Dietary citric acid enhances growth performance, nutrient digestibility,
intestinal microbiota, antioxidant status, and immunity of Japanese quails
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ABSTRACT A total of 300 un-sexed Japanese quail
chicks (1-wk-old) were randomly allotted to 5 experi-
mental groups to study the effect of citric acid (CA) on
performance development, carcass estimates, blood
measurements, antioxidant and immune measurements,
digestive enzymes, and cecum microbiology traits of
growing Japanese quail. The chicks were fed a basal diet
supplemented with CA (5, 10, 15, and 20 g/kg in diet)
had significantly (P < 0.05) greater live body weights at
3 and 5 wk of age and increased weight gain across all
experimental periods (1—3, 3—5 and 1—5 wks of age)
compared to the control group. No significant difference
was found in any of the measured carcass traits. The
digestion coefficients of crude protein, ether extract,
crude fiber, and nitrogen free extract as well as

metabolizable energy significantly improved (P < 0.05)
in all treatment groups compared to the control. CA
supplementation from 10 to 20 g/kg had increased diges-
tive enzyme activities (amylase and lipase). All treat-
ment groups had higher (P < 0.05) albumin and
globulin concentrations than the control group. A signif-
icant (P < 0.05) decrease in phosphorus (P) concentra-
tions in the plasma was observed in all treatment
groups. The IgG levels were greater (P < 0.05) in the 5
or 10 g/kg groups than the control group. Chicks fed CA
at different levels had significantly decreased caecal con-
tent of TBC, coliform, E. coli, and Salmonella. We con-
cluded that the inclusion of CA (especially 10 g/kg diet)
in growing Japanese quail diets improved growth perfor-
mance, immune response, and health.
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INTRODUCTION

Widespread Japanese quail breeding in developing
countries may help overcome the current gap in meat
supply (Minvielle 2004; Alagawany et al.,, 202la;
Reda et al., 2021). Quails are economically important as
a source of meat and eggs, but quail production has not
yet reached its full potential in the poultry industry
(Genchev et al., 2008). The growth period of quail life is
an important phase in realizing the long-term great per-
formance (Elnesr et al., 2019). The use of feed additives
has been an essential part of poultry production success
and could be beneficial in quail diets. Familiar poultry
diet supplements include antimicrobials, antioxidants,
emulsifiers, binders, pH control agents, and coenzymes
(Yilmaz et al., 2006; Alagawany et al., 2018). There is a
widespread use of antibiotic alternatives such as organic
acids, probiotics, and medicinal plants; despite their
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higher price, these products are highly supported by con-
sumers (Ipu et al., 2006; Abd El-Hack et al., 2020a;
Elgeddawy et al., 2020; Elnesr et al., 2020). The poultry
industry is dependent on antibiotics as a feed supple-
ment to improve growth and feed efficiency, as well as
for better control of pathogenic microorganisms
(Tslam et al., 2008; Sultan et al., 2015). The overuse of
antibiotics has led to the development of antibiotic-resis-
tant bacteria, and has been shown to cause residual
effects in poultry, which has resulted in the ban of anti-
biotics in many countries. Functional feed additives are
promising natural alternatives to antibiotics (Abd El-
Hack et al., 2020b; Alagawany et al., 2020a;
Rehman et al., 2020;).

Organic acids play a major role in enhancing profit-
ability and are safe for use in poultry production. In
fact, organic acids are routinely incorporated into the
monogastric animal's diet in Europe as acidifiers and
preservatives to replace antibiotics as promoters of
growth and to prevent or control pathogens (Sugi-
harto, 2016; Alagawany et al., 2020b). Furthermore,
organic acids reduce microorganism growth in the gas-
trointestinal tract, change intestinal pH, and enhance
feed utilization (Skinner et al., 1991; Adams, 1999). This
study investigates the impact of citric acid (CA)
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supplementation on performance, carcass traits, blood
measurements, antioxidant and immune parameters,
digestive enzymes, and cecum microbiology traits of
growing

Japanese quail.

MATERIAL AND METHODS

A total of 300 un-sexed Japanese quail chicks (1-wk-
old) were randomly allotted to 5 treatment groups of 60
birds with 5 replications. The first group was fed a basal
diet and served as the control group. The remaining
groups were fed the control diet supplemented with 5,
10, 15, and 20 g/kg CA. The basal diet covered the
nutritional demands of broiler chickens during the
growth period (d 1-35) as recommended by
NRC (1994), and its structure and chemical composition
are presented in Table 1. All chicks were floor brooded,
healthy and bred in identical conditions. Diet and water
were supplied ad-libitum. Day light except an hour was
preserved during the whole experimental period. The
experimental procedures were performed according
to the Local Experimental Animal Care Committee,
Zagazig University.

Growth and Carcass Traits

Individual quail weights were recorded at 1, 3, and 5
wk of age to calculate the body weight (g) and weight
gain (g/day) during the experimental period. Feed
intake (g) was recorded and converted to g feed/g gain
throughout the experiment. At 35 d, 5 birds were

Table 1. Ingredients and nutrient contents of basal diet of grow-
ing Japanese quail.

Items (g/kg)
Ingredient

Maize 8.5% 518.0
Soybean meal 44% 367.0
Maize gluten meal 62% 52.1
Soybean oil 29.0
Limestone 7.0
Di-calcium phosphate 16.5
Salt 3.0
Premix' 3.0
L-Lysine 1.3
DI-Methionine 1.1
Choline chloride 2.0
Total 1000
Calculated composition”

Metabolizable energy (MJ/kg) 12.53
Crude protein (g/kg) 240.0
Calcium (g/kg) 8.0
Nonphytate phosphorus (g/kg) 4.5
Lysine (g/kg) 13.0
Total sulphur amino acids (g/kg) 9.2

'Provides per kg of diet: Vitamin A, 12,000 1.U; Vitamin D3, 5000 LU;
Vitamin E, 130.0 mg; Vitamin K3, 3.605 mg; Vitamin B1 (thiamin), 3.0
mg; Vitamin B2 (riboflavin), 8.0 mg; Vitamin B6, 4.950 mg; Vitamin B12,
17.0 mg; Niacin, 60.0 mg; D-Biotin, 200.0 mg; Calcium D-pantothenate,
18.333 mg; Folic acid, 2.083 mg; manganese, 100.0 mg; iron, 80.0 mg; zinc,
80.0 mg; copper, 8.0 mg; iodine, 2.0 mg; cobalt, 500.0 mg; and selenium,
150.0 mg.

