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Abstract

The current work aimed to evaluate the effect of feeding organic acids (OA) on growth
performance, carcass traits, meat quality, blood parameters and immune response of broilers fed
with a low protein diet (LPD). A total number of 68 broiler chicks (one-day-old) were randomly
distributed into 4 equal groups each of 17 chicks. The first group was fed the basal diet (100%
NRC crude protein (CP)) free from OA and considered as a control (T1). The other three groups
(T2, T3 and T4) were fed on diets with different protein levels (95% NRC, 90% NRC & 85%
NRC, respectively) and supplemented with OA at a level of 0.45%. The results showed that body
weight and gain during starter phase (days 1-21) were not significantly (P = 0.7, P = 0.13,
respectively) influenced by the supplementation of OA. However, during finisher phase (days
22-42) body weight and gain were significantly decreased (P < 0.05) in OA groups (-18% and -
24%, respectively). A significant (P < 0.05) reduction in abdominal fat content and the meat
cholesterol, triglyceride, and fat mass of broiler breast and thigh meat, while protein content
significantly (P < 0.05) increased in all OA supplemented groups. In conclusion, adding OA
improved immune response through increased serum globulin, and an increase in bursa relative
weight of broilers. Moreover, the addition of OA to broiler fed LPD has no effect on growth
parameters and carcass traits but improves broiler immunity and produces healthy meat to
consumers.
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Introduction

Broiler meat considered one of the
most important protein sources in the global
market, and it is currently the second most
consumed meat worldwide (FAO, 2013).
This may be due to many factors from
which consumer acceptance is very crucial.
However, consumer demands are changing
and becoming more complex because
consumers seek to satisfy their personal
interest. Therefore, efforts are made to
produce healthy and good quality meat
(Arshad et al. 2016).When it comes to
broiler diets, the main focus is on crude
protein (CP), because protein is a major
component of broiler diets, and it, together
with the other main nutrients, is essential for
life (Cheeke, 2005). In addition, protein and
amino acid supplementation in the diet is
crucial for maintaining proper immune
function and protecting the host from a wide
range of diseases (Beski et al., 2015).
However, the high price of protein sources,
as well as environmental concerns related to
high nitrogen excretion, have resulted in
increasing interest in using low protein diets
(LPD) in broilers production (Ravangard et
al., 2017). By lowering the CP content of
broiler diets, the protein efficiency ratio
linearly increases. In LPD, this favorable
impact associated with lower feed cost
(Cheng el al., 1997). The drawback of this
strategy is the substantial effect on
performance parameters as feed conversion
ratio (FCR) and weight gain. Therefore,
many nutritionists attempted to deal with
this problem to achieve a better economic
return and reduce the environmental
pollution through using new approaches in
poultry production (Awad et al., 2015).
Disease prevention and improvement of
growth and feed efficiency are critical
factors in poultry production. For decades,
antibacterial growth promoters (AGP) were
widely used in broiler feed to improve
performance and feed efficacy (Roth et al.,
2019). The European ban the non-
therapeutic use of AGP due to development
of microbial resistance which consequently
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increased digestive disorders in broilers
(Dalle Zotte et al.,, 2016). Thus, meat
production from broiler chicken without
application of AGP is important to protect
human health against antimicrobial
resistance (Haque et al. 2020). As a result of
the ban, researchers have focused their
efforts on developing natural feed additives
that would improve intestinal health and
productivity of poultry in the meantime
(Ramigani et al., 2017). Because consumer
demands and legislative pressure dictate the
use of AGP, it is challengeable to find
suitable, reliable and cost-effective
alternatives to AGP for sustainable poultry
production (Kocher et al., 2004). As
summed up in a review of Dalle Zotte et al.,
(2016), the natural feed additives can be
divided into probiotics, herbs, prebiotics
and organic acids (OA). Because of its
three-free characteristics (pollution- free,
drug resistance and residual free), OA has
been preferred by enterprises (Dittoe et al.,
2018). With in-depth research, scholars
have discovered that using OA inhibited the
growth of pathogenic bacteria, yeasts and
moulds. Due to their antimicrobial
properties, OA could be suitable
alternatives to AGP in poultry (Khan and
Igbal , 2016; Waseem et al., 2016). In
addition, OA were reported to have several
beneficial effects such as providing better
intestinal health for the bird (Mousa, 2018),
increased pancreatic secretion (Adil et al.
2010; Samanta et al. 2010), improved
protein and energy digestibilities and
reduced endogenous nitrogen losses
(Suiryanrayna and Ramana, 2015). Because
consumers are seeking for meat that can
contribute to their personal contentment,
OA supplementation can satisfy consumer
demands via providing healthy and
nutritious broilers meat (Lakshmi et al.,
2016). Thus, nutritional intervention has
been proposed as a viable strategy for
improving meat quality and consequently
consumer acceptance (Nieto and Ros,
2012). Considering the positive effects of
OA on protein utilization, using LPD
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supplemented with these additives in broiler
diets may reduce the negative effects of
LPD. We tested the hypothesis that using
OA supplementation could be beneficial
and ultimately compensate the reduction of
CP content of the diet of broilers. The
current study aimed at evaluating the
potential modulatory role of OA
supplementation during feeding LPD and
its effects on performance, carcass traits,
blood parameters and meat chemical
composition.

