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Abstract | This study aimed to examine the effects of dietary chitosan (CH) and nano-chitosan (NCH) supplementa-
tion as prebiotics on growth performance, carcass characteristics, plasma constituents, antioxidant status and microbial
counts of two lines of Japanese quail. A total of 840 unsexed selected Japanese quail (SJQ) and Japanese quail (JQ)
(one day old) with an average initial body weight of 11.65 +0.03 g and 9.11+ 0.04 g, respectively were used in 10
treatment groups, each group has 3 replicates having 28 quail chicks in each. The experimental groups for each line
were as follows: The 1% group was fed the basal diet and served as the control; the 2™ and 3™ groups were fed the basal
diet supplemented with CH at 50 and 70mg/kg diet; the 4™ and 5™ groups were fed the basal diet supplemented with
NCH at 30 and 50 mg/kg diet. The results showed that SJQ_group had a higher (P<0.0001) live body weight, body
weight gain, feed intake and better feed conversion ratio. The group of SJQ_birds fed diet supplemented with 70 mg
CH had the highest (P<0.05) live body weight. The diet supplemented with 70 mg CH gave the highest plasma total
protein (P<0.05) for SJQ_and JQ_groups. Diets supplemented with 70 mg CH or 50 mg NCH exhibited the highest
albumin level and TAOC (P<0.0001). The lowest cholesterol content (P<0.05) was obtained by SJQ_groups fed diet
supplemented with 70 mg CH or 50 mg NCH and JQ_groups having 70 mg CH or 50 mg NCH. The lowest LDL
cholesterol content (P<0.0001) of plasma was for SJQ fed diet supplemented with 70 mg CH and JQ fed diet supple-
mented with 30 mg NCH. Supplementation of 30 and 50 mg NCH recorded higher (P<0.0001) Lactobacillus count
and the lowest (P<0.0001) E.co/i and Salmonella counts for SJQ and JQ. In conclusion, the dietary supplementation of
CH and NCH in different quail lines diets could be used as an antioxidant and antibacterial additive without causing
any negative effects on growth performance, carcass characteristics and plasma constituents.
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INTRODUCTION

wide variety of feed additives like prebiotics are re-
cently used in poultry diets as better alternative to
antibiotic growth promoters, chitosan is one of those pre-
biotics. Chitosan is a natural bio-polyaminosacharides,

biodegradable and non-toxic biopolymer (Vimal et al.,
2013) derived from alkaline deacetylation of chitin from
shrimp wastes and fungal biomass (Darwesh et al., 2018).
Chitosan has specific bioactivities such as immune-en-
hancing properties and antibacterial activities (Alishahi,
2014). Many of studies have been performed on chitosan
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as poultry feed supplementation. Xu et al. (2013) previ-
ously stated that dietary supplementation of chitosan may
enhance the growth performance of animals. Furthermore,
Hernawan et al. (2017) demonstrated that the addition of
chitosan at 150 ppm/g diet had beneficial impact on reduc-
ing the levels of blood cholesterol and malondialdehyde in
the diet of laying hens at the age of 28 weeks. Also, Anraku
et al. (2018) stated that chitosan has antioxidant proper-
ties so can be used as a powerful source of antioxidant for
broiler chicken. The dietary chitosan oligosaccharides may
be helpful for mitigating the adverse effects of stress on the
gut health of broiler chickens (Osho and Adeola, 2020).
Nano-particles (NPs) are particles which range from one
to 100 nm (Khan et al., 2019). It has been proposed that
NPs could be used as an alternative to chemo-prophylactic
medicines in poultry. To date, various types of NPs have
been studied for feeding, watering or other ways to improve
poultry health for use in the poultry industry (Anwar et al.,
2019). Chitosan nanoparticles may be formulated and used
as a natural antifungal agent (Ing et al., 2012). Several ap-
plications of nano-chitosan as a natural material with ex-
cellent physicochemical properties were conducted for the
improvement of growth performance, immune status and
microflora of commercial poultry birds. Abdeltwab et al.
(2019) reported that nano-chitosan was the most effective
in delaying fungal activity at concentrations between 3.0

and 4.5pg/ml.

As well, Darwesh et al. (2018) used chitosan and na-
no-chitosan at 100 or 200 mg kg/ BW for rats and found
that they had a high level of antimicrobial activity and are
not toxic. The present study was designed to evaluate the
impact of chitosan and nano- chitosan supplementations
as prebiotics on growth performance, carcass characteris-
tics, plasma constituents, antioxidant status and microbial
counts of two different lines of Japanese quail.

MATERIALS AND METHODS

PREPARATION OF CHITOSAN NANOPARTICLES

The nano chitosan (NCH) solution was prepared by us-
ing an jonic gelation method described by Tang et al.
(2007). In brief, 0.5g chitosan was dissolved in 90 ml of
distilled water contains 2 ml acetic acid. Then, 10 ml Sodi-
um tri-polyphosphate (STPP) solution was added drop by
drop wisely into the chitosan beaker at room temperature.
After that, the chitosan solution was magnetically stirred
at room temperature for 45 min in order to obtain chitosan
nanoparticles. These chitosan nanoparticles could be stored
at cold for use.

BIRDS, EXPERIMENTAL DIETS AND
MANAGEMENT

All applicable international, national, and institutional

DESIGN,

Table 1: Composition and calculated analysis of the basal
diet

Ingredients %
Yellow corn (8.5%) 35.00
Soybean meal (44%)0 55.54
Corn gluten meal (62%) 6.50
Dicalcium phosphate 0.80
Limestone 1.35
Salt NaCl 0.35
Vit-min premix' 0.30
DL-Methionine 0.05
L-Lysine 0.11
Total 100
Calculated analysis?