%Calculated according to NRC (1994).

randomly selected from each group and were slaughtered
for carcass assessments. Also, the pH of cecal contents
was estimated using a digital pH meter (Model 507; Cri-
son Instruments S.A., Barcelona, Spain) (Reda et al.,
2020a,b).

Digestibility

Ten additional, 5-wk-old quails were obtained to
determine the digestibility of each dietary alimentary
and to determine the metabolizable energy (ME). These
quails were housed in individual cages and fed compe-
tent experimental rations. The chicks were allowed to
acclimate for 3 d, then the feed consumption was
recorded and feces were collected every 24 h for 5 d.
Once collected, all quail feathers were removed from the
excreta, and the cleaned samples were weighed and dried
in ovens at 70°C for 36 h. Diet and fecal analyses were
carried out directly according to AOAC (2006). Nutri-
tive values were calculated as ME. The ME was 4.2 Kcal
per gram total digestible nutrients (TDN).

Blood Parameters

At the end of the experiment, 10 birds were chosen
randomly from each group, then weighed and slaugh-
tered to collect blood samples. Blood samples were col-
lected in test tubes using EDTA to investigate the
possible effect of the treatments on blood. The test tubes
were sealed with rubber stoppers then gently shook to
mix the anticoagulants and the blood. Afterward, leuko-
cytes (WBCs; x 10°/mm?®), lymphocytes (%), mono-
cytes (%), and heterocytes (%) were estimated per
Campbell (1988).

Whole blood was centrifuged at 3,000 x ¢ for 20 min
to obtain isolated plasma, and then stored at —20°C
until analyzed. The Biuret method of Armstrong and
Carr (1964) was used to determine total protein (g/dL).
Albumin concentrations (g/dL) were calorimetrically
estimated according to Hill (1985). Albumin concentra-
tions were subtracted from the total protein concentra-
tions to obtain the globulin concentrations (g/dL).
Triglycerides and total cholesterol were determined
according to Allain et al. (1974). The method described
by Myers et al. (1994) was used to estimate high-inten-
sity lipoprotein levels (HDL). Low-intensity lipoprotein
(LDL) levels were determined according to
Friedewald et al. (1972). Plasma mineral concentrations
(Ca and P) were estimated according to Reitman and
Frankel (1957). Liver enzyme activities (alanine-amino-
transferase [ALT| and aspartate-aminotransferase
[AST]) were also determined using commercial kits.
Amylase enzyme activities were determined according
to Somogyi (1960), while, lipase enzyme activity was
determined per Tietz and Fiereck (1966). The method
by Lynn and Clevette-Radford (1984) was used to mea-
sure the activity of protease enzymes. Total antioxidant
capacity (TAC) was determined according to
Koracevic et al. (2001). The spectrophotometric method
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per Nishikimi et al. (1972) was used to determine super-
oxide dismutase (SOD). The method described by
Mihara and Uohiyama (1978) was used to measure
malondialdehyde (MDA). The method described by
Bianchi et al. (1995) was used to estimate gamma immu-
noglobulin (IgG).

Microbiology Traits

Total anaerobic count, aerobic plate counts (APC),
and total coliform counts were carried out according to
the American Public Health Association (Reda et al.,
2020a,b).

Statistical Analysis

Data were analyzed using SAS (SAS 2001) and a
completely randomized design. The significance level
was set at (P < 0.05) according to the statistical model:
Y = u + T; + e where Yj; = the observation, p = the
overall mean, T; = the treatment effect and

e;; = random error. All data (were analysed with one-
way ANOVA using the Tukey’s test (P < 0.05).

RESULTS AND DISCUSSION
Growth Performance

The averages of growth performance traits including
live body weight (LBW), body weight gain (BWG),
feed intake (FI), and feed conversion ratio (FCR) are
listed in Table 2. The chicks fed the CA-supplemented
diet had significantly (P < 0.05) higher LBWs at 3 and 5
wks of age, as well as higher BWG through all experi-
mental periods (1—3, 3—5, and 1—5 wks of age) com-
pared to the control. CA-supplemented birds had lower
FI and better FCR during different intervals. The addi-
tion of CA at 10 g/kg may be the preferable supplemen-
tation level, as appeared from the given growth
performance results. In general, LBW, BWG, and FCR

were improved in all treatment groups, and all treat-
ment groups consumed less food across all experimental
periods.

These results concur with those of previous studies.
Abd-El-Hlim et al. (2018), who reported that broiler
chicks fed the recommended amount of protein + 1.5%
CA diets, had improved (P < 0.05) body weights during
the starter phase. ELnaggar and Abo EL-Maaty, 2017
showed that ducklings fed 2 or 3% CA-supplemented
diets had significantly greater LBW, BWG, and FCR
compared to the control. Nourmohammadi and Khosra-
vinia (2015) demonstrated that weight gain and daily FT
were significantly improved in broiler chicks supple-
mented with 30 g CA/kg, but repressed when CA was
increased to 60 g/kg. In another study, 1.5% commercial
acetic acid improved broiler performance, but increased
CA levels of up to 3% resulted in no further improve-
ments ( Abdel Fattah et al., 2008). In contrast to the
above data, PinWu and Chen (2016) and Abd-El-
Hlim et al. (2018) demonstrated that diets supple-
mented with 1.0% CA did not change turkey growth
performance. The growth parameters of broiler chicks
were also not significantly influenced by dietary 2.0 to
4.0% CA (Rafacz-Livingston et al., 2005). The improve-
ments in growth performance seen in this study were
likely due to the decrease in the pH of gut content, CA’s
positive impact on gut morphometry and size, as well as
enhanced nutrient digestion (Rehman et al., 2016).

