s capsule (zigzag
arrow) with dilated bowman’s space, (E): Histological section of a kidney from a
red yeast treated quail chicks (16g/kg diet) showing clear blood vessel (thick ar-
row) and normal bowman’s capsule (zigzag arrow) with dilated bowman’s space,
(F): Histological section of a kidney from an active dry yeast treated quail chicks
(16g/kg diet) showing normal glomerulus (thin arrows) and bowman’s capsule
(zigzag arrow)
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Discussion

X. dendrorhous produce various
carotenoids, including B-carotene,
astaxanthin, canthaxanthin, and zeax-
anthin (Alvarez et al., 2006). Can-
thaxanthin is a xanthophyll with or-
ange-red pigment and antioxidant
properties which led to its widely
used in poultry farming providing the
characteristic color to chicken skin
and egg yolk (Zhang ef al., 2011). In
the biosynthesis of astaxanthin f-
carotene used as an intermediary
molecule (Ojima et al., 2006). Due to
its strong antioxidant properties and
provitamin A activity, astaxanthin is
widely used in the food, feed, cos-
metic, and pharmaceutical industries
(Green and Fascetti, 2016). It is used
as a feed additive in chicken, quail
farming and egg production (Hi-
guera-Ciapara et al.,2006; Breithaupt,
2008). It is well known that, inclusion
ADY in poultry diets maintains nor-
mal intestinal microflora, alters me-
tabolism by increasing digestive en-
zyme activity, improves digestion,
and stimulates the immune system
(Kabir, 2009). Although not many
studies have been carried out with red
yeast and quail, some positive results
have been observed in the growth
performance in broiler chickens (Per-
enlel et al., 2014). In this trend, this
study was carried out investigate to
what extent can X. dendrorhous be
safely used in the diet of quail chicks.
Furthermore, ADY was used in this
study as one of the most common
yeast used in the poultry diets to
compare its effects with X. dendror-
hous.

Determination of some serum
biochemical parameters of quail is
essential to evaluate the effectiveness
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of diets on different functions of the
liver that is, hepatocellular integrity
(transaminases), stores and produces
sugar (glucose level) and protein syn-
thesis (total proteins and their frac-
tions). In this study, the various in-
clusion levels of RY in diet were seen
to elevate AST and reduce ALT ac-
tivities within the normal range
(AST: 23.85 — 90.70 IU/L, ALT:
10.17-38.51 TU/L), which could be a
result of higher amount of carotenoid
levels produced by X. dendrorhous in
the diet (Alvarez et al., 2006).

It 1s well known that, due to the
dysfunction of pancreatic B-cells and
tissue damage, oxidative stress in-
duced by hyperglycemia. The oxida-
tive stress caused by hyperglycemia
in pancreatic B-cells could reduce by
astaxanthin which produces by X
dendrorhous and astaxanthin also
improve serum glucose levels (Uchi-
yama et al., 2002). This has been
confirmed in the present study by in-
creasing in the serum concentrations
of glucose (mg/dl) (less than normal
range 182.51-194.51 mg/dl) (Table 1)
after RY and ADY administration re-
spectively.

The clinical investigations of
renal functions such as serum urea,
creatinine and uric acid level are im-
portant to identify the renal dysfunc-
tions (Yadav et al., 2014). In the cur-
rent investigation, it was found that,
no significant alterations were ob-
served in serum uric acid and
creatinine levels after RY and ADY
administration respectively. The end
product of amino acid catabolism,
produced by liver is urea. An increase
in blood urea may be associated with
kidney disease (Mitchell and Kline,
2006). In this study serum urea con-
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centration (mg/dl) was raised within
the normal range from 52.32 to 55.06
(mg/dl) after administration with RY
(12g/kg diet). This confirmed that, a
higher concentration does of RY in
quail's diet is not recommended.