Crude Protein % 24.02
Crude fiber% 3.87
Metabolizable energy, Kcal/kg 2900
Calcium% 0.81
Phosphorous (available)% 0.30
Methionine+Cystine % 0.75
Methionine % 0.50
Lysine% 1.30

leach kg contain Vit. A, 12000.000 IU; Vit. D3, 2000.000 IU;
Vit E,10g; Vit. K2, 1g; Vit. B1, 1g, Vit. B2, 4g, Vit. B6, 1. 5g;
Vit. B12, 10g; Pantathenic acid, 10g; Nicotinic acid, 20g; Folic
acid, 1000 mg; Biotin, 50g; Choline chloride, 500g; Copper, 10g;
ITodine, 1g; Iron, 30g; Manganese, 55g; Zinc, 55g; Selenium, 0.1g.
?Calculated according to NRC (1994).

guidelines for the care and use of animals were followed.
A total of 840 one day old, selected line of Japanese quail
(selected for high live body weight at 30 days of age for
42 generations) and Japanese quails (Coturnix coturnix ja-
ponica) (one day old) with an average initial body weight
at hatch was 11.65 +0.03 g and 9.11+ 0.04 g, respectively
were used in a completely randomized design experiment
with 10 treatment groups. Each group was subdivided into
3 replicates with 28 unsexed chicks each. The basal diet
was formulated to meet SJQ_and JQ _requirements accord-
ing to NRC (1994). The basal diet was supplemented with
chitosan (CH) at 50 and 70 mg/kg diet or nano-chitosan
(NCH) at 30 and 50 mg/kg diet. The experimental groups
were for each line as follows: The 1% group was fed the
basal diet and served as control; the 2" and 3™ groups were
ted the basal diet supplemented with CH at 50 and 70mg;
the 4™ and 5* groups were fed the basal diet supplemented
with NCH at 30 and 50 mg. Composition and calculated
analysis of the basal diet are presented in Table 1.The birds
were housed in a conventional type cage (50 x 30 x 50 cm?)
with feed and fresh water provided ad /ibitum throughout
the experimental period. Birds were maintained in 24h

light period throughout the trial. All chicks were kept un
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Table 2: Least square means of live body weight and body weight gain of two lines of Japanese quail supplemented by

dietary chitosan and nano-chitosan.

Live body weight (g)
Items lday 14Day  35day
Quail’s line effect
SJQ_ 11.65* 113.18*  336.55°
JQ_ 9.11>  68.82" 204.44°
SEM 0.06 1.8 3.1
P-value 0.0001 0.0001  0.0001
Supplementation effect
Control 10.29  90.35 272.42
50 mg CH 10.25  93.02 266.30
70 mg CH 10.45 89.14 275.52
30 mg NCH 10.54  95.25 267.83
50 mg NCH 10.38  87.07 270.40
SEM 0.1 2.84 5
P-value 0.29 0.30 0.7
Quail’s line X Supplementation
SJQ_  Control 11.49*  111.53P 335.64®
50 mg CH 11.45*  109.85° 322.54°
70 mg CH 11.78*  111.40P 346.48%
30mg NCH  11.85* 124.45° 336.32%®
50mg NCH  11.75* 108.60° 341.79*
JQ_ Control 9.17°  69.24¢ 209.21¢
50 mg CH 9.03>  76.55¢ 210.06¢
70 mg CH 9.13 66.73¢ 204.57¢
30mg NCH  9.22°  66.06° 199.34¢
50mg NCH 9.02°  65.53¢ 199.01¢
SEM 0.14 4.0 7.1
P-value 0.04 0.007 0.02

Body weight gain (g)

1-14 day 14-35 day 1-35 day
101.52* 223.37* 324.9
59.70° 135.61° 195.32°
1.8 3.3 3.16
0.0001 0.0001 0.0001
80.06 182.07 262.13
82.95 173.10 256.05
78.67 186.39 265.07
84.71 172.57 257.29
76.65 183.33 260.01
2.8 52 4.9
0.31 0.26 0.71
100.1° 224.2¢ 324.2®
98.3 212.6* 311.6°
99.7 254.9* 334.7
112.6 211.8* 324.5%
96.8" 233.9* 330
60.5° 139.9b 200¢
67.5° 133.5b 201¢
57.6° 137.8b 195.4¢
56.8 133.2% 190¢
56.6° 133.5° 189.9¢
4.1 7.4 7.1
0.008 0.004 0.02

»b< Means within the same column for each main effect with different superscripts are significantly different (P<0.05).

CH: chitosan, NCH: Nano-chitosan, SJQ: selected Japanese quail, JQ: Japanese quail

der the same managerial, hygienic, and environmental con-
ditions. Body weight (BW) and feed intake (FI) of each
group were recorded weekly, and then body weight gain
(BWG) and feed conversion ratio (FCR) were comput-
ed. Dead quails were recorded daily and were expressed as
mortality (%).The trial lasted for 5 weeks.

SLAUGHTER PROCEDURE AND CARCASS TRAITS

At the end of the experimental period (35 days of age),
three fasted birds from each group were randomly taken
for slaughter, fasted for 12 hours, individually weighed and
slaughtered to complete bleeding then liver, heart, gizzard,
were separated then weighed and their relative weights
were calculated as a percentage of live body weight. Car-
casses were manually eviscerated and weighed.

B10CHEMICAL ANALYSIS

Blood samples were collected during slaughtering using
3 quail from each group. Plasma was separated by cen-
trifugation at 5,000 rpm (3,354 g force) for 15 min and
stored at -20°C until biochemical analysis. Plasma total
protein, albumin, total cholesterol, Low Density Lipo-
protein (LDL-cholesterol), High Density Lipoprotein
(HDL-cholesterol), Triglycerides, total antioxidant capac-
ity (TAOC) and Catalase (CAT) were colorimetrically de-
termined using commercial kits (purchased from Bio-Di-
agnostic, Cairo, Egypt), according to the manufacturers’
guidelines. Plasma total protein was determined according
to Orsonneau et al. (1989). Albumin was determined ac-
cording to the method of Doumas et al. (1971). Plasma
globulin concentration was calculated by the difterence
between plasma total protein and albumin, and then the
albumin/globulin ratio was calculated. Plasma cholesterol,
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Table 3: Least square means of feed intake, FCR and mortality of two lines of Japanese quail supplemented by dietary

chitosan and nano-chitosan.