Digestion Coefficients and Digestive Enzyme

Improved (P < 0.05) digestion coefficients for NFE,
EE, CP, CF, and ME were found in all treatment groups
compared to the control (Table 3). A similar trend was
seen in another study, in which the inclusion of organic
acids improved digestibility coefficients of CP, CF, and
EE (Ndelekwute et al., 2019). In this study, the impact
of CA dietary supplementation on digestive enzyme
activity is presented in Table 3. Birds fed 10 to 20 g/kg
CA recorded higher digestive enzyme activities (amylase

Table 2. Growth performance of broiler chicks as affected by different levels of bile salts.

Citric acid level (g/kg diet)

Ttems 0 5 10 15 20 SEM Pvalue
Body weight (g)

wk 1 30.46 30.48 30.37 30.41 30.48 0.097 0.9099
wk 3 109.00¢ 123.44%° 124.50* 118.00° 121.34" 0.655 <0.0001
wk 5 189.33¢ 194.00° 210.72* 207.21° 196.33¢ 0.835 <0.0001
Body weight gain (g / day)

1-3 wk 5.614 6.64%" 6.73 6.25° 6.49" 0.047 <0.0001
3—5 wk 5.74° 5.04¢ 6.16 6.37 5.36° 0.072 <0.0001
1-5 wk 5.67¢ 5.84¢ 6.44* 6.31° 5.92¢ 0.031 <0.0001
Feed intake (g / day)

1-3 wk 14.75% 13.81" 13.71¢ 13.10¢ 14.25" 0.148 0.0002
3—5 wk 26.08" 22.63¢ 25.21" 26.29" 23.67° 0.076 <0.0001
1-5 wk 20.42% 18.22¢ 19.46" 19.69" 18.96° 0.113 <0.0001
Feed conversion ratio (g feed/ g gain)

1-3 wk 2.63" 2.08° 2.04° 2.09° 2.19" 0.015 <0.0001
3—5 wk 4.55" 4.49* 4.09" 4.13° 4.49* 0.072 0.0071
1-5 wk 3.60" 3.12% 3.02° 3.12> 3.20 0.031 <0.0001

Means in the same row with no superscript letters or with a common superscript letter are not significantly different (P < 0.05).
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Table 3. Digestion coefficient and nutritive values affected by different levels of citric acid.

Citric acid level (g/kg diet)

Items' 0 5 15 20 SEM P value
CP 85.264 86.11° 88.41% 87.54" 87.15" 0.162 <0.0001
EE 70.60° 74.46" 78.21° 77.46 74.85" 0.603 <0.0001
CF 24.75¢ 28.43" 26.89” 26.17° 27.04" 0.418 0.0016
NFE 77.834 79.62¢4 83.70" 81.30" 82.47% 0.621 0.0005
ME 3021¢ 3110 3306" 3169" 3167" 30.01 0.0040
Digestive enzymes (unit)

Amylase 12.60° 13.45° 15.45° 18.10° 17.87* 0.604 0.0002
Lipase 8.50" 8.03" 12.00* 11.50" 10.00*" 0.596 0.0037

Means in the same row with no superscript letters or with a common superscript letter are not significantly different (P < 0.05).
ICF, Curd fiber; CP, Curd protein; EE, Ether extract; ME, Metabolic energy; NFE, Nitrogen free extract.

and lipase). FCR improvement may be attributed to
organic acids, because the acidic anions promote the
absorption of minerals like Ca, P, Mg, and Zn (Abdel-
Latif et al., 2020; Pearlin et al., 2020). Diets enriched
with organic acidifiers induced significant improvements
in nutrient absorption by increasing the intestinal villus
height in chickens (Xia et al., 2004). Diet acidifier stimu-
lation directly impacts the gut cell proliferation linked
with  short  chain  fatty  acids. Similarly,
Denli et al. (2003) concluded that probiotic, antibiotic,
and organic acid supplementation improved intestinal
length and weight on d 42. In the same context, chymo-
trypsin and trypsin activities were higher in chickens
who consumed rations enriched with organic acids
( Liu et al., 2017). The improvement in nutrient digest-
ibility in this study may be due to the increased digestive
enzyme activities. Increased activity of intestinal diges-
tive enzymes in birds may be an indicator for improving
nutrient digestibility and increasing the productive per-
formance (Alagawany et al., 2021b).

Carcass Trait and Cecal Content pH

The results of carcass traits and cecal content pH are
listed in Table 4. Statistical analyses showed no signifi-
cant changes in the measured carcass traits. Brzoska
et al. (2013) had similar results; chicks fed 3, 6, and
9 g/kg CA displayed no significant change in their car-
cass traits. Additionally, Nourmohammadi et al. (2010)
found that 3 or 6% CA supplementation had no signifi-
cant effect on abdominal fat weight. In contrast, Ahsan-
ul-Haq et al. (2014) concluded that the relative breast

meat and giblet weight of broiler chicks were not signifi-
cantly affected by CA supplementation, but that dress-
ing percentage was significantly improved and
abdominal fat weight was reduced with increasing CA
levels (0.5, 1.0, and 1.5%). Nourmohammadi and Khos-
ravinia (2015) found that 30 and 60 g/kg CA signifi-
cantly increased the relative weights of the
proventriculus, gizzard, and ileum. ELnaggar and Abo
EL-Maaty (2017) found that broiler chick fed 2 or 3%
CA had significantly enhanced dressing and relative
weight of the total edible parts, but decreased abdomi-
nal fat compared to the control.

Caecal content pH values were reduced (P < 0.05) in
the treatment groups compared to the control (Table 4).
Similar results were found in broiler chicks supple-
mented at 30 or 60 g/kg CA significantly (P < 0.01)
reduced the pH wvalue of gut segment contents
(Nourmohammadi and Khosravinia, 2015).