The hyperlypidimic action has
been noticed on the levels of total
cholesterol and triglycerides in serum
in some groups supplemented with
RY and ADY. In the present study,
dietary supplementation at concentra-
tions 8, 12 and 16g /kg diet of RY
and 16g /kg diet of ADY in quail
chickens was found to cause a sig-
nificant (p<0.001) increase in the
mean values of total cholesterol and
triglycerides as compared to control
birds. This could be attributed to the
hepatic activities of lipogenic and
cholesterogenic enzymes such as ma-
lic enzyme, fatty acid synthase, glu-
cose-6-phosphatase  dehydrogenase
(Queshi et al., 1983).

Red yeast produces many pig-
ments which have antioxidant activi-
ties in particular astaxanthin. It pro-
vides protection against free radical
damage to preserve immune-system
defenses (Ambati et al., 2014). In
mouse model it showed higher im-
muno-modulating effects (Jyonouchi
et al., 1991). After dietary supple-
mentation of astaxanthin decreased
humoral immune response was re-
ported (Jyonouchi et al., 1991, 1994).
The results of the current study are in
accordance with the previous studies
which revealed that, dietary supple-
mentation of RY was found to cause
a very highly significant (P < 0.0001)
increase in TAC at a concentration of
4, 8 and 16g RY/kg diet and decrease
humoral immune response by de-
creasing the total Ig level at a concen-
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tration of 4, 8 and 12g RY/kg. The
variation in response to inclusion of
RY could be attributed to the differ-
ence in concentration and profile of
carotenoids.

Histologically, administration of
high dose RY (12g/kg diet) caused
mild liver and kidney injuries includ-
ing white blood cells infiltrations
with fibroblast cells in the liver and
congested blood vesicles in the kid-
ney. ADY administration did not
show any pathological alteration in
the liver tissue, glomerulus and renal
tubules.

In summary, RY can be safely
used as a feed supplement in quail to
enhance their antioxidant status and
immune response. In addition, dietary
supplementation with RY at high lev-
els in quail diet cause minor changes
in some blood biochemical parame-
ters including liver and renal function
testes. Also, high dose of RY admini-
stration caused slight liver and kidney
damage whereas, ADY did not show
any pathological alteration in the liver
and renal tissues. Future studies may
be recommended to investigate the
possibility of RY cultural filtrate in-
clusion as a supplement in the drink-
ing water during periods of stress.
Conclusively, RY can be used to im-
prove the quality of quail chickens.
However, high doses (more than
8g/kg diet) are not recommended.
References
Alvarez V., Rodriguez-Saiz M., de la

Fuente J.L., Gudina E.J., Godio

R.P., Martin J.F. and Barredo

J.L. (2006). The crtS gene of

Xanthophyllomyces  dendror-

hous encodes a novel cyto-

chrome-P450 hydroxylase in-
volved in the conversion of -



Assiut J. Agric. Sci., (49) No. (1) 2018 (118-132)

ISSN: 1110-0486

Website:www.aun.edu.eg/faculty _agriculture/journals_issues form.php E-mail: ajas@aun.edu.eg

carotene into astaxanthin and
other  xanthophylls.  Fungal
Genet. Biol.; 43: 261-272.

Ambati S.M.P., Ravi S. and Aswa-
thanarayana ~ R.G.  (2014).
Astaxanthin: sources, extrac-
tion, stability, biological activi-
ties and its commercial applica-
tions- A Review Mar. Drugs.;
12: 128-152.

Aydin D. and Aydin R. (2012). The
effects of dietary yeast extract
containing mannan oligosaccha-
ride and B-glucans on body per-
formance, feed efficiency and
carcass characteristics in Japa-
nese quail. J. Anim. Sci. Adv.,
2: 184-187.

Bjerkeng B., Storebakken T. and
Liaaen-Jensen S. (1990). Re-
sponse to carotenoids by rain-
bow trout in the sea: Resorption
and metabolism of dietary
astaxanthin and canthaxanthin,
Aquaculture; 91:153-162.

Bolton T. (2015). The state of the
South African Poultry Industry.
Super Mark Retail 2015: 17e23.
Randall M, Bolla G. Rasing
Japanese quail. 2™ ed. 2008. p.
le5. Primefacts 602.