Materials and methods
Ethical approval:

All procedures and protocols in this
study was approved by Animal Care and
Ethics Committee, Faculty of Veterinary
Medicine, Assiut University, Egypt.

Birds, housing and feeding:

A total number of 68 bird one-day old
unsexed broiler chicks (Ross 308 breed)
were obtained from a local commercial
source, weighed and randomly distributed
to 4 equal groups each of 17 chicks. The
initial average weight of the experimental
chicks was (39.58+0.39g). Birds in all
groups were housed in floor pens and kept
under the same managerial system and
environmental conditions. Birds were fed
according to two phases feeding program:
starter (0 — 21 days) and grower-finisher
(2242 days).

The first group was fed the basal (100%
NRC CP) diet free from OA and considered
as a control (T1). The other three groups
(T2, T3 and T4) were fed on diets with
different protein levels (95% NRC, 90%
NRC and 85% NRC) supplemented with
OA (BACTICID DRY®, calcium format,
calcium propionate, citric acid and calcium
carbonate) at a level of 0.45% Birds in the
four groups were fed ad libitum on their
respective diets and given free access to
fresh and clean water and the diets offered
in a mash form (Table 1). Birds were
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vaccinated against New Castle viral disease
(NCD) using Hitchner B1 strain at the age
of 7day via eye drop, Lasota strain at the age
of 17 day via eye drop and colon strain at
the age of 27 day via eye drop. Infectious
bursal disease vaccine was administrated to
birds at the age of 10 day and 20 day in
drinking water. Feed intake was recorded
daily while live body weight was weekly
recorded throughout the 6 weeks of the
experimental period.

Feed analysis:

The chemical analysis was performed
for the dietary ingredients to assess dry
matter (DM), ether extract (EE), CP, and ash
while nitrogen-free extract was calculated
according to the methods of the association
of Official Analytical Chemists (AOAC,
2011). In details, the DM was analyzed by
drying samples in an oven at 100°C
overnight, and the ash was analyzed by
burning samples at 580°C overnight. Using
a Soxhlet extractor, crude fat was evaluated
as EE while CP was analyzed by the
Kjeldahl's method. The metabolized energy
(ME) content of the experimental diets was
calculated based on chemical composition
(NRC, 1994).

Sampling, carcass traits, chemical
analysis of meat and meat composition:
At the end of the experiment, three
birds were randomly taken from each group
weighed and slaughtered to complete
bleeding after fasting overnight. The weight
of dressed carcass (the weight of
slaughtered birds after removal feathers,
head and feet but including all the edible
offal's) was recorded. The absolute weights
of some internal organs including (liver,
gizzard and heart), abdominal fat pad and
immune organs (bursa, spleen and thymus)
were recorded. Internal, immune organ and
abdominal fat pad weights were expressed
as the relative weight of live body weight.

Meat samples from the breast and thigh
of the slaughtered birds in all the
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experimental groups were taken separately
prepared (carefully minced and
homogenized) and chemically analyzed for
DM, CP, EE, and ash following AOAC
(2011) official methods. Total cholesterol
and triglycerides concentration in total lipid
extracts obtained from breast and thigh
meat samples were determined
enzymatically using commercially
available reagent kits, (Wako pure chemical
industries, Ltd., Tokyo, japan) as described
previously (Bligh and Dyer .1959; Naeemi
etal., 1995 ; Afrose et al., 2009).

Blood collection and analysis:

Blood samples were collected from the
selected birds, allotted to clot at ambient
temperature, centrifuged for 15 minutes at
4000 rpm and serum from each sample was

extracted. the sera were transferred into
aseptic vials and saved at -20 °C until
further analysis. The log Newcastle virus
serum antibody titer determined by
Hemagglutination Inhibition (HI) assay was
performed as previously described (OIE,
2013). Total protein and its fractions
(albumin and globulin), triglycerides, and
cholesterol were measured by
spectrophotometer using commercial test
Kits (Spectrum, Cairo, Egypt).

Statistical analysis:

Data were subjected to analysis of
variance using SPSS 20 statistical software
(SPSS Inc., Chicago, IL, USA). All values
are reported as least square means and
standard error of the mean (SEM).
Significance was declared at P < 0.05 and a
trend was set at 0.05 < P < 0.10.

Table 1: Physical and chemical composition (%) of the experimental diets

Starter diet (0-21d)

Grower Finisher diet (22-42 d)

Groups!