Hematological Parameters

The hematological parameters are presented in
Table 5. The concentration of WBCs, MID and HCT %
significantly (P < 0.05) increased, while significant
decreases in the concentration of LYM % were found in
birds fed 5, 10, and 15 g CA /kg compared to the control
and the 20 g CA /kg diet, which were relatively equal.
ELnaggar and Abo EL-Maaty (2017) found that, diets
supplemented with 2.0 or 3.0% CA significantly
increased RBCs, hemoglobin, PCV, MCV, MCH,
WBCs, lymphocytes, and monocytes compared to the
control group. Moreover, ducks fed diets supplemented

Table 4. Relative weights of carcass traits as affected by different level of bile salts.

Citric acid level (g/kg diet)

Ttems 0 5 10 15 20 SEM Pvalue
Carcass % 77.65 76.07 77.36 75.28 74.21 1.078 0.3118
Liver % 2.21 3.07 2.48 2.94 2.96 0.248 0.1926
Gizzard % 2.01 2.48 2.60 2.61 2.11 0.226 0.3903
Heart % 0.89 0.90 0.99 0.92 0.90 0.093 0.9495
Giblets % 5.10 6.46 6.07 6.47 5.96 0.474 0.3758
Dressing % 82.75 82.53 83.43 81.74 80.18 0.940 0.2590
Caecal content 6.89% 6.31% 6.16° 6.25" 6.38° 0.059 <0.0001

pH

Means in the same row with no superscript letters or with a common superscript letter are not significantly different (P < 0.05).
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Table 5. Hematology of Japanese quail as affected by different levels of citric acid.

Citric acid level (g/kg diet)

Items' 0 5 10 15 20 SEM Pvalue
WBCs (10%/uL) 185.24° 275.23% 265.09% 267.86% 180.77° 8.603 <0.0001
LYM (%) 92.43* 88.31" 88.39" 88.46" 92.80" 0.596 0.0089
MID (%) 6.90" 10.49° 9.66" 10.26" 6.67" 0.389 0.0011
GRA (%) 0.62 1.21 1.95 1.27 0.53 0.204 0.1316
RBCs (10°/uL) 2.06 2.72 1.83 3.29 2.03 0.276 0.1475
HGB (g/dL) 12.40 14.26 12.77 13.95 10.87 0.820 0.2060
HCT (%) 21.63" 27.67* 24.68 27.95" 19.88" 1.288 0.0180
MCV (um?) 119.4 100.01 103.39 100.05 104.58 7.165 0.6454
MCH (pg) 69.23 51.62 69.63 49.95 57.35 6.560 0.4262
PLT (10%/uL) 26.01 13.08 21.47 16.00 19.00 2.852 0.1251

Means in the same row with no superscript letters or with a common superscript letter are not significantly different (P < 0.05)
!GRA, granulocytes; HGB, hemoglobin; HCT, hematocrit; LYM, lymphocytes; MCV, Mean corpuscular volume; MID, mid-range; MCH, Mean cor-
puscular hemoglobin; PLT, Platelet count; RBCs, red blood cells; WBCs, white blood cells.

with 3% CA had significantly higher RBCs, hemoglobin,
PCV, and MCH than the other groups.

Blood Biochemistry

The blood plasma content, liver, and kidney measure-
ments are given in Table 6. The CA-supplemented

dietary inclusion of CA (3 and 6%) had no significant
effect on total protein in broiler chicks. ELnaggar and
Abo EL-Maaty (2017) reported that dietary CA supple-
mentation at 2 to 3% increased serum globulin in ducks.
Contradicting results were obtained by Ghazalah et al.,
2011, who reported that 1.0 to 2.0% CA significantly
increased blood serum total protein. ELnaggar and Abo
EL-Maaty (2017) reported that dietary supplementa-

groups had higher (P < 0.05) albumin and globulin con-
centrations than the control group, without significant
difference between them. Furthermore, groups treated
with 5 g CA/kg had higher A/G (P < 0.05) than the
other groups or the control group. No significant effect
was observed on the total protein concentrations
(Table 5). Our findings agree with
Nourmohammadi et al. (2010), who found that the

tion of CA at 2.0 to 3.0% significantly increased serum
total protein in ducks.

Liver and Kidney Measurements

The results in Table 6 revealed no significant differen-
ces among the different treatment groups or control

Table 6. Blood chemistry as affected by different levels of citric acid.

Citric acid level (g/kg diet)

Items' 0 5 10 15 20 SEM Pvalue
Liver and kidney functions
TP (g/dL) 2.62" 3.09" 3.13 3.24" 3.18" 0.073 0.0027
ALB (g/dL) 1.33" 1.75" 1.64* 1.69* 1.65" 0.035 0.0005
G (g/dL) 1.29° 1.34% 1.49° 1.56 1.53" 0.046 0.0132
AG (%) 1.03" 1.30° 1.10" 1.09" 1.07° 0.030 0.0019
AST (IU/L) 185.53 172.10 167.55 153.65 163.65 8.303 0.1795
ALT (IU/L) 13.65" 12.12°° 12.25%° 10.70 13.60* 0.512 0.0260
Creatinine (mg/dL) 0.54 0.60 0.51 0.52 0.48 0.029 0.2661
Urea (mg/dL) 0.76" 0.58" 0.66™ 0.47° 0.71°" 0.041 0.0066
Lipid profile
TC (mg/dL) 211.37° 199.40* 179.00" 174.74° 206.52" 3.616 0.0005
TG (mg/dL) 155.06 141.17 145.24 142.45 164.73 5.030 0.1355
HDL (mg/dL) 49.03° 53.98%" 54.91°P 56.20™ 51.67™ 1.154 0.0140
LDL (mg/dL) 131.33" 117.19* 95.05" 90.05" 121.91° 4.341 0.0004
VLDL (mg/dL) 31.01 28.23 29.05 28.49 32.95 1.006 0.1355
Immunity and antioxidants
IgG (mg/dL) 0.74° 1.20" 0.99" 0.87" 0.79° 0.054 0.0012
IgM (mg/dL) 0.46" 0.52" 0.92* 1.01* 0.63" 0.060 0.0003
GPX (ng/mL) 0.21° 0.22¢ 0.25" 0.26 0.23" 0.008 0.0131
TAC (ng/mL) 0.17° 0.20" 0.28" 0.21" 0.19" 0.008 <0.0001
SOD (U/mL) 0.13" 0.26* 0.29* 0.23* 0.15" 0.020 0.0014
MDA (nmol/mL) 0.45" 0.36™ 0.23° 0.28" 0.35" 0.029 0.0040
Minerals
Ca (mg/dL) 8.84 8.67 8.64 8.12 9.58 0.311 0.1814
P (mg/dL) 5.08" 4.46™ 4.23¢ 4.33° 4.65" 0.070 0.0002

Means in the same row with no superscript letters or with a common superscript letter are not significantly different (P < 0.05).