Bonos E.M., Christaki E.V. and
Florou-Paneri P.C. (2010). Per-
formance and carcass character-
istics of Japanese quail as af-
fected by sex or mannan oligo-
saccharides and calcium propi-
onate. S. Afr. J. Anim. Sci., 40:
173-184.

Breithaupt D.R. (2008). Xanthophylls
in poultry feeding. In Carote-
noids; Britton, G., Liaaen-
Jensen, S., Pfander, H., Eds.;
Birkhduser Basel: Basel, Swit-
zerland; 4: 255-264.

128

Diarra M.S., Fred G.S., Fatoumata
D., Jane P., Luke M., Roland B.,
Claudie B., Pascal D., Susan B.,
Brent J.S. and Edward T.
(2007). Impact of feed supple-
mentation with antimicrobial
agents on growth performance
of broiler chickens, clostridium
perfringens and enterococcus
counts, and antibiotic resistance
phenotypes and distribution of
antimicrobial resistance deter-
minants in Escherichia coli iso-
lates. American Society for Mi-
crobiology, 73:6566- 6576.

Doumas B.T., Watson W.A. and
Biggs H.G. (1971). Determina-
tion of serum albumin. J. Clin.
Chem. Acta.; 31: 87-89.

Ellefson R.D. and Caraway W.T.
(1976). fundamental of clinical
chemistry. P 506.

Freida L.C. (1990). Histotechnology:
A Self-Instructional Text, p. 90.

Green A.S. and Fascetti A.J. (2016).
Meeting the Vitamin, A re-
quirement: The efficacy and
importance of p-Carotene in
animal species. Sci. World J.;
7393620.

Higuera-Ciapara 1., Félix-Valenzuela
L. and Goycoolea F.M. (2006).
Astaxanthin: A review of its
chemistry and applications. Crit.
Rev. Food Sci. Nutr.; 46: 185-
196.

Hussein G., Sankawa U., Goto H.,
Matsumoto K., Watanabe H.
(2006). Astaxanthin, a carote-
noid with potential in human
health and nutrition. J. Nat.
Prod.; 69: 443-449.

Johnson E.A., Villa T.G. and Lewis
M.J. (1980). Phaffia rhodozyma
as an astaxanthin source in sal-



Doi: 10.21608/ajas.2018.8197
Abd El-Hafez, et al., 2018

http://ajas.journals.ekb.eg/

monid diets, Aquaculture; 20:
123-134.

Jyonouchi H., Hill R., Tomita Y. and
Good R. (1991). Studies of im-
munomodulating actions of ca-
rotenoids. [. Effects of J-
carotene and astaxanthin on
murine lymphocyte functions
and cell surface marker expres-
sion in [n vitro culture system.
Nutr. Cancer; 16: 93-105.

Jyonouchi H., Zhang L., Gross M.
and Tomita Y. (1994). Immu-
nomodulating actions of carote-
noids: Enhancement of in vivo
and in vitro antibody production
to T-dependent antigens. Nutr.
Cancer; 21: 47-58.

Jyonouchi H., Zhang L. and Tomita
Y. (1993). Studies of immuno-
modulating actions of carote-
noids. II. Astaxanthin enhances
in vitro antibody production to
T-dependent antigens without
facilitating polyclonal B-cell ac-
tivation, Nutr. Cancer; 19: 269-
280.

Kabir L.SM. (2009). The role of
probiotics in the poultry indus-
try. Int. J. Mol. Sci.; 10: 3531-
3546.

Khosravi H., Mehri M., Bagher-
zadeh-Kasmani F. and Asghari-
Moghadam M. (2016). Me-
thionine requirement of growing
Japanese quail. Anim. Feed Sci.
Technol.; 212: 222¢8.

Kim J.H., Kim Y.S., Song G.G., Park
J.J. and Chang H.I. (2005). Pro-
tective effect of astaxanthin on
naproxen-induced gastric antral
ulceration in rats. Eur J Pharma-
col.; 514:53-59.

Koc F., Samli H., Okur A. Ozduven
M., Akyurek H. and Enkoylu N.