T1 T2 T3 T4 T1 T2 T3 T4
Feed stuff (%)
Yegf(‘)’:’”fgm’ 48.95 53.37 57.83 62.21 60.94 64.77 68.64 72.37
Soybean meal ~ 39.85 36.02 32.18 28.40 30.31 26.98 23.66 20.40
Sunflower oil 7.25 6.50 5.74 5.00 5.20 457 3.89 3.30
Limestone,
pround 1.71 1.75 1.75 1.76 1.68 1.70 1.70 1.72
Mona calcium 1.38 1.39 1.42 1.45 1.00 1.01 1.05 1.07
phosphate
Common salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Premix? 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DL-methionine  0.16 0.18 0.20 021 0.08 0.10 0.11 0.12
L-lysine 0.10 0.19 0.28 0.37 0.19 0.27 0.35 0.42
Total 100 100 100 100 100 100 100 100
Chemical composition (calculated)
ME (Kcal/Kg) 319147 319151 319176 319210 3197.09 3198.85 319731  3200.05
Crude Protein %  23.00 21.85 20.70 19.55 20.00 19.00 18.00 17.00
Calcium % 1.00 1.00 1.00 1.00 0.90 0.90 0.90 0.90
Available 0.45 0.45 0.45 045 035 0.35 0.35 035
phosphorus%
Lysine % 1.30 1.30 1,30 1,30 1.16 1.16 1.16 1.16
Methionine % 0.50 0.50 0.50 0.50 0.38 0.38 0.38 038
EE % 8.80 8.13 7.45 6.79 6.97 6.41 5.80 5.28
CF % 2.83 275 267 2.60 2.66 259 252 2.45

171, control group fed basal diet without supplementation of organic acids ; T2, T3 and T4 were fed on diets with
different protein levels (95% NRC, 90% NRC and 85% NRC) supplemented with organic acids ?Each 1.5 kg contains:
Vit. A, 12000000 1U; Vit. D3, 4000000 1U; Vit. E, 50000 mg; Vit. k3, 4000 mg; Vit. B1, 5000 mg; Vit.B2, 8000mg;
Vit. B6, 5000 mg; Vit. B12, 35 mg; Vit. B3, 70000 mg; selenium, 250 mg; Pantothenic acid, 20000 mg; Folic acid
1000 mg; Biotin, 250 mg; Manganese 100000 mg; Copper, 15000 mg; Iron, 50000 mg; Zinc 50000 mg; Cobalt, 250
mg; lodine, 1500 mg.
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Results
Growth performance

The total feed intake was 4165, 3734,
3732, and 3780 g/bird for T1, T2, T3 and
T4, respectively with no significance
differences between the experimental
groups. The result indicated that starter
(days 1-21) body weight and gain were not
significantly influenced by the addition of
OA to the different protein levels (95%, 90 %
and 85% NRC). However, finisher (days
22-42) body weight and gain were
significantly decreased in OA groups (P <
0.05). So, the birds had a lower final body
weight compared to 100% NRC (control).
Similarly, overall (days 1- 42) body weight
gain was lower in OA supplemented
groups than in the control. Moreover, the
total feed intake of birds fed 95%, 90% and
85% NRC protein diet supplemented with
OA (T2, T3 and T4) were decreased by
431.07, 433.28 and 384.97 g/bird
respectively during the experiment. From
the obtained results, it was clear that the
inclusion of OA to LPD increased FCR
compared with the control one (Table 2).

Carcass traits and meat composition

The supplementation of OA had no
significant effect on carcass traits and
internal organs However, a significant
reduction (P < 0.05) of abdominal fat
content was observed in the OA
supplemented groups by 24 % compared to
control group (Table 3). On the other hand,
there was a significant (P = 0.02) increase
in bursa relative weight in broilers fed OA
supplemented diet (Table 3).

An effect of dietary treatment on meat
cholesterol and triglycerides contents was
clear. The supplementation of OA
significantly (P < 0.05) decreased the
cholesterol content by 2%, 4.7% and 8.4%
in breast meat (Fig. 1A) while 7.5%, 9%
and 12 % in thigh meat (Fig. 1B) of broiler
fed T2, T3 and T4 diets, respectively.
Moreover, the reduction in triglycerides
content was more prominent (P < 0.05) in
both breast (8.29%, 10.62% and 16 %) and
thigh meat (11.4%, 13 % and 18%) of
broiler fed T2, T3 and T4 diets, respectively.

Table 2: Body weight development (g) and weight gain (g) of broilers fed different

experimental diets

Groups!
Item T = T3 Ta SEM P Value
Body weight (g)

0 week (Initial) 39.28 39.28 39.37 40.39 0.78 0.70
3 weeks 755.60 745.27 698.13 695.93 23.44 0.164
6 weeks 2411.67¢  1999.67°  1981.67° 1937.67° 65.72 0.001

Weight gain (g).
0-3 weeks 716.32 705.99 658.76 655.54 22.78 0.138
4-6 weeks 1656.072  1254.40° 1283.54°  1241.74> 4452 0.001
0-6 weeks 2372.397  1960.39°  1942.30° 1897.28"  65.05 0.001
Feed conversion ratio (FCR)
0-3 weeks 1.46 1.52 1.54 1.58
4-6 weeks 1.88 2.12 2.11 221
0-6 weeks 1.76 1.90 1.92 1.99

171, control group fed basal diet without supplementation of organic acids ; T2, T3 and T4 were fed on
diets with different protein levels (95% NRC, 90% NRC and 85% NRC) supplemented with organic

acids

Means within the same row with different superscripts are significantly different (P < 0.05).
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Table 3: Carcass trait and relative weight of immune organs and abdominal fat bad of
broilers fed different experimental diets