Feed intake (g/bird) FCR(g feed/g gain) Mortality (%)
Items 1-14day 14-35day 1-35day 1-14day 14-35day 1-35day 1-14day 14-35day 1-35day
Quail’s line effect
SJQ_ 192.39* 550.3¢ 742.7° 1.90° 2.46° 2.29° 52 6.1 10.9
JQ. 121.45° 373.1° 494.5>  2.06° 2.77 2.54° 5.0 8.6 10.7
SEM 2.2 11.4 12.1 0.05 0.09 0.06 1.16 2.0 2.4
P-value 0.0001 0.0001 0.0001  0.05 0.03 0.01 0.8 0.4 0.9
Supplementation effect
Control 157.00 457.14 614.14  1.96 2.52 2.35 3.5 5.5 8.9
50 mg CH 161.20 440.59 601.79  1.96 2.57 2.35 3.5 4.7 8.2
70 mg CH 160.27 464.65 624.95  2.07 2,51 2.38 4.7 4.5 9.2
30 mg NCH 153.45 463.09 616.48  1.88 2.75 2.46 4.9 4.7 9.6
50 mg NCH 152.67 483.09 635.77  2.01 2.73 2.51 3.7 5.3 9.0
SEM 3.6 18.2 19.1 0.008 0.15 0.10 1.8 3.2 3.9
P-value 0.35 0.5 0.7 0.6 0.6 0.7 0.4 0.5 0.7
Quail’s line X Supplementation
SJQ_  Control 194.0* 552.9 746.9 1.93® 2.5 2.30% 4.7 4.9 9.5
50mg CH 196.5 530.6* 727.2° 2.0° 2.5 2.34% 4.5 4.7 9.2
70 mg CH 193.4° 571.4 764.8 1.93® 2.4 2.28® 4.7 4.8 9.5
30 mg 189.0* 524.2 713.2 1.69° 2.4 2.19° 4.7 3.8 8.3
NCH
50 mg 188.9 572.2 761.1° 1.95® 2.4 2.30% 4.9 4.1 9.0
NCH
JQ. Control 119.9® 361.3° 481.3° 1.99® 2.6 2.40° 4.3 52 9.5
50mg CH 125.8 350.4° 476.3° 1.93® 2.6 2.37® 4.5 4.7 9.2
70 mg CH 127.1° 379.9° 485.1° 2.2? 2.6 2.59% 4.3 55 9.8
30 mg 117.8 401.8° 519.6° 2.1? 3.0 2.73¢ 3.5 55 9.0
NCH
50 mg 116.4° 393.9° 510.3° 2.1 3.0 2.72 4.5 4.5 9.0
NCH
SEM 5.1 25.6 26.9 0.11 0.22 0.14 2.6 4.6 0.5
P-value 0.009 0.005 0.005 0.003 0.006 0.003 0.5 0.4 0.5

»b< Means within the same column for each main effect with different superscripts are significantly different (P<0.05).

CH: chitosan, NCH: Nano-chitosan, SJQ: selected Japanese quail, JQ: Japanese quail

LDL- and HDL-cholesterol were determined according
to the method of Lopez-Virella et al. (1977). Triglycerides
were determined according to Wahlefeld (1974). Plasma
Total antioxidant capacity (T-AOC) was determined ac-
cording to Koracevic et al. (2001) and catalase (CAT) ac-
tivity was measured according to Aebi (1984).

MICROBIOLOGICAL DETERMINATION

'The contents of the gastrointestinal tract of each bird were
collected and stored in the freezer at —-4°C. The cultures
were prepared. The ileal contents from the gut were seri-
ally diluted. From the prepared intestinal content, 0.1 ml
was inoculated in suitable medium and then incubated in

aerobic and anaerobic conditions. Each sample was seri-
ally diluted from 10 to 10°. Dilutions were subsequently
plated on duplicate selective agar media for enumeration
of selective bacteria (Lactobacillus, E.coli and Salmonella)
using MRS agar, Mackonkey and Salmonella Shigella agar
(SS agar), respectively. The plates were then incubated at
37°C for 48 to 72 h aerobically and colonies were count-
ed. Results were expressed as log, colony-forming units
per gram of ileum digesta (log,, CFU/g) (Hartemink and
Rombouts, 1999).

STATISTICAL ANALYSIS
The obtained data was subjected to two-way analysis of
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Table 4: Effect of dietary chitosan and nano-chitosan supplementation on carcass traits of two lines of Japanese quails.

Items Carcass weight (g) Carcass%
Quail’s line effect
SJQ. 246.86° 69.67
1Q 151.30° 70.04
SEM 411 2.4
P-value 0.0001 0.9146
Supplementation effect
Control 192.20% 69.8
50 mg CH 211.83* 70.9
70 mg CH 185.83P 66.4
30 mg NCH 198.58* 69.2
50 mg NCH 206.66* 72.8
SEM 9.67 3.80
P-value 0.0001 0.8262
Quail’s line X Supplementation
SJQ_  Control 237.66* 68.97
50 mg CH 243.67* 70.24
70 mg CH 242.33¢ 69.76
30 mg NCH 251.00° 69.89
50 mg NCH 259.67* 69.49
JQ_  Control 147.33b 70.71
50 mg CH 180.00° 71.65
70 mg CH 129.33¢ 63.18
30 mg NCH 146.17b 68.54
50 mg NCH 153.67b 69.49
SEM 9.19 5.40
P-value 0.049 0.8078

Liver%  Heart%  Gizzard%  Total edible parts%’
2.65 0.97 2.61° 75.01
2.72 0.99 2.24b 76.91
0.13 0.05 0.08 2.50
0.7001 0.8351 0.0088 0.9788
2.72 1.1 2.29 75.95
2.66 0.99 2.37 76.98
2.82 0.91 2.62 72.83
2.66 0.85 2.26 74.98
2.59 1.1 2.61 79.06
0.21 0.08 0.14 3.90
0.9448 0.2244 0.2 0.8492
2.77 0.93® 2.62® 75.29
2.35 0.92® 2.43ube 75.95
2.54 1.05% 2.77% 76.13
2.86 0.86° 2.30%e 75.91
2.73 1.12% 2.92 76.27
2.66 1.28° 1.95b 76.61
2.96 1.08® 2.3]%e 78.00
3.1 0.76° 2.46%¢ 69.52
2.46 0.85° 2.21"e 74.05
2.43 0.99® 2.30%e 81.85
0.29 0.11 0.19 5.60
0.2921 0.0498 0.004 0.8535