129

(2010). Effects of Saccharomy-
ces cerevisiae and/or manna
oligosaccharide on performance,
blood parameters and intestinal
microbiota of broiler chicks.
Bulg. J. Agric. Sci., 16: 643-
650.

Liu X. and Osawa T. (2007). Cis
astaxanthin and especially 9-cis
astaxanthin exhibits a higher an-
tioxidant activity in vitro com-
pared to the all trans isomer.
Biochem. Biophys. Res. Com-
mun.; 357: 187-193.

Mcewan A.D., Fisher E.W., Selman
L.LE. and Penhale W.J. (1970). A
turbidity test for the estimation
of immunoglobulin levels in
neonatal calf serum. Cli Chim
Acta., 27:155-163.

Mitchell H.R. and Kline W. (2006).
Core curriculum in nephrology,
Renal Function Testing. Am J
Kidney Dis.; 47: 174-183.

Mousa S.M.M., Soliman M.M. and
Bahakaim A.S.A. (2014). Effect
of Mannan Oligosaccharides
and pB-glucans on productive
performance and some physio-
logical and immunological pa-
rameters of growing Japanese
quail chicks. Egyptian Poult.
Sci. J., 34: 433-451.

Ojima K., Breitenbach J., Visser H.,
Setoguchi Y., Tabata K., Ho-
shino T., van den Berg, J. and
Sandmann G. (2006). Cloning
of the astaxanthin synthase gene
from Xanthophyllomyces den-
drorhous (Phaffia rhodozyma)
and its assignment as a f3-
carotene 3-hydroxylase/4-
ketolase. Mol. Genet. Genom.;
275: 148-158.



Assiut J. Agric. Sci., (49) No. (1) 2018 (118-132)

ISSN: 1110-0486

Website:www.aun.edu.eg/faculty _agriculture/journals_issues form.php E-mail: ajas@aun.edu.eg

Palagyi Z., Ferenczy L. and Vagvol-
gyt C. (2001). Carbon-source
assimilation pattern of the
astaxanthin-producing yeast
Phaffia rhodozyma, World J.
Microbiol. Biotechnol.; 17: 95-
97.

Perenlel G., Tojo H., Okada T., Ku-
bota M., Kadowaki M. and Fu-
jimura S. (2014). Effect of die-

tary astaxanthin rich yeast,
Phaffia rhodozyma, on meat
quality of broiler chickens.

Anim. Sci. J.; 85:895-903.

Perez-Vendrell A., Hernandez J.,
Llaurado L., Schierle J. and
Brufau J. (2001). Influence of
source and ratio of xanthophyll
pigments on broiler chicken
pigmentation and performance.
Poult Sci.; 80:320-326.

Peters T.J. (1968). Proposals for
standardization of total protein
assays. J. Clin. Chem., 14:
1147-1159.

Pfeiffer N.E., Mc Guirn T.C., Bendel
R.B. and Weikel J.M. (1977).
Quantization of bovine immu-
noglobulins: comparison of sin-
gle radial immunodiffusion,
zinc sulphate turbidity, serum
electrophoresis and refracto me-
ter methods. Am. J., Vet., Res.,
38:693-698.

Queshi A.A., Abuirmeileh N., Din
Z.Z., Elson C.E. and Burger
W.C. (1983). Inhibition of cho-
lesterol and fatty acid biosyn-
thesis in liver enzymes and
chicken hepatocytes by polar
fractions of garlic. Lipids; 18:
343-348.

Randall M. and Bolla G. (2008).
Raising Japanese quail. Prime-
facts, 602:1-5

130

Rao R.A., Sindhuja H.N., Dharmesh
S.M., Sankar K.U., Sarada R.
and Ravishankar G.A. (2013a).
Effective inhibition of skin can-
cer, tyrosinase, and antioxida-
tive properties by astaxanthin
and astaxanthin esters from the
green alga Haematococcus plu-
vialis. J. Agric. Food Chem.;
61: 3842-3851.