'Alb, albumin, A/G, albumin/ globulin ratio; AST, aspartate aminotransferase and ALT, alanine aminotransferase; GLOB, globulin; GSH, reduced
glutathione; GPX, glutathione peroxidase; IgG and M, immunoglobulin G and MHDL, high density lipoprotein; LDL, low density lipoprotein; MDA,
malondialdehyde; SOD, superoxide dismutase; TC, total cholesterol; VLDL, very low density lipoprotein; TG, triglycerides; TAC, total antioxidant
capacity; TP, total protein.
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group in plasma AST and creatinine concentrations,
while the concentrations of plasma ALT and urea were
reduced (P < 0.05) in CA treated groups when compared
to the control. Chicks that received 15 g CA /kg recorded
the lowest values of ALT and urea concentrations com-
pared to all other groups. These results agree with
ELnaggar and Abo EL-Maaty, 2017 who reported that
ducks fed diets supplemented with 2 to 3% CA / kg had
significantly lower urea, creatinine, AST and ALT con-
centrations compared to the control group. The reduced
plasma urea levels in CA-supplemented birds could be
an indication of the birds improved protein digestion
abilities and by the fact that uric acid is the major end
product of protein metabolism in poultry.

Plasma Minerals

The results illustrated in Table 6 show that phospho-
rus (P) concentrations decreased (P < 0.05) in the
plasma of quail chicks supplemented with CA. Plasma
calcium (Ca) concentrations were insignificantly influ-
enced by CA supplementation. These results agree with
Nourmohammadi et al. (2010) who showed that the
addition of 60 g CA /kg in broiler chick diets significantly
decreased P concentrations in blood compared to the
control. Nourmohammadi and Khosravinia (2015) illus-
trated that 3.0 and 6.0% CA supplementation had no
significant effect on plasma Ca concentrations in broiler
chicks. Moreover, Ghazalah et al.; 2011 demonstrated
that 1 to 2% CA significantly increased blood serum P.
Abdel Fattah et al., 2008 reported that broiler chicks fed
acidified diets (acetic, citric, or tactic acid) had signifi-
cantly higher serum concentrations of Ca and P. In con-
trast, Islam et al. (2012) did not find any significant
effects on mineral blood profiles when used CA at
0.75%. PinWu and Chen (2016) found no significant dif-
ferences in serum Ca and P concentrations when turkey
diets were supplemented with 1.0% CA. Citric acid
enhanced the utilization of P by competitively chelating
Ca, a consequence of reducing the formation of insoluble
Ca phytate complexes in chicks (Snow et al., 2004).

Lipid Profile
The effect of dietary CA supplementation on lipid

profiles (TC, TG, HDL, LDL, and VLDL) is given in
Table 6. The concentrations of TC and LDL decreased

Table 7. Bacteriology as affected by different levels of citric acid.

(P > 0.05), while the concentration of HDL significantly
increased in the groups supplemented with 10 or 15 g
CA /kg compared to the control (Table 6). The other
experimental groups (5 and 20 g CA /kg) and the control
were relatively equal. These findings agree with
ELnaggar and Abo EL-Maaty, 2017, who found dietary
CA supplementation at 2 to 3% significantly decreased
serum cholesterol and LDL compared to the control
group. Kamal and Ragaa (2014) indicated that blood
cholesterol and total lipids were also significantly
reduced by dietary acidifiers. The useful role of organic
acids in lowering total lipid and cholesterol may due to
their ability to reduce microbial intracellular pH
( Abdel Fattah et al., 2008).

Immune Indices and Antioxidants

Table 6 shows the effect of dietary CA supplementa-
tion on immune indices (IgG and IgM) and antioxidant
status (GPx, TAC, SOD, and MDA). Significant differ-
ences were observed among the trial groups in the
plasma IgG and IgM contents. IgG levels were greater
(P < 0.05) in groups receiving 5 or 10 g CA /kg than in
the control group. The other CA levels (15 and 20 g/kg)
were not significantly affected. Significant (P < 0.05)
increases were recorded in IgM values in the birds fed 10
or 15 g CA /kg diet compared to the control. The other
groups were not significantly different than the control
group. These results coincide with those obtained in
ducklings (ELnaggar and Abo EL-Maaty, 2017), who
had noticeably higher concentration of globulin and
total protein compared to the control group when sup-
plemented with 2 to 3% CA. This indicated that duck-
lings fed acidifiers-supplemented diets had better disease
resistance and immune responses. Thus, the addition of
CA may improve the immune response, since immune
responses and antibodies are linked by globulin levels
(Kamal and Ragaa, 2014).