»b< Means within the same column for each main effect with different superscripts are significantly different (P<0.05).
CH: chitosan, NCH: Nano-chitosan, SJQ: selected Japanese quail, JQ: Japanese quail
"Total edible parts%= (Carcass%+Giblets%); Giblets%= (Liver%+Gizzard%+Heart%)

variance to detect the effects of quail’s line (L), supplemen-
tation (S) and the interaction (L*S) using a completely
randomized design with General Linear Model (GLM)
procedures of XIstat (2014). All data are reported as least
square means (LSM) + standard errors (SE). Differences
between values were separated, when significance existed,
using Duncan’s multiple range test (Duncan, 1955). Sig-
nificance level was set at 5%. All results were analyzed us-
ing the following statistical model was as follows:

Y, = p+ L+ S+LS +e, Where: Y, = the k™ observation of
j™ treatment within the i* line; p = the overall mean; L=
The effect of the i line; S.= The effect of the j* supplemen-
tation; LSij= 'The interaction between the i line and the j*
supplementation and eij= Experimental random error.

RESULTS

GROWTH PERFORMANCE

The effect of dietary CH and NCH supplementations on
the growth performance of two different lines of quail is
presented in Table 2 and 3. The obtained results revealed
that SJQ_group had a significant increase (P<0.05) in BW,
BWG and FI compared to the JQ _group at all experimen-
tal periods. Moreover, the SJQ_recorded the best (P<0.05)
FCR compared to the JQ_at all experimental periods.
Concerning the dietary supplementation effect, there were
insignificant differences between the different dietary sup-
plementation of CH at levels of 50 or 70 mg and NCH at
levels of 30 or 50 mg in BW, BWG, FI and FCR. In regard
to the interaction effect between the quail’s line and dietary
supplementation, the group of SJQ fed diet supplemented
with 70 mg CH had higher (P<0.05) live body weight than
the group of SJQ fed diet contained 50 mg CH, the group
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of JQ_birds fed diets supplemented with CH at 50 or 70
mg, those having NCH at 30 or 50 mg and the control
group of JQ at 35 days of age (Table 2).

It could be observed that the SJQ_fed the basal diet and

diets supplemented with 50 or 70 mg CH and 30 or 50mg

NCH achieved higher (P<0.05) feed intake than the cor-

responding treatments of JQ_at all tested levels. The SJQ_
ted diet supplemented with 30 mg NCH significantly im-

proved FCR compared to the JQ_fed the control diet and

diets supplemented with 30 or 50 mg NCH during the

whole periods. Regarding mortality%; the investigated fac-

tors did not change mortality% (Table 3).

CARCASS CHARACTERISTICS

The effect of CH and NCH addition to the quail diets on
the carcass characteristics is shown in Table 4. The pres-
ent results indicated that the carcass weight significantly
affected by quail’s line and the SJQ_group recorded high-
er (P<0.05) carcass weight than the JQ_group. The dietary
supplementation of 50 mg CH and 50 mg NCH increased
(P<0.05) the carcass weight compared to 70 mg CH sup-
plementation. Moreover, the groups of SJQ_fed diets sup-
plemented with CH and NCH at tested levels and the
control group had higher (P<0.05) carcass weight than the
SJ groups fed CH and NCH and the control diet. Other-
wise, carcass %, liver %, Heart % and total edible parts%
did not significantly differ among the experimental groups
as a result of the effect of quail’s line and dietary supple-
mentation of CH and NCH. However, the SJQ _exhibited
better (P<0.05) gizzard% than the JQ. With regard to the
interaction, SJQ_birds fed diet supplemented with 50 mg
NCH increased gizzard% compared to the JQ _fed the ba-
sal diet and diet supplemented with 30 mg NCH. On the
other hand, the SJQ_fed diet contained 30mg NCH and
the JQ_fed diet supplemented with 70 mg CH and 30 mg
NCH tended to be lower (P<0.05) in heart% than the JQ_
fed the control diet. Total edible parts% was not signifi-
cantly influenced by the interaction effect.

P1.ASMA BIOCHEMICAL CONSTITUENTS

Table 5 shows data of plasma biochemical constituents. It
is clear to notice that there was no effect of quail’s line on
plasma total protein, globulin, A/G ratio and total cho-
lesterol concentrations. As well as, the SJQ_had higher
(P<0.05) plasma albumin, triglycerides and HDL levels
than JQ_group. On the other hand, SJQ_tended to be lower
(P<0.05) in LDL level than the JQ_group. Concerning the
supplementation effect, quail fed diet supplemented with
CH at level of 70 mg had higher (P<0.05) plasma total
protein and albumin levels than the other experimental
groups. The highest A/G ratio and plasma HDL concen-
trations were recorded for quail received diet supplement-

ed with 50 mg NCH/kg. On the other hand, plasma total

cholesterol and LDL concentrations were significantly re-
duced (P<0.05) with dietary addition of CH and NCH
compared to the control group. The dietary supplementa-
tion of CH and NCH had no significant impact on plasma
triglycerides levels. While, supplementation of 70 mg CH,
30 or 50 mg NCH increased (P<0.05) HDL concentration
compared to the control and 50 mg CH groups.