1
ltem Sl SEM P value
T1 T2 T3 T4

Hot carcass % 86.70 85.64 86.49 87.48 0.45 0.116
Eviscerated carcass % 70.59 70.94 73.38 72.88 0.97 0.187
Dressed carcass % 74.58 74.92 77.21 76.51 0.98 0.248
Liver % 2.14 2.01 2.10 2.08 0.08 0.660
Heart % 0.49 0.45 0.53 0.49 0.04 0.556
Gizzard % 1.38% 1.4228 1.21° 1.22° 0.05 0.001
Abdominal Fat % 1.522 1.11° 1.11° 1.25% 0.14 0.020
Spleen (%) 0.10 0.10 0.11 0.12 0.01 0.278
Thymus (%0) 0.42 0.51 0.45 0.40 0.05 0.475
Bursa (%0) 0.09° 0.152 0.14° 0.162 0.01 0.025

171, control group fed basal diet without supplementation of organic acids ; T2, T3 and T4 were fed on
diets with different protein levels (95% NRC, 90% NRC and 85% NRC) supplemented with organic
acids. Means within the same row with different superscripts are significantly different (P < 0.05).

& P = 0.001
100 A 1
w -
2 90 ) 1
: 80 - b c
2!)
2 70 - H f
60 = T T T -
T1 T2 T3 T4
B 120 -
0110 - 'l'
&
= 100 - a
= 90 4 ;
d
80 . , . .
T1 T2 T3 T4

M Cholesterol O Triglyceride

Fig. 1. Cholesterol and triglycerides level (mg/100g) of breast (A) and thigh meat (B) of
broilers chicken. T1 control group fed basal diet without supplementation of organic acids;
T2, T3 and T4 were fed on diets with different protein levels (95% NRC, 90% NRC and 85%
NRC) supplemented with organic acids.
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The effect of OA supplementation to
various dietary protein levels (T2, T3, T4)
on the chemical composition of breast and
thigh meat is shown in Table 4. The results
indicated that supplementation of OA has
no effect on DM and ash content of the
breast or thigh meat. On the contrary, the
CP content of breast and thigh meat of birds
fed diets supplemented with OA increased
(P < 0.05) compared to birds fed control diet
(10.66%, 11.71%, and 14.6% and thigh
meat by 9.75%, 11.62 and 15.35% in broiler
fed T2, T3 and T4 respectively, Fig. 2) the
content of EE was dramatically reduced (P
< 0.05) in beast (32.65%, 36.73%, and
44.90%) and thigh meat (23.88%, 29.85%,
and 38.80%) by supplementation of OA in
broiler fed 95%, 90%, and 85% NRC
protein diet respectively compared to
control one.

Blood parameters

No significant (P < 0.05) differences in
serum albumin, A/G ratio, cholesterol, and
triglyceride content in broiler-fed organic
acids were observed Table 5. There was an
increase in serum total protein in T2 and T3
which fed 95% and 90% NRC protein diet,
while there were no significant differences
in total protein for broilers feed 85% NRC
protein diet. Serum globulin increased by
21.76% and 15.88% in broiler-fed organic
acids supplemented by 95% and 90% NRC
protein diet (T2 and T3) respectively. On
the other hand, the obtained data in the
Table 5 showed no significant differences
in the antibody titer of NC virus between
different experimental groups at day 42 of
age.

Table 4: Meat chemical composition (%) of broilers feed different experimental diets

Groups!
Item T1 ) T3 T2 SEM P value
Chemical composition (%) of the breast meat:
DM 26.19 2955 27.00 26.39 1.16 0.225
EE (%DM) 4,902 3.30° 3.0 2.70° 0.14 0.000
Ash (%DM) 3.27 3.80 3.65 4.47 0.58 0.551
Chemical composition (%) of the thigh meat:
DM 26.34 29.70 26.80 2727 1.16 0.247
EE (%DM) 6.702 5.10° 4.70°  4.10¢ 0.12 0.000
Ash (%DM) 4.15 4.76 3.33 381 0.58 0.409

1T1, control group fed basal diet without supplementation of organic acids ; T2, T3 and T4 were fed on diets with
different protein levels (95% NRC, 90% NRC and 85% NRC) supplemented with organic acids. Means within the
same row with different superscripts are significantly different (P < 0.05).