With regard to antioxidant status, Table 6 shows that
the values of GPx, TAC, and SOD were higher in CA
treated groups than in the control. In contrast, plasma
MDA contents were reduced (P < 0.05) in all CA treat-
ment groups compared to the control. These results
agree with ELnaggar and Abo EL-Maaty, 2017 who
reported that 2 to 3% organic acids supplementation in
duckling diets significantly decreased serum levels of

Citric acid level (g/kg diet)

Ttems 0 5 10 15 20 SEM Pvalue
Cecal bacterial count (Log CFU/g)

Total bacterial count 8.65" 857" 8.64% 8.59P 8.56" 0.009 0.0002
Lactobacillus 7.444 7.67° 8.47" 8.59%P 8.70" 0.045 <0.0001
Coliform 5.47 4.37° 4.39" 4.34° 4.30P 0.041 <0.0001
E. coli 4.54* 3.59P 3.47° 3.42¢4 3.374 0.024 <0.0001
Salmonella 3.54% 2.48° 2.39¢ 2.40¢ 3.09° 0.044 <0.0001

Means in the same row with no superscript letters or with a common superscript letter are not significantly different (P < 0.05).
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TAC, GSH, GPx, and SOD compared to the control
group.

Bacteriological Count

The impact of dietary CA supplementation on cecal
microbiota (TBC, Lactobacillus, Coliform, E. coli, and
Salmonella) is shown in Table 7. It was observed that
CA-supplemented chicks exhibited a significant decrease
in cecal TBC, Coliform, E. coli, and Salmonella, while
Lactobacillus levels were significantly increased in CA-
supplemented chicks compared to the control. Our
results agree with ELnaggar and Abo EL-Maaty, 2017,
who reported that growing ducks supplemented with 2
to 3% CA in their basal diets had significantly lower lev-
els of TBC, Salmonella, E. coli, and Proteus spp. than
the control group. The lower bacteria levels observed
may be due to the lower cecum pH, as suggested by
Abdel Fattah et al., 2008, who reported that reduced pH
is conducive to increasing favorable bacteria and limit-
ing the growth of pathogenic bacteria, which need a rela-
tively higher pH to grow.

CONCLUSIONS

We concluded that the inclusion of CA (especially at
10 g/kg) in growing Japanese quail diets improved their
growth performance, carcass traits, nutrient digestibil-
ity, immune response, and health. Chicks fed CA at dif-
ferent levels exhibited significant decreases in cecal
content of pathogenic bacteria including coliform, E.
coli, and Salmonella.

DISCLOSURES

There is no conflict of interest.

REFERENCES

Abd El-Hack, M. E.; S. S. Elnesr, M. Alagawany, A. Gado,
A. E. Noreldin, and A. A. Gabr. 2020a. Impact of green tea
(Camellia sinensis) and epigallocatechin gallate on poultry.
World. Poult. Sci. J. 76:49-63.

Abd El-Hack, M. E., M. Alagawany, H. Shaheen., D. Samak,
S. I. Othman, and M. Sitohy. 2020b. Ginger and its derivatives as
promising alternatives to antibiotics in poultry feed. Animals
10:452.

Abdel Fattah, S. A., M. H. El-Sanhoury, N. M. El-Mednay, and
F. Abdel Azeem. 2008. Thyroid activity, some blood constituents,
organs morphology and performance of broiler chicks fed supple-
mental organic acids. Int. J. Poult. Sci. 7:215-222.

Abd-ElI-Hlim, H. S., F. A. M. Attia, H. S. Saber, and
H. I. Hermes. 2018. Effects of dietary levels of crude protein and
specific organic acids on broilers performance. Egypt. Anim. Prod.
55:15-27.

Abdel-Latif, E. A., Z. A. Ibrahim, F. M. Reda, and
M. Alagawany. 2020. Effect of Aspergillus japonicas culture fil-
trate on performance, carcass yield, digestive enzymes, intestinal
microbiota and blood constituents of quail. Ital. J. Anim. Sci.
19:1057-1064.

Adams, C. 1999. Poultry and dietary acids. Feed Int. 20:1370-1372.

Ahsan-ul-Haq, M. T. C., F. Ahmad, J. Shafi, and M. Ashraf. 2014.
Effect of dietary acidification with citric acid on carcass

characteristics, haemogram and serum metabolite values of broiler
chicken. Pak. J. Life Soc. Sci. 12:36-41.

Alagawany, M., M. Madkour, M. T. El-Saadony, and
F. M. Reda. 2021a. Paenibacillus polymyxa (LM31) as a new feed
additive: antioxidant and antimicrobial activity and its effects on
growth, blood biochemistry, and intestinal bacterial populations of
growing Japanese quail. Anim. Feed Sci.Technol. 276:114920.

Alagawany, M., M. T. El-Saadony, S. S. Elnesr, M. Farahat, G. Attia,
M. Madkour, and F. M. Reda. 2021b. Use of lemongrass essential
oil as a feed additive in quail's nutrition: its effect on growth, car-
cass, blood biochemistry, antioxidant and immunological indices,
digestive enzymes and intestinal microbiota. Poult. Sci.
100:101172.

Alagawany, M., M. E. Abd El-Hack, A. A. Al-Sagheer, M. A. Naiel,
I. M. Saadeldin, and A. A. Swelum. 2018. Dietary cold pressed
watercress and coconut oil mixture enhances growth performance,
intestinal microbiota, antioxidant status, and immunity of grow-
ing rabbits. Animals 8:212.

Alagawany, M., E. A. Abdel-Latif, Z. A. Ibrahim, and
F. M. Reda. 2020a. Use of Aspergillus japonicas culture filtrate as
a feed additive in quail breeder’s nutrition. Ital. J. Anim. Sci.
19:1291-1298.

Alagawany, M., M. M. El-Hindawy, L. A. Mohamed, R. M. Bilal, and
J. Soomro. 2020b. The use of cold pressed oils as eco-friendly alter-
natives for antibiotics in high and low-CP diets of laying Japanese
quail. Anim. Biotechnol. 2020:1-8..

Allain, CC, LS Poon, CS Chan, WS Richmond, and PC. Fu. 1974.
Enzymatic determination of total serum cholesterol. Clin. Chem.
20:470-475.

AOAC. 2006. Official Methods of Analysis (18th ed.). Association of
Official Analytical Chemists, Washington, DC.