The interaction between the quail’s line and dietary sup-
plementations significantly (P<0.05) affect all the plasma
constituents. Moreover, SJQ_group fed diet contained 70
mg CH increased (P<0.05) total protein concentration.
In contrast, SJQ_group fed the basal diet, 50 mg CH, JQ_
ted diet including 50 mg CH and 50 mg NCH decreased
(P<0.05) total protein compared to the other groups. As
well as, dietary supplementation of CH and NCH in-
creased (P<0.05) albumin level compared to the control
groups of SJQ_and JQ. The JQ_fed the control diet was
the highest (P<0.05) in globulin level. While, the JQ_fed
diet supplemented with 50mg NCH recorded the lowest

(P<0.05) value of globulin concentration.

In regard of the interaction effect on lipids profile, plas-
ma LDL levels were decreased (P<0.05) with dietary sup-
plementation of CH and NCH for SJQ_and JQ_groups.
However, the group of JQ_fed the control diet had the
highest (P<0.05) LDL level compared to the other tested
group. Further, dietary supplementation of CH and NCH
reduced (P<0.05) plasma total cholesterol. An opposite ef-
tect was noticed with the group of SJQ_fed the basal and
50 mg CH diets whereas, the levels of total cholesterol
were significantly (P<0.05) increased. Additionally, JQ_
group fed diets supplemented with 50 or 70 mg CH, 30 or
50 mg NCH had lower (P<0.05) triglycerides and higher
(P<0.05) HDL levels.

ANTIOXIDANT STATUS AND INTESTINAL MICROFLORA
POPULATION

As shown in Table 6, significant increase in TAOC and
catalase levels were observed in the group of JQ_compared
to the SJQ_group. The supplementation level of CH and
NCH had significant (P<0.05) effect on TAOC and cat-
alase levels. It is clear to notice that CH at level of 70mg
recorded higher (P<0.05) TAOC followed by NCH 50 mg
and the control group was significantly the lowest. While,
the dietary supplementation of 70 mg CH recorded the
highest (P<0.05) catalase level, on the other hand, the con-
trol group had the lowest (P<0.05) catalase level. Concern-
ing the interaction effect, the groups of SJQ_fed diets sup-
plemented with 70 mg CH and 50 mg NCH had higher
(P<0.05) TAOC than the other tested groups. However,
the group of SJQ _fed diets included 70 mg CH achieved
higher (P<0.05) catalase activity. In contrast, the control
group of both SJQ_and JQ recorded the lowest (P<0.05)
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Table 5: Effect of dietary chitosan and nano-chitosan supplementation on plasma constituents of two lines of Japanese

quail.
Items Protein profile Lipid profile
Total Albumin  Globulin A/G Total Triglycerides LDL HDL
protein (g/dD) (g/dD) ratio Cholesterol (mg/dl) (mg/dl) (mg/
(g/dD) (mg/dl) dl)
Quail’s line effect
SJQ_ 6.17 3.61* 2.56 1.42 181.70 90.91* 74.38 90.13*
JQ_ 6.16 3.57° 2.59 1.40 180.12 79.79° 88.16°  75.93°
SEM 0.02 0.01 0.02 0.01 1.12 1.49 0.19 1.60
P-value 0.6662 0.0047 0.4039 0.2663 0.3321 0.0001 0.000 0.0001
Supplementation level effect
Control (zero level) 6.07° 3.194 2.87° 1.12¢ 198.79* 84.95 94,53  77.28"
50 mg CH 5.94¢ 3.39¢ 2.55¢ 1.33¢ 195.97° 86.50 89.85>  77.89
70 mg CH 6.53° 3.83¢ 2.70b 1.42¢ 172.21° 87.28 70.74c  83.86*
30 mg NCH 6.16° 3.72° 2.444 1.53b 170.71P 84.43 72.83¢4 86.65°
50 mg NCH 6.13P 3.82% 2.31¢ 1.66* 166.87° 83.60 78.40¢ 89.442
SEM 0.03 0.01 0.04 0.02 1.78 2.42 0.30 2.01
P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.8150 0.0001  0.0012
Quail’s line X Supplementation
SJQ_  Control 5.95¢ 3.22¢ 2.73b 1.188 202.74 96.85° 91.66*  68.03¢
50 mg CH 6.01% 3.41¢ 2.60b 1.63%® 198.42% 91.63® 88.93¢  68.03¢
70 mg CH 6.57° 3.84¢ 2.73b 1.41% 167.09¢ 86.46% 54.35¢  77.56°
30mg NCH  6.16> 3.76° 2.40% 1.57b 173.18< 91.50® 68.77¢ 82.13b
50mg NCH 6.17® 3.832 2.34de 1.64® 167.07¢ 88.10%¢ 68.21f 83.44b¢
JQ_  Control 6.19% 3.18¢ 3.01* 1.06" 194.83P 86.46%¢ 97.39° 86.54»
50 mg CH 5.87¢ 3.36¢ 2.50 1.35¢ 193.52° 81.36 90.76" 87.31%®
70 mg CH 6.50? 3.82% 2.68° 1.43% 177.33¢ 73.05¢ 87.13¢  90.17®
30mg NCH  6.16™ 3.68° 2.48 1.49 168.254 77.36% 76.90¢ 91.18®
50 mg NCH  6.08" 3.81% 2.27¢ 1.68 166.67¢ 79.10¢ 88.59¢ 95.45°
SEM 0.05 0.02 0.05 0.03 2.51 2.96 0.42 2.84
P-value 0.032 0.043 0.007 0.028 0.015 0.0281 0.0001 0.378

»b< Means within the same column for each main effect with different superscripts are significantly different (P<0.05).
CH: chitosan, NCH: Nano-chitosan, SJQ: selected Japanese quail, JQ: Japanese quail, LDL: low density lipoprotein (LDL-
cholesterol), HDL: high density lipoprotein (HDL-cholesterol), A/G ratio: albumin/globulin ratio

catalase activity.