R.A., Baskaran V., Sarada R.

and Ravishankar G.A. (2013b)

In vivo bioavailability and anti-

oxidant activity of carotenoids

from micro algal biomass - A

repeated dose study. Food Res.

Int., 54: 711-717.

Rao R.A., Phang S.M., Ravi S. and
Aswathanarayana R.G. (2014).
Astaxanthin: Sources, Extrac-
tion, Stability, Biological Ac-
tivities and Its Commercial Ap-
plications - A Review Mar.
Drugs; 12: 128-152.

Rao R.A., Reddy R.L., Baskaran V.,
Sarada R. and Ravishankar G.A.
(2010). Characterization of mi-
croalgal carotenoids by mass
spectrometry and their bioavail-
ability and antioxidant proper-
ties elucidated in rat model. J.
Agric. Food Chem.; 2010:
8553-8559.

Reitman S. and Frankel S. (1957).
Colorimetric of serum transami-
nases. Am. J. Clin. Pathol.,
28:56.

Rezaeipour V., Barsalani A. and Ab-
dullahpour R. (2016). Effects of
phytase  supplementation on
growth performance jejunum
morphology liver health and se-
rum metabolites of Japanese
quail fed sesame (Sesamum in-
dicum) meal-based diets con-

Rao



Doi: 10.21608/ajas.2018.8197
Abd El-Hafez, et al., 2018

http://ajas.journals.ekb.eg/

taining graded levels of protein.
Trop Anim Health Prod.;
48:1141e6.

Sandesh B., Manjegowda B., Mal-
laiah S., Sarada R. and Aswa-
thanarayana G. (2008). Ulcer
preventive and ant oxidative
properties of astaxanthin from
Haematococcus pluvialis. Eur ]
Pharmacol.; 590: 387-395.

Schmidt 1., Schewe H., Gassel S., Jin
C., Buckingham J., Humbelin
M., Sandmann G. and Schrader
J. (2011). Biotechnological pro-
duction of astaxanthin with
Phaffia
rhodozyma/Xanthophyllomyces
dendrorhous. Appl Microbiol
Biotechnol.; 89:555-571.

Stein E.A. (1987). Lipids, lipopro-
teins, and apolipoproteins in: N.
W. Tietz, ed. Fundamental of
clinical chemistry, 3"ed. Phila-
delphia: W. B. Saunders; 448.

Tietz N.W. (1986). Textbook of
clinical chemistry. W. B. Saun-

ders, Philadelphia, p 1271-
1281.
Tietz N.W. and Saunders W.B.

(1990). Clinical guide to labora-
tory tests: 2™ ed. Philadelphia:
26-29

Trachootham D., Lu W., Ogasawara
M.A., Nilsa R.D. and Huang P.
(2008). Redox regulation of cell
survival. Antioxid. Redox Sig-
nal.; 10: 1343-1374.

Uchiyama K., Naito Y., Hasegawa
G., Nakamura N., Takahashi J.
and Yoshikawa T. (2002).
Astaxanthin  protects  P-cells
against glucose toxicity in dia-

131

betic db/db mice. Redox Rep.;
7:290-293.

Vahdatpour T., Nikpiran H.,
Moshaveri A., Ahmadzadeh A.
and Riyazi S.R., Vahdatpour S.,
(2011). Effects of active, inac-

tive and compounded Sac-
charomyces  cerevisiae  on
growth-related hormones and

performance of Japanese quails
(Coturnix Japonica). Afr. J.
Biotechnol., 10: 15205-15211.

Wang C., Armstrong D.W. and
Chang C.D. (2008). Rapid base-
line separation of enantiomers
and a mesoform of
all-trans-astaxanthin,
13-cis-astaxanthin, adonirubin,
and adonixanthin in standards
and commercial supplements. J
Chromatogr A; 1194:172-177.

Wickramasuriya S.S., Yi Y.J., Yoo J,,
Kang N.K. and Heo J.M.
(2015). A review of canola meal
as an alternative feed ingredient
for ducks. J Anim Sci Technol
2015:57:29.