Armstrong, WD, and CW. Carr. 1964. Physiological Chemistry Labora-~
tory Direction (3rd.). E. Burses Publishing Co, Minneapollis, MN.
Bianchi, AT, HW Moonen-Leusen, PJ Van der Heijden, and
BA Bokhout. 1995. The use of a double antibody sandwich ELISA
and monoclonal antibodies for the assessment of porcine IgM, IgG
and IgA concentrations. Vet. Immunol. Immunopathol. 44:309-317.

Brzéska, F, B Sliwinski, and O. Michalik-Rutkowska. 2013. Effect of
dietary acidifier on growth, mortality, post-slaughter parameters
and meat composition of broiler chickens /Wplyw zakwaszacza
diety na mase ciata, Smiertelnosé¢, wydajnos¢ rzezna i sktad miesa
kurczat rzeznych. Ann. Anim. Sci. 13:85-96.

Campbell, TW. 1988. Avian Hematology and Cytology. Iowa State
University Press, Ames, [A.

Denli, M, F Okan, and K. Celik. 2003. Effect of dietary probiotic,
organic acid and antibiotic supplementation to diets on broiler per-
formance and carcass yield. Pak. J. Nutr. 2:89-91.

Elgeddawy, S. A., H. M. Shaheen, Y. S. El-Sayed, M Abd Elaziz,
A. Darwish, D. Samak, and S. S. Elnesr. 2020. Effects of the die-
tary inclusion of a probiotic or prebiotic on florfenicol pharmacoki-
netic profile in broiler chicken. J. Anim. Physiol. Anim. Nutr.
104:549-557.

Elnesr, S. S., A. Ropy, and A. H. Abdel-Razik. 2019. Effect of dietary
sodium butyrate supplementation on growth, blood biochemistry,
haematology and histomorphometry of intestine and immune
organs of Japanese quail. Animal 13:1234-1244.

ELnaggar, A. Sh., and H. M. A. Abo EL-Maaty. 2017. Impact of using
organic acids on growth performance, blood biochemical and
hematological traits and immune response of ducks (cairina
moschata). Egypt. Poult. Sci. 37:907-925.

Elnesr, S. S., M. Alagawany, H. A. Elwan, M. A. Fathi, and
M. R. Farag. 2020. Effect of sodium butyrate on intestinal health
of poultry-a review. Ann. Anim. Sci. 20:29-41.

Friedewald, WT, RI Levy, and DS. Fredrickson. 1972. Estimation of
the concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin. Chem.
18:499-502.

Genchev, A, G Mihaylova, S Ribarski, A Pavlov, and
M. Kabakchiev. 2008. Meat quality and composition in Japanese
quails. Trakia J. Sci. 6:72-82.

Ghazalah, AA, AM Atta, K Elkloub, M Moustafa, EL Riry, and
FH Shata. 2011. Effect of dietary supplementation of organic acids
on performance, nutrients digestibility and health of broiler chicks.
Int. J. Poult. Sci. 10:176-184.


http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0006
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0007
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0007
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0007
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0007
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0010
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0018
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0026

8 FIKRY ET AL.

Hill, P. G. 1985. The measurement of albumin in serum and plasma.
Ann. Clin. Biochem. 6:565-578.

Ipu, MA, MS Akhtar, MI Anjumi, and ML. Raja. 2006. Effects of die-
tary coriander seed on blood and cholesterol level in broiler. Pak.
Vet. J. 26:144-148.

Islam, KMS, H Schaeublin, C Wenk, M Wanner, and
A. Liesegang. 2012. Effect of dietary citric acid on the performance
and mineral metabolism of broiler. J. Anim. Physiol. Anim. Nutr.
96:808-817.

Islam, MZ, ZH Khandaker, SD Chowdhury, and KMS. Islam. 2008.
Effect of citric acid and acetic acid on the performance of broilers.
J. Bangladesh Agric. Univ. 6:315-320.

Kamal, AM, and NM. Ragaa. 2014. Effect of dietary supplementation
of organic acids on performance and serum biochemistry of broiler
chicken. Nat. Sci. 12:38-45.

Koracevic, D, G Koracevic, V Djordjevic, S Andrejevic, and
V. Cosic. 2001. Method for the measurement of antioxidant activ-
ity in human fluids. J. Clin. Pathol. 54:356-361.

Liu, Y, X Yang, H Xin, S Chen, C Yang, Y Duan, and X Yang. 2017.
Effects of a protected inclusion of organic acids and essential oils
as antibiotic growth promoter alternative on growth performance,
intestinal morphology and gut microflora in broilers. Anim. Sci. J.
88:1414-1424.

Lynn, KR, and NA. Clevette-Radford. 1984. Purification and charac-
terization of hevin, a serin protease from Heveabrazilliensis. Bio-
chem. J. 23:963-964.

Mihara, M, and M. Uohiyama. 1978. Determination of malondialde-
hyde precursors in tissues by thiobarbituric acid test. Anal. Bio-
chem. 86:271-278.

Minvielle, F. 2004. The future of Japanese quail for research and pro-
duction. Worlds Poult. Sci. J. 60:500-507.

Myers GL, Cooper GR, Henderson LO, Hassemer DJ, Kimberly M.
1994. Standardization of lipid and lipoprotein measurements. In
N. Rifai, and G. R. Warnick (Eds.). Laboratory Measurement of
Lipid and Lipoproteins and Apolipoproteins. Washington, DC:
AACC Press

National Research Council, NRC. 1994. Nutrient Requirement of
Poultry. National Academy Press, Washington, DC.

Ndelekwute, EK, UL Unah, and UH. Udoh. 2019. Effect of die-
tary organic acids on nutrient digestibility, faecal moisture,
digesta pH and viscosity of broiler chickens. MOJ Anat. Phys-
iol. 6:40-43.

Nishikimi, M, NA Roa, and K. Yogi. 1972. The occurrence of superox-
ide anion in the reaction of reduced phenazine methosulfate and
molecular oxygen. Biochem. Bioph. Res. Common 46:849-854.

Nourmohammadi, R, SM Hosseini, and H. Farhangfar. 2010. Effect of
dietary acidification on some blood parameters and weekly perfor-
mance of broiler chickens. J. Anim. Vet. Adv. 9:3092-3097.