Regarding the intestinal microflora population, the quail’s
line had no significant effect on intestinal microflora of
quails. On the other hand, the supplementation affected
positively intestinal microflora. The supplementation of
NCH at levels of 30 and 50 mg were the highest (P<0.05)
in Lactobacillus bacteria count, while, the control group was
the lowest (P<0.05) one. Conversely, the addition of CH
and NCH significantly decreased the counts of E.co/i and
Salmonella compared to the control group. Concerning the

interaction effect, It is noteworthy that the groups of SJQ_
and JQ_fed the control diet had the lowest (P<0.05) count

of Lactobacillus. Meanwhile, SJQ_and JQ_fed diets sup-
plemented with 30 or 50 mg NCH recorded the highest
(P<0.05) Lactobacillus count. However, the groups of SJQ_
and JQ fed diets supplemented with CH and NCH tended
to decrease (P<0.05) the counts of E.co/i and Salmonella
compared to the control groups.

DISCUSSION

In the current study, SJQ_group had an improving effect
(P<0.05) on BW and BWG. 'This improvement may be

due to the strain characteristics such as the profile of gen
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Table 6: Effect of dietary chitosan and nano-chitosan supplementations on antioxidant status and intestinal microflora

population of two lines of Japanese quail.

Antioxidative status Intestinal microflora
Items TAOC Catalase  Lactobacillus  E.coli  Salmonella
(mM /L) (U/ml)
Quail’s line effect
SJQ. 4.65" 0.72° 6.52 872 833
JQ_ 4.68* 0.74 6.50 8.71 9.12
SEM 0.003 0.002 0.05 0.045 0.014
P-value 0.0001 0.0001 0.7825 0.9258 0.9745
Supplementation level effect
Control (zero level) 4.58¢ 0.46¢ 5.18¢ 9.142 9.12¢
50 mg CH 4.64¢ 0.714 6.22¢ 8.82° 8.47°
70 mg CH 4,720 0.88° 6.65° 8.72° 8.22¢
30 mg NCH 4.67° 0.81° 7.27¢ 8.30¢ 7.98¢
50 mg NCH 4.71° 0.79¢ 7.23* 8.62P 7.87¢
SEM 0.004 0.003 0.08 0.07 0.02
P-value 0.0001 0.0001 0.0001 0.0001 0.0001
Quail’s line X Supplementation
SJQ_ Control 4.51f 0.48¢ 5.20f 9.15° 9.10°
50 mg CH 4.60° 0.54f 6.30% 8.92® 843P
70 mg CH 4.73* 0.89° 6.80 8.620  8.24¢
30 mg NCH 4.67 0.87¢ 7.13% 8.40%¢  8.02¢
50 mg NCH 4,73 0.83¢ 7.17° 8.52¢  7.86°
1Q Control 4,66 0.45" 5.17* 9.13*  9.13
50 mg CH 4.68 0.88* 6.13¢ 8.71%¢  8.50P
70 mg CH 4.70P 0.87¢ 6.50¢ 8.81  8.20¢
30 mg NCH 4.66% 0.75¢ 7.40° 8.20¢ 7.94d
50 mg NCH 4.70P 0.76¢ 7.30° 8.72bd  7.87¢
SEM 0.006 0.005 0.11 0.10 0.03
P-value 0.0001 0.0001 0.0001 0.0001 0.0001

»b< Means within the same column for each main effect with different superscripts are significantly different (P<0.05).

CH: chitosan, NCH: Nano-chitosan, SJQ: selected Japanese quail, JQ: Japanese quail, TAOC: total antioxidant capacity

otype of SJQ_because the selection for growth was very
effective on increasing overall body weight at a specific age
(Mahmoud et al., 2019). The dietary supplementation of

CH and NCH with SJQ_increased (P<0.05) BWG com-
pared to JQ. The results agreed herein with Suk (2004)
who suggested that genetic interaction factors with sup-
plementation of chitosan may affect growth performance
and feed conversion ratio of broiler chickens. As well as,
Osho and Adeola (2019) stated that the basal diet supple-
mented with 1.0 g chitosan/kg of feed for broiler chick-
ens improved body weight gain. Besides, Nuengjamnong
and Angkanaporn, (2018) showed that the addition of 2
g chitosan/kg diet tended to enhance FCR of broiler diet.
Furthermore, Shi et al. (2005) demonstrated that broiler

chickens fed diet supplemented with either 0.5 or 1.0 g
chitosan /kg diet tended to have better growth and FCR.
Conversely, Razdan and Pettersson (1994) observed that
teeding broiler chickens diets containing chitosan at an
inclusion level of 30 g/kg lowered body weights and daily
teed intake which resulted in poorer feed conversion com-
pared with the basal diet.

Growth performance enhancement in quail fed diets sup-
plemented with either CH or NCH may be attributed to
an important role for CH in controlling intestinal micro-
flora including improving digestion and absorption of pro-

tein (Shi et al., 2005). Moreover, Osho and Adeola (2020)
suggested that dietary supplementation of chitosan could
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be used to enhance the negative impact of stress on broiler
chickens’ intestinal health. In addition, chitosan could be
used as an efficient alternative to antibiotics in broiler diets
with an improvement of gut function and microbial pop-
ulations (Nuengjamnong and Angkanaporn, 2018). Chi-
tosan has been a new growth promoter for farm animals
(Zaki et al., 2015), it can stimulate the secretion of diges-
tive enzymes from stomach, pancreas, and intestinal walls
(Hou and Gao, 2001). Ravi et al. (2018) suggested that
using dietary chitosan could improve the overall growth of
animals, enhance nutrients absorption and feed efficiency,
possess immune response, antioxidant effect, antimicrobial
activity and improves gut microflora. The positive effects of
chitosan on the gut health may be related to its antimicro-
bial activity against pathogenic microorganisms particu-
larly the gram-negative bacteria like E. co/i because chi-
tosan interacts electrostatically with wall and membrane of
bacterial cell (Kong et al., 2010). In addition, Darwesh et
al. (2018) concluded that shrimp and Rhizopus stolonife
chitosan and nano-chitosan had strongly antimicrobial ac-
tivity and were not harmful in the same time, and they
could be used as feed ingredients. It has been shown that
applications of nanotechnologies and incorporation of na-
no-particles into poultry feeds are growing because they
improved feed quality and availability of nutrients and
elimination of pathogens (Amenta et al., 2015). Further-
more, nanotechnology had an ability to minimize microbi-
al populations without creating drug residues in products
of poultry, thereby enhancing the growth performance and
immune response of poultry (Anwar et al., 2019).