Table 5: Blood biochemical parameters and humeral antibody titers post-Newcastle

vaccination broilers as influenced by different dietary treatment

Groups!
Item T1 T2 T3 T2 SEM P value
Total protein (g/dl) 2.47%¢ 2872 273> 2.30° 0.09 0.009
Albumin (g/dl) 1.13 1.17 1.13 1.07 0.07 0.802
Globulin (g/dl) 1.33° 1.70? 1.60? 1.23° 0.08 0.010
A/G ratio 0.83 0.69 0.73 0.83 0.06 0.311
Cholesterol (mg/dl) 89.25 86.45 89.80 85.47 2.63 0.607
Triglycerides (mg/dl) 77.11 64.99 58.14 57.90 7.56 0.307
Antibody titer? 5.00 6.00 5.00 5.00 0.29 0.095

1T1, control group fed basal diet without supplementation of organic acids ; T2, T3 and T4 were fed on diets with
different protein levels (95% NRC, 90% NRC and 85% NRC) supplemented with organic acids. 2Humeral
antibody titers post-Newcastle vaccination. Means within the same row with different superscripts are significantly

different (P < 0.05).
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Fig. 2. Crude protein (CP % of DM) of breast and thigh meat of broilers chicken. T1
control group fed basal diet without supplementation of organic acids; T2, T3 and T4 were fed
on diets with different protein levels (95% NRC, 90% NRC and 85% NRC) supplemented with

organic acids.

Discussion

The importance of OA in livestock and
poultry production has already been
discussed (Khan et al., 2016; Gadde et al.,
2017; Liu et al., 2018). However, the effect
of OA on growth performance (Stamilla et
al.,, 2020; Dai et al., 2021), immune-
antioxidant ability (Emami et al., 2017,
Choi et al.,, 2020), intestinal function
(Kumar et al., 2020; Saleem et al., 2020),
and intestinal microbiota of poultry (Sabour
et al., 2019) were the focus of all previous
studies. Dietary supplementation of OA is
definitely useful to broiler health and
productivity. Such beneficial impacts can
be ascribed to a decrease in buffering
capacity and enhancement of nutrient
digestibility and also acidification of feed
which in turn lower intestinal pH that acting
as barrier against pathogens susceptible to
low pH (Ghazalah et al., 2011). However,
limited literature understands the effect of
OA supplementation during feeding LPD.
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The present study deepened the knowledge
of how OA supplementation in LPD affect
broilers performance and immune response.
In our findings, weight gain was not
influenced by CP level only during starter
phase which was similar to previous studies
(Ravangard et al., 2017). On the other hand,
feeding LPD did not improve weight gain
or FCR during the grower-finisher phase.
Thus, the deleterious effect of LPD on
broiler performance appeared on grower-
finisher phase. It is known that the intestinal
function improves as the body grows
leading to improvement of the digestibility
and absorption of different nutrients thus
improving broiler growth performance (Ma
etal., 2021). One of the possible reasons for
the reduction in performance at LPD is
insufficient synthesis of non-essential
amino acids to fulfill the need of fast-
growing broilers (Ravangard et al., 2017).
Although OA is known to enhance the
weight gain and FCR in broiler chicken
during the growing and final phases (Ma et
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al., 2021), this effect was absent in the
current study. The reason could be
attributed to using uncoated OA which is
readily digested (Sugiharto, 2016) and thus
could not effectively modulate the intestinal
microflora and mucosal morphology in
chickens (Hu and Guo 2007). These results
suggest that OA supplementation OA could
not overcome the adverse effect of LPD.

Our major key findings emphasize the
efficacy of OA supplementation in
reduction of abdominal fat during feeding
LPD. Although feeding with LPD would
increase lipogenesis in the liver of the birds,
thereby caused in more liver weight and
hence more abdominal fat deposition
(Swennen et al., 2006), such an effect was
not observed in the current study. The
explanation probably lies in the fact that
acidification of diets might stimulate
glycogenesis by increasing the influx of
glucose  6-phosphate into  glycogen
synthesis pathway (Hossain and Nargis
2016). In addition, this reduction in
abdominal fat might be due to elevated
serum triiodothyronine hormone
concentration (Abdel-Fattah et al. 2008).
This underlines a persisting effect and a
strong implication of wusing OA for
preventing the adverse effect of feeding
LPD.

Because high fat intake is closely
linked to increased risk of cardiovascular
disease in humans, the level of cholesterol
and triglycerides in meat should be
considered as indicator for health
parameters. In the current study, diets
supplemented with OA decreased fat
percentage in breast and thigh muscles. The
reduction in fat percentage in meat could be
correlated with the decrease in abdominal
fat (Hossain and Nargis 2016; Khan and
Igbal, 2016; Lakshmi et al., 2016)). In line
with our observations the acidification of
the diet (either normal or LPD) increased
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meat protein percentage (Abd El-haliem et
al., 2018) reflecting improved protein
availability in these birds. Customers
nowadays are focusing on minimizing
cholesterol intake in order to reduce the risk
of heart disease. In an effort to generate
low-cholesterol poultry meat, researchers
have investigated a number of nutritional
supplements. However, knowledge about
alternative production methods that can
help reach this goal is yet limited. In the
current study, cholesterol and triglycerides
level was lower in all groups receiving OA
than that of the control group. This result
was in harmony with that found by
Kalafova et al. (2014) and Elbaz et al. (2021)
who recorded a numerical decreased in
serum triglycerides in the citric acid group
when compared with the control group.