Nourmohammadi, R, and H. Khosravinia. 2015. Acidic stress caused
by dietary administration of citric acid in broiler chickens. Arch.
Anim. Breed. 58:309-315.

Pearlin, BV, S Muthuvel, P Govidasamy, M Villavan, M Alagawany,
M Ragab Farag, K Dhama, and M Gopi. 2020. Role of acidifiers in
livestock nutrition and health: A review. J. Anim. Physiol. Anim.
Nutr. 104:558-569.

PinWu, C, and LK. Chen. 2016. Effect of dietary citric acid, fumaric
acid or sodium bicarbonate on growth performance and bone charac-
teristics in male turkey poult. J. Chin. Soc. Anim. Sci. 45:187-196.

Rafacz-Livingston, KA, C Martinez-Amezcua, CM Parsons,
DH Baker, and J. Snow. 2005. Citric acid improves phytate phos-
phorus utilization in crossbred and commercial broiler chicks.
Poult. Sci. 84:1370-1375.

Reda, FM, M Alagawany, HK Mahmoud, SA Mahgoub, and
SS. Elnesr. 2020b. Use of red pepper oil in quail diets and its effect on
performance, carcass measurements, intestinal microbiota, antioxi-
dant indices, immunity and blood constituents. Animal 14:1025-1033.

Reda, FM, MT El-Saadony, SS Elnesr, M Alagawany, and
V. Tufarelli. 2020a. Effect of dietary supplementation of biological
curcumin nanoparticles on growth and carcass traits, antioxidant
status, immunity and caecal microbiota of Japanese quails. Ani-
mals 10:754.

Reda, F. M., M. T. El-Saadony, T. K. El-Rayes, M. Farahat, G. Attia,
and M. Alagawany. 2021. Dietary effect of licorice (Glycyrrhiza
glabra) on quail performance, carcass, blood metabolites and intes-
tinal microbiota. Poult. Sci. 100:101266.

Rehman, A.; M. Arif, N. Sajjad, M. Q. Al-Ghadi, M. Alagawany,
M. E. Abd El-Hack, and A. A. Swelum. 2020. Dietary effect of pro-
biotics and prebiotics on broiler performance, carcass, and immu-
nity. Poult. Sci. 99:6946-6953.

Rehman, Z. U.,; A. Ul Haq, N. Akram, M. E. Abd El-Hack, M. Saeed,
S. U. Rehman, M. Chunchun, M. Alagawany, M. Sayab,
K. Dhama, and C. Ding. 2016. Growth performance, intestinal his-
tomorphology, blood hematology and serum metabolites of broilers
chickens fed diet supplemented with graded levels of acetic acid.
Int. J. Pharmacol. 12:874-883.

Reitman, S., and S. A. Frankel. 1957. Colorimetric method for deter-
mination of serum glumaticoxaloacetic and glutamic pyruvic
transaminases. Ann. J. Clin. Pathol. 26:1-13.

SAS. 2001. Institute Inc. SAS User’s Guide; Release, 8.2. SAS Insti-
tute Inc, Cary, NC.

Skinner, J. T., A. L. Izat, and P. W. Waldroup. 1991. Research Note:
Dumaric acid enhances performance of broiler chicken. Poult. Sci.
70:1444-1447.

Snow, J. L., D. H. Baker, and C. M. Parsons. 2004. Phytase, citric
acid and 1. Poult. Sci. 83:1187-1192.

Somogyi, M. 1960. Modification of two methods for the assay of amy-
lase. Clin. Chem. 6:23-35.

Sugiharto, S. 2016. Role of nutraceuticals in gut health and growth
performance of poultry. J. Saudi Soc. Agric. Sci. 15:99-111.

Sultan, A., T. Ullah, S. Khan, and R. U. Khan. 2015. Effect of organic
acid supplementation on the performance and ileal microflora of
broiler during finishing period. Pak. J. Zool. 47:635-639.

Tietz, N. W., and E. A. Fiereck. 1966. A specific method for serum
lipase determination. Clin. Chem. Acta 13:352-358.

Xia, M. S., C. H. Hu, and Z. R Xu. 2004. Effects of copper-bearing
montmorillonite on growth performance, digestive enzyme activi-
ties, and intestinal microflora and morphology of male broilers.
Poult. Sci. 83:1868-1875.

Yilmaz, A., O. Javed, and M. Shah. 2006. Object tracking: A survey.
ACM Comput. Surv. 38:13.


http://refhub.elsevier.com/S0032-5791(21)00360-6/opt1TzYMSIfm4
http://refhub.elsevier.com/S0032-5791(21)00360-6/opt1TzYMSIfm4
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00360-6/opt3aScUKlRBy
http://refhub.elsevier.com/S0032-5791(21)00360-6/opt3aScUKlRBy
http://refhub.elsevier.com/S0032-5791(21)00360-6/opt3aScUKlRBy
http://refhub.elsevier.com/S0032-5791(21)00360-6/opt3aScUKlRBy
http://refhub.elsevier.com/S0032-5791(21)00360-6/opt3aScUKlRBy
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0042
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0042
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0042
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0043
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0043
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0043
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0053
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0053
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0054
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0054
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0054
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0056
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0056
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0058
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0058
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0058
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0059
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0059
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00360-6/sbref0062

	Dietary citric acid enhances growth performance, nutrient digestibility, intestinal microbiota, antioxidant status, and immunity of Japanese quails
	INTRODUCTION
	MATERIAL AND METHODS
	Growth and Carcass Traits
	Digestibility
	Blood Parameters
	Microbiology Traits
	Statistical Analysis

	RESULTS AND DISCUSSION
	Growth Performance
	Digestion Coefficients and Digestive Enzyme
	Carcass Trait and Cecal Content pH
	Hematological Parameters
	Blood Biochemistry
	Liver and Kidney Measurements
	Plasma Minerals
	Lipid Profile
	Immune Indices and Antioxidants
	Bacteriological Count

	CONCLUSIONS
	DISCLOSURES
	References