The effect of dietary supplementations of CH at levels of
50 or 70 mg and NCH at levels of 30 or 50 mg did not have
any impact on BW, BWG, FI and FCR. This result is con-
sistent with finding of Keser et al. (2011) who found that
chitosan supplementation to broiler chickens diets did not
affect growth performance. Similarly, Huang et al. (2005)
reported that 50 or 150 mg/kg chitosan supplementation
to broiler diet did not show a significant effect on body
weight, weight gain and feed intake at the overall period of
the experiment. In another side of view, there are reports
that CH supplementation to broilers diet improved growth
performance (Li et al., 2007; Zhou et al., 2009; Pramujo et
al., 2019). The contemporary findings related to mortality
% are reliable with the observations of Razdan and Pet-
tersson (1996) who suggested that mortality was not varied
by dietary CH supplementation. Conversely, Pramujo et al.
(2019) reported that broiler fed diet supplemented with
100 mg CH/ kg diet reduced mortality%.

Concerning carcass characteristics, the group of SJQ_
seemed to increase (P<0.05) the carcass weight compared
to the group of JQ. This increase may be attributed to the
genotype of SJQ_which is selected for the high live body

weight (Mahmoud et al., 2019). The effect of quail’s line
and dietary supplementation of CH and NCH had no sig-
nificant effect on dressing %, liver %, Heart % and total
edible parts%. The findings of carcass characteristics are in
line with other results revealed that no significant effects
of chitosan supplementation were detected on slaughter
body weight, carcass weight, carcass ratio, heart, spleen and
gizzard ratio to carcass weight of broiler chickens (Arslan
and Tufan, 2018). Additionally, Miao et al. (2020) report-
ed that dietary chitosan did not have significant influence
on the dressing percentage, eviscerated carcass percentage
and halt-eviscerated carcass percentage in growing Huoy-
an geese. Besides, Lokman et al. (2019) noted that the di-
etary addition of chitosan had no impact on the carcass
and organ characteristics of broiler chickens. However, the
percentage dressed weight was lowest at 0.5 g/kg each of
shrimp chitosan. Moreover, Tufan et al. (2015) evaluat-
ed the effect of chitosan addition at levels of either 75 or
150 mg/kg to the Japanese quail diets on carcass traits and
found that carcass weight, carcass, heart, liver and gizzard
percentages did not differ among the tested groups. How-
ever, the present findings are disagreed with those reported
by Tufan and Arslan (2012) who observed that 50 or 100
mg/kg of chitosan added to the broiler chickens diet in-
creased the carcass ratio, leg and wing ratio and decreased
the liver ratio. In this direction, Zhou et al. (2009) found
that the addition of 14 or 28 g/kg of chitosan to broil-
er chicken diets improved the weight of liver but did not
affect the breast meat ratio. Furthermore, Pramujo et al.
(2019) demonstrated that broiler fed diet contained 100
mg chitosan/kg diet had increased (P<0.05) carcass weight

(g)-

Dietary supplementation of 70 mg CH increased (P<0.05)
plasma total protein and albumin levels which may be relat-
ed to an improvement of body protein anabolism in quail.
The plasma total protein concentration usually reflects the
protein metabolism and immunity function situation at iz
vivo condition (Li et al., 2007). In this direction, Arslan
and Tufan (2018) reported that broiler chickens fed diet
supplemented with 100 mg chitosan did not change serum
total protein and albumin concentrations. Also, Zhou et al.
(2009) found that dietary supplementation of chitosan at
level of 14 and 28 g in broiler chickens diets had no effect
on the serum total protein, albumin. In the present study,
the dietary supplementation of CH and NCH signifi-
cantly lowered the plasma total cholesterol and LDL con-
centrations owing to the effect of CH supplementation.
Besides, chitosan appears to lower cholesterol through re-
duced cholesterol absorption (Gallaher et al., 2000). Also
chitosan has been shown to reduce digestibility of ileal fat
in broiler chickens (Razdan and Pettersson, 1996). In ad-
dition, it is possible that the cholesterol-lowering effect of
chitosan can be caused by a rise in the intestinal viscosity
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of its contents which is strongly associated with decreased
plasma and liver cholesterol (Gallaher et al., 1993). Han
et al. (1999) stated that chitosan inhibits pancreatic lipase
activity that may reduce the plasma cholesterol. Likewise,
Zong et al. (2012) reported that chitosan stimulated the
hepatic LDL-R expression in mice and led to reduce LDL
cholesterol. On the contrary, Zhou et al. (2009) and Nu-
engjamnong and Angkanaporn (2018) found that dietary
supplementation with chito-oligosaccharide or chitosan
in broilers did not influence plasma cholesterol and LDL
concentrations.

In the current study, the dietary supplementation of CH
and NCH had no impact on triglycerides level. In agree-
ment with other results reported by Yao and Chian (2002)
who demonstrated that no significant difference in plas-
ma triglycerides level was observed when rats fed diet
contained 7% chitosan and suggested that chitosan may
play an important role in the regulation of lipoprotein me-
tabolism in rats. Also, Nuengjamnong and Angkanaporn
(2018)reported that there was no influence on serum tri-
glycerides level with chitosan supplementation at level of 1
and 2 g/kg diet in broilers. Conversely, Zhou et al. (2009)
found that triglycerides level of birds fed diet contained
0.2% chitosan was lowered by 10.7% than that of birds fed
the basal diet. From the interaction point of view, the con-
centration of plasma triglycerides decreased in response to
treatment with CH an NCH for JQ group because triglyc-
erides are secreted by triglyceride-rich lipoproteins from
the liver into the blood therefore, impaired hepatic lipo-
genesis which resulting in decreased triglycerides concen-
trations in plasma (Zhou et al., 2009).