The serum cholesterol, total protein
and albumin levels were not affected by OA
supplementation. These results are in
harmony with Sugiharto et al. (2019) and
Galli et al. (2021). Additionally, a higher
serum globulin level than the control could
indicate that broiler chickens fed acidified
diets had a better immune response
(Ghazalah et al., 2011). In contrast,
Sugiharto et al. (2019) found that formic
acid did not significantly affect serum
globulin. The variance is most likely due to
differences in  the content and
concentrations of mixed OA. Regarding the
effect of LPD on antibody titer against ND
virus, Zeng et al. (2015) reported that
broilers fed diets containing 16.81% or
lower CP had lower ND antibody titer. The
authors reported that the minimum dietary
CP requirement of broilers from 22 to 42
days of age was suggested as 17.63%. In
contrast, Rao et al. (2011) demonstrated
that antibody titers against ND virus were
not affected by the reduction in CP level in
the diet. Overall, the effect of OA
supplementation on blood biochemical
parameters and antibody titers against ND
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virus is inconsistent among studies, which
might be partially related to composition
and concentration of OA as well as
differences in experimental design.

Conclusion

In conclusion, adding OA improved
immune response through increased serum
globulin, and an increase in bursa relative
weight of broilers. Moreover, the addition
of OA to broiler fed 95%, 90% and 85%
NRC CP has no beneficial effect on growth
parameters and carcass traits but improves
broiler immunity and produces healthy
poultry products to the consumers.

Funding statement
None to be declared.

Conflict of interest statement

None to be declared.

References

Abd EL-Haliem HS, Attia FA, Saber HS
and Hermes IH (2018). Effect of
dietary levels of crude protein and
specific organic acids on broilers
performance. Egyptian Journal of
Animal Production. 55(1): 15-27.

Abdel-Fattah SA, El-Sanhoury MH, El-
Mednay NM and Abdel-Azeem F
(2008). Thyroid activity, some
blood constituents, organs
morphology and performance of
broiler chicks fed supplemental
organic acids. International journal
of poultry science. 7(3): 215-222.
E.

Adil S, Banday T, Bhat GA, Mir MS and
Rehman M (2010). Effect of dietary
supplementation of organic acids
on performance, intestinal

40

histomorphology, and  serum
biochemistry of broiler chicken.
Veterinary Medicine International.
2010:479485.

Afrose S, Hossain MS, Maki T and Tsujii
H (2009). Karaya root saponin
exerts a  hypocholesterolemic
response in rats fed a high-
cholesterol diet. Nutrition research,
29(5): 350-354.

AOAC (2011). Official methods of
analytical chemist. 18th ed.
Gaithersburg (MA):  AOAC

International.

Arshad MS, Anjum FM, Khan MI, Saeed
F, Imran A and Sohaib M (2016).
Manipulation of natural
antioxidants in feed to enhance the
oxidative stability and quality of
broiler breast meat and nuggets.
Journal of Food Processing and
Preservation 41: 1: e12849.

Awad EA, Zulkifli I, Soleimani AF and
Loh TC (2015). Individual non-
essential amino acids fortification
of a low-protein diet for broilers
under the hot and humid tropical
climate. Poultry Science. 94: 2772-
2777.

Beski SSM, Swick RA and lji PA (2015).
Specialized protein products in
broiler chicken nutrition: a review.
Animal Nutrition. 1: 47-53

Bligh EG and Dyer WJ (1959). A rapid
method of total lipid extraction and
purification. Canadian journal of
biochemistry and  physiology.
37(8): 911-917.

Cheeke PR (2005). Livestock feeds and



Abdel-Raheem et al., 2022

SVU-WVS, 5 (2): 31-44

Cheng

Choi J,

Dai D,

feeding. 3rd ed. Upper Saddle
River, New Jersey:

TK, Hamre ML, and Coon CN
(1997). Responses of broilers to
dietary protein levels and amino
acid supplementation to low protein
diets at wvarious environmental
temperatures. Journal of Applied
Poultry Research. 6:18-33.

Wang L, Liu S, Lu P, Zhao X, Liu
H, Lahaye L, Santin E, Liu S,
Nyachoti M and Yang C (2020).
Effects of a microencapsulated
formula of organic acids and
essential  oils  on  nutrient
absorption, immunity, gut barrier
function, and abundance of
enterotoxigenic Escherichia coli F4
in weaned piglets challenged with
E. coli F4. Journal of Animal
Science. 98.

Qiu K, Zhang H-j, Wu S-g, Han Y-
m, Wu Y-y, Qi G-h and Wang J
(2021).  Organic  acids  as
alternatives for antibiotic growth
promoters alter the intestinal
structure and microbiota and
improve the growth performance in
broilers. Frontiers in Microbiology.
11: 618144.

Dalle Zotte A, Celia C and Szendrd Z

(2016). Herbs and spices inclusion
as feedstuff or additive in growing
rabbit diets and as additive in rabbit
meat: a review. Livestock Science.
189: 82-90.

Dittoe DK, Ricke SC and Kiess AS (2018).

Organic acids and potential for
modifying the avian
gastrointestinal tract and reducing

pathogens and disease. Frontiers in
Veterinary Scieince.5: 216.