Yadav R., Bhartiya J.P., Verma S.K.
and Nandkeoliar M.K. (2014).
Evaluation of blood urea,
creatinine and wuric acid as
markers of kidney functions in
hypertensive patients: a pro-
spective study. Indian J. Basic.
Appl. Med. Res.; 3: 682-689.

Zhang W., Zhang K.Y., Ding X.M.,
Bai S.P., Hernandez J.M., Yao
B. and Zhu Q. (2011). Influence
of canthaxanthin on broiler
breeder reproduction, chick
quality, and performance. Poult.
Sci.; 90: 1516-1522.



Assiut J. Agric. Sci., (49) No. (1) 2018 (118-132) ISSN: 1110-0486
Website:www.aun.edu.eg/faculty _agriculture/journals_issues form.php E-mail: ajas@aun.edu.eg

gl aa) B padd B kel Cladd) (Bdm glsis siugh g Ao lial) g Ailias gud) i i)
COsle A daall ve Balea e ua Ao il CBdal) ae daaa aaal) ae Gal
"oaas) e Guaall ue dible g Taaa daal jew

ae— Ll — L) dsals — ded 3l Al ialall g ) gl oLy ol
e — Litall — Liiall daels — del 5l S — Gl )30 L sl s Soall ad
e — Lial) — L) dnala — Aol 550 4l Gl 3l c Ll aud

uailal)

LV aal cleliall a5 ool 3ol 1al) il 8ol jeall 5 jedll Caoadiind
A3 llaY) aalS Lealasiud (Say sagaa 5ol (e Uiay 40330 cileluall ) dsleay
ol Lol L Aadl A il A 5 il oY) i Apess B ) 520 5Dle
o Al Gland) ) sl (8 A o L il 5 Ao Lial 5 AilasS sl i pil) sl Al Hall o2a
Wil sde (ue siud ee e lewd) s o SIS TN i 5 o) jeall 3 il gy o
Vo) QKe ¥ D de sane JS anaiafp (Ao sene JSI 5T ) e gene T
A Ao ganall Ll ddailia Ao ganaS Y1 de ganall Craddiul (5 80 JSI 5SS
S i el pand) 5 yaedlly agilelae Cadi 38 Lsaldl) de ganall ) A8LaY L dal )l 5 230G
sl 5 yaedll Al e ganall (i a0 o0 Lain, gl e Jade aa€/an VT VY A o8
}Mae_a}e}.ﬁ\'/\'&d.dz\_a‘)a.\l‘;‘ﬁ‘ﬁ‘)_iﬁ&w\dﬂ}MQPAS/P\T J.\SJ.\.}M\
3alaal) A0S0 5 a8l 1) AdLeaY L ASH saliaall alua) ¢ sl (5 s ¢ JSH 5 K0 Caills
oand 2% a8 Guw le ) ALeaYL 4 il 8 st A gdall oy o85S
O Al o2 il <yl adly KN 5 0 S0 e IS b s A D) il ol
Al )l oda A (e W i a5 il bl e (Ao 555 6] anll 5 paally A laledl)
Claidi s Sl aS 5 g 55 (A AYT ) ey (8l aa a8y S ) e adied 45
G S Szl o aag aily Bl ol yeall 5 padll €30S 5 (e 3S 5 JS 50 g sl
Lysll CAST a3l (s st gl ) ) gl 28 landl 3Dle 8¢ yaall 5 ppadll (e dglle
@ ety ol 40 W) apdal) Jaxall Gaa AN iy pudall ) ddLaY L JSH g i oS
adina 3 ddaiiall de ganall g Adadiil) Adlal) 5 jpedlly Alalaal) de ganall (g &y sine OB
8aedll g o) yanll 5yt e IS Alelaall el ol Glld e 5 e W i 5 el
S oalss o) oS Labia g S 5 2SI e JS A (8 Apuia ye ) ja gl Al A3l
maty ¥ Y Slend) Do 8 mitie e jay el yaal) 5 _yaedl) sadil el (Sa 4
Al cle all alasiul

132