Regarding HDL level, the supplementation of 70 mg CH,
30 mg NCH and 50 mg NCH caused significant increase
(P<0.05) in HDL concentration. These results were con-
sistent with Chiu et al. (2020) who postulated that rats fed
high-fat diet contained 5% of high, low molecular weight
chitosan and oligosaccharide for 8 weeks elevated the ratio
of TC/HDL-C plasma and confirmed that 5% chitosan
and its derivatives effectively exert the mitigation of the
imbalance of circulated cholesterol and lipoprotein levels in
HF diet-fed rats. Further, Zhou et al. (2009) observed that
0.4% chitosan addition in broiler diet resulted in greater
(P<0.05) HDL level by 27.5%. Therefore, these results are
consistent with our present results which suggested that
CH and NCH have significant potential for cholesterol
lowering properties. The present findings were confirmed
by those of Xia et al. (2011) who stated that chitosan had
hypocholesterolemic properties. As well as chitosan as na-
no-particles can easily transported via the gastrointestinal
tract into the blood stream with increased bioavailability
(Gopi et al.,, 2017). Thus, our results suggested that both

CH and NCH are more effective in decreasing cholesterol

absorption, interfering with bile acid absorption and they
should be explored further as a means to reduce intestinal
fat absorption. On the other hand, the degree of deacetyl-
ation and the amount of dietary chitosan ingested are the
two main factors that may affect the plasma lipids and pro-
tein profile (Yao and Chian, 2002).

As observed in the present study, CH and NCH supple-
mentation enhanced the antioxidative status of quail and
increased the activity of catalase as an antioxidant enzyme
which is representative enzymatic antioxidants in poul-
try. This might be due to the reaction of chitosan or na-
no-chtiosan with free radicals due to the active hydroxyl
and amino groups present on their chains. The hydroxyl
and amino group in chitosan can be used as hydrogen
donors to the proxy radicals and react with unstable free
radicals, hence protecting cells from damage (Fenga et
al., 2008). The present results are in harmony with those
reported by Osho and Adeola (2020) who suggested that
chitosan might contribute to the improvement of antioxi-
dative functions when broiler fed diet supplemented with
2 g chitosan/ kg diet. Furthermore, it has been document-
ed that dietary chitosan improved the anti-oxidative status
and mitigate stress (Fenga et al., 2008; Swiatkiewicz et al.,
2015). A well-known function of the antioxidative systems
is its capacity of inhibiting the reactive oxygen species,
which consists of an enzymatic system and non-enzymatic
antioxidants. The enzyme defense system consists of SOD,
CAT, and GPx. Hydrogen peroxide is reduced to oxygen
and water by catalase enzyme (Ahmad et al., 2012). In
contrast to the present study, Darwesh et al. (2018) specu-
lated that adding either chitosan or nano-chitosan in rats
diets at 100 and 200 mg kg™ body weight showed no sig-
nificant effects in antioxidant enzymes such as CAT, TAC.
As observed in the current study, it is worthy to note that
NCH at level of 70 mg recorded higher (P<0.05) TAOC
tollowed by NCH 50 mg and the control group was the
lowest (P<0.05) one. This effect may be linked to that the
addition of nanoparticles to the feed that enables better
absorption of nutrients because the nano scale particles of-
fer a very larger surface (Gangadoo et al., 2016). As well as,
nanoparticles have the ability to transport various compo-
nents under environmental conditions (Gopi et al., 2017).
Finally, these results clearly showed that CH and NCH
improved the antioxidative status expressed by TAOC and
the activity of catalase enzyme.

Regarding the microflora, the dietary CH and NCH sup-
plementation reduced the pathogenic bacteria such as E.
coli, Salmonella sp. and promoted the count of Lactobacillus
as beneficial bacteria. It is well known that Lactobacillus in-
dex is an indicator of healthy gut. Such results agreed with
the findings obtained by Nuengjamnong and Angkanap-
orn (2018) who mentioned that broilers fed diet included
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chitosan at level of 1 and 2 g/kg diet improved the gut
microflora such as Bacillus sp. numbers, while, the popula-
tion of E.coli reduced (P<0.001), so, this may enhance the
gut function. Also, Tufan et al. (2015) reported that the
concentration of E. co/i was significantly lower when quail
fed diet contained 150mg chitosan oligosaccharides /kg
diet compared to the quail fed the basal diet. Additionally,
Simunek et al. (2006) reported the dietary addition of 75
or 150 mg/kg of chitosan decreased the intestinal patho-
gen microorganism populations (E. co/i). Likewise, Li et
al. (2007) found that the addition of 100 mg chitosan to
broiler chicken diets reduced the cecal E. co/i count. Sev-
eral studies showed that dietary chitosan supplementation
increased Lactobacillus population and inhibited the counts
of E.coli in the guts of poultry (Spring et al., 2000; Xu et
al., 2013; Tufan et al., 2015). On the contrary, Tufan et al.,
(2015) demonstrated that chitosan oligosaccharides addi-
tion to quail diets at levels of 75 or 150 mg/kg diet resulted
in decreasing Lactobacillus spp. compared to the control
group. The chitosan is considered to be a bacteriocidal that
can kill the live bacteria or bacteriostatic that means it may
prohibit the growth of bacteria but does not kill the bac-
teria (Goy et al., 2009). In this respect, one of the mech-
anisms for the chitosan as antimicrobial potential is the
binding of chitosan with microbial DNA, which activate
the inhibition of the mRNA and protein synthesis through
the penetration of chitosan into the microorganism’s nuclei
(Sebti et al., 2005). The present findings are confirmed by
those of Shaltout et al. (2019) who stated that NCH ex-
hibited higher antimicrobial activity than CH.

CONCLUSION

It can be concluded that the dietary supplementations of
chitosan and nano-chitosan supplementations in select-
ed lines of Japanese quail diets are helpful in improving
antioxidative status, lowering the plasma cholesterol, de-
creased gut population of pathogenic microorganisms such
as E.coli and Salmonella and increased Lactobacillus bacteria
count. Furthermore, chitosan and nano-chitosan supple-
mentation’s interaction with genotype can also positively
affect growth, carcass characteristics and plasma constitu-
ents of quail.
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