Elbaz AM, Ibrahim NS, Shehata, AM,

Mohamed NG and Abdel-Moneim
AME (2021). Impact of multi-strain
probiotic, citric acid, garlic powder

or  their  combinations  on
performance, ileal
histomorphometry, microbial
enumeration and humoral
immunity of broiler

chickens.Tropical Animal Health
and Production. 53(1): 1-10.

Emami NK, Daneshmand A, Naeini SZ,

FAO

Graystone EN and Broom LJ
(2017). Effects of commercial
organic acid blends on male
broilers challenged with E-coli
K88: Performance, microbiology,
intestinal morphology, and immune

response. Poultry Science. 96:
3254-3263.
(2013). Dietary protein quality

evaluation in human nutrition: a
report of an FAO Expert
Consultation, 31 March-2 April,
2011, Auckland, New Zealand.
Food Nutr. Pap. 92, Food Agric.
Organ., United Nations, Rome.
http://www.fao.org/ag/humannutrit
ion/35978-
02317h979a686a57aa4593304ffcl
7f06.pdf

Gadde U, Kim WH, Oh ST and Lillehoj HS

(2017). Alternatives to antibiotics
for maximizing growth
performance and feed efficiency in
poultry: A review. Animal Health
Research Reviews. 18: 26-45.

Galli GM, Aniecevski E, Petrolli TG, da


http://www.fao.org/ag/humannutrition/35978-02317b979a686a57aa4593304ffc17f06.pdf
http://www.fao.org/ag/humannutrition/35978-02317b979a686a57aa4593304ffc17f06.pdf
http://www.fao.org/ag/humannutrition/35978-02317b979a686a57aa4593304ffc17f06.pdf
http://www.fao.org/ag/humannutrition/35978-02317b979a686a57aa4593304ffc17f06.pdf
https://www.cambridge.org/core/journals/animal-health-research-reviews
https://www.cambridge.org/core/journals/animal-health-research-reviews

Abdel-Raheem et al., 2022

SVU-WVS, 5 (2): 31-44

Rosa G, Boiago MM, Simdes CA
and Da Silva AS (2021). Growth
performance and meat quality of
broilers fed with microencapsulated
organic acids. Animal Feed Science
and Technology. 271, 114706.

Ghazalah AA, Atta AM, Elkloub K,

Moustafa MEL and Riry FHS
(2011). Effect of  dietary
supplementation of organic acids
on performance, nutrients
digestibility and health of broiler
chicks. International Journal of
Poultry Science. 10(3):176-184.

Ghazalah AA, Atta AM, Elkloub K,

Moustafa MEL and Riry FHS
(2011).  Effect of  dietary
supplementation of organic acids
on performance, nutrients
digestibility and health of broiler
chicks. International Journal of
Poultry Science. 10: 176-184.

Hossain ME and Nargis F (2016).

Supplementation of organic acid
blends in water improves growth,
meat yield, dressing parameters and
bone development of
broilers. Bangladesh  Journal of
Animal Science. 45(1): 7-18.

Hu Z and Guo Y (2007). Effects of dietary

sodium butyrate supplementation
on the intestinal morphological
structure, absorptive function and
gut flora in chickens. Animal Feed
Science and Technology. 132(3-4):
240-249.

Kalafova A, Capcarova M, Hrncar C,

Petruska P, Tusimova E, Kopecky J
and Weis J (2014). Metabolic effect
of citric acid in  broiler

42

chickens. Journal of Microbiology,
Biotechnology and Food
Sciences. 3(Special Issue 2): 110-
112.

Khan SH and Igbal J. (2016). Recent

advances in the role of organic
acids in poultry nutrition. Journal of
applied animal research. 44(1):
359-369.

Kocher A, Canolly A, Zawadzki J and

Gallet D (2004). The challenge of
finding alternatives to antibiotic
growth promoters. International
Society for Animal Hygiene-Saint
Malo. 227-229.

Kumar F, Tyagi PK, Mir NA, Dev K,

Begum J, Biswas A, Sheikh
SA Tyagi PK, Sharma D, Sahu B,
Biswas Ak, Deo C and Mandal AB
(2020). Dietary flaxseed and
turmeric is a novel strategy to
enrich chicken meat with long
chain omega-3 polyunsaturated
fatty acids with better oxidative
stability and functional properties.
Food Chemistry. 305: 125458.

Lakshmi KV, Reddy AR, Sunder GS and

Reddy YN (2016). Dietary
supplementation of propionic acid,
butyric acid or antibiotic and their
influence on the performance,
carcass parameters and immune
response in broiler. Indian Journal
of Poultry Science. 51(2), 159-163.

Lakshmi KV, Reddy AR, Sunder GS and

Reddy YN (2016). Dietary
supplementation of propionic acid,
butyric acid or antibiotic and their
influence on the performance,
carcass parameters and immune


https://www.sciencedirect.com/science/journal/03088146

Abdel-Raheem et al., 2022

SVU-WVS, 5 (2): 31-44

response in broiler. Indian Journal
of Poultry Science. 51(2), 159-163.

Liu Y, Espinosa CD, Abelilla JJ, Casas
GA, Lagos LV, Lee SA, Kwon
WB, Mathai JK, Navarro DMDL,
Jaworski NW and Stein HH (2018).
Non-antibiotic feed additives in
diets for pigs: A review. Animal
Nutrition. 4:113-125

Ma J, Wang J, Mahfuz S, Long S, Wu D,
Gao J and Piao X (2021).
Supplementation of Mixed Organic
Acids Improves Growth
Performance, Meat Quality, Gut
Morphology and Volatile Fatty
Acids of Broiler Chicken. Animals.
11: 3020.

Ma J, Wang J, Mahfuz S, Long S, Wu D,
Gao J and Piao X (2021).
Supplementation of Mixed Organic
Acids Improves Growth
Performance, Meat Quality, Gut
Morphology and Volatile Fatty
Acids of Broiler Chicken. Animals.
11: 3020.

Mousa MAM. (2018). Evaluation of using
propionic acid and live yeast in
diets low in protein and energy on

broiler performance. Egyptian
Poultry Science Journal. 38(3):
797-814.

Naeemi ED, Ahmad N, Al-SharrahTK and
Behbahani M (1995). Rapid and
simple method for determination of
cholesterol in processed food.
Journal of AO0AC international.
78(6): 1522-1524.

Nieto G and Ros G (2012). Modification of
fatty acid composition in meat
through diet: effect on lipid

43

peroxidation and relationship to
nutritional quality - a review. Pages
239-258 in Lipid Peroxidation.Vol
12. IntechOpen, London, UK.

NRC (1994). Nutrient Requirements of
Poultry. National Academy Press,
Washington, USA.

OIE (2013). World Organisation for
Animal  Health, Manual of
diagnostic tests and vaccines for
terrestrial animals. 7th ed. Paris.
1404 p. Pearson Prentice Hall

Ramigani VR, Ramana JV, Rao DS,
Shakila S and Suresh J. (2017).
Effect of dietary supplementation
of organic acids in combination on
performance and carcass traits of
broiler chicken. Animal Nutrition
and Feed Technology. 17(1): 181-
187.

Ravangard AH, Houshmand M, Khajavi M
and Naghiha R (2017).
Performance and cecal bacteria
counts of broilers fed low protein

diets with and without a
combination of probiotic and
prebiotic. Brazilian Journal of

Poultry Science. 19: 75-82.

Roth N, Kasbohrer A, Mayrhofer S, Zitz U,
Hofacre C and Domig KJ (2019).
The application of antibiotics in
broiler production and the resulting
antibiotic resistance in Escherichia
coli: A global overview. Poultry
Science. 98: 1791-1804.

Sabour S, Tabeidian SA, Sadeghi G
(2019). Dietary organic acid and
fiber sources affect performance,
intestinal morphology, immune
responses and gut microflora in


https://pubmed.ncbi.nlm.nih.gov/?term=Stein+HH&cauthor_id=30140751

Abdel-Raheem et al., 2022

SVU-WVS, 5 (2): 31-44

broilers. Animal Nutrition. 5: 156-
162.

Saleem K, Saima Rahman A, Pasha TN,
Mahmud A and Hayat Z (2020).
Effects of dietary organic acids on
performance, cecal microbiota, and
gut morphology in broilers.
Tropical Animal Health and
Production. 52: 3589-3596.

Samanta S, Haldar S and Ghosh TK
(2010). Comparative efficacy of an
organic acid blend and bacitracin
methylene disalicylate as growth
promoters in broiler chickens:
effects on performance, gut
histology, and small intestinal
milieu.  Veterinary  medicine
international. 2010.

Stamilla A, Messina A, Sallemi S,
Condorelli L, Antoci F, Puleio R,
Loria GR, Cascone G and Lanza M
(2020). Effects of
microencapsulated  blends  of
organics acids (OA) and essential
oils (EO) as a feed additive for
broiler chicken. a focus on growth
performance, gut morphology and
microbiology. Animals. 10: 442.

Sugiharto S (2016). Role of nutraceuticals
in gut health and growth

performance of poultry. Journal of
the Saudi Society of Agricultural
Sciences. 15(2): 99-111.

Sugiharto S, Yudiarti T, Isroli I, Widiastuti
E, Wahyuni HI, Sartono TA and
Al-Baarri AN (2019). Effect of
dietary supplementation of formic
acid, butyric acid or their
combination on carcass and meat
characteristics of broiler chickens. J
Indonesian Trop Anim Agric. (44):
286-294.

Suiryanrayna MV and Ramana JV (2015).
A review of the effects of dietary
organic acids fed to swine. Journal
of animal science and
biotechnology. 6(1): 1-11.

Waseem Mirza M, Rehman ZU and
Mukhtar N (2016): Use of organic
acids as potential feed additives in
poultry production. Journal of
World's Poultry Research. 6(3):
105-116.

Zeng X, Li X, Hu Y, Wen Q, Zhao L,
Zhang L and Luo X (2015). Dietary
crude protein requirement of
broilers from 22 to 42 days of age.
Chinese  Journal of  Animal
Nutrition. 27(8): 2534-2543.

44


https://link.springer.com/journal/11250
https://link.springer.com/journal/11250

