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ABSTRACT: This study investigated the impact of glutamate on growth, haematological and serum indices of 5 ? ? =2 ﬁ
broiler chickens in hot tropical environments (> 30°c). One-hundred-and-sixty-day old Arbor acre male broiler g g2 2w
chicks were randomly allotted into four dietary treatment groups of four replicates having 10 chicks per 3 : 2 g g
replicate in a completely randomized design. Dietary treatments groups contain different inclusion levels of § % g g <:'l;
glutamate (basal diet + 0%, 0.3%, 0.6% and 0.9% glutamate (G), in an open sided pen). The experiment % g NE E
lasted for seven weeks during which data were collected on growth, heamatological and serum indices. g2 03 >
Result showed birds fed diet containing 0.9% G at the starter phase had (P < 0.05) increased feed intake é 3 § § 3
compared to other treatment groups. Inclusion of 0.6% G at the finisher phase (P < 0.05) improved final I § E o
weight and weight gain in birds compared to 0.3% G group. Best feed conversion ratio (P < 0.05) was § o o1 E

obtained from birds fed diet containing 0.6% G compared to birds on 0.3% and 0.9% inclusion. Inclusion of
0.6% G at the starter phase (P < 0.05) improved total protein. Increased mean corpuscular haemoglobin (P <
0.05) was obtained from birds on 0.6% G compared to lower mean values obtained from birds on 0.3% G.
The study concluded that inclusion of glutamate in the diet of broiler chickens at 0.6% improved final weight,
weight gain and feed conversion ratio without causing any adverse effect on blood indices of broiler chickens
as glutamate increased serum protein and mean corpuscular haemoglobin of broiler chickens.
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INTRODUCTION

Feed additives used in poultry industry that provide essential nutrients, increase palatability of the feed, improve growth
performance and ensure efficient feed utilization. Broiler chickens with high genetic potentials need to maintain good
immune functions in order to achieve their genetic potentials. The use of suitable and quality feed additives is important
in the poultry industry in order to enhance bird genetic potentials, maintain immune functions, mitigate effect of stress
and ensure balance in gut environment (Adedokun and Olojede 2019).

With increasing industry standards and consumer awareness as well as demand for healthy food products of animal
origin, there is an increased awareness for alternatives than the conventional feed additives used in animal feed products
(Pandey et al., 2019). Higher feed efficiency and profitability are essential in broiler production. Heat-stressed broilers
have higher glutamate requirement, hence supplementing with glutamate or its decarboxylated derivatives (y-GABA) can
enhance the intestinal morphology and survival rate in heat-stress conditions (Porto et al., 2015; Zhong et al., 2020). This
has necessitated the search for additional feed additives that can enhance growth for livestock, reduce impact of different
stressors and protect cells against oxidative damage in tropical environment. Monosodium glutamate, according to
(Young and Ajami, 2000), is a feed additive that can improve growth rate and enhance immune system in broiler
chickens. Glutamate functions as a constituent of proteins, a substrate in the synthesis of amino acids and a precursor to
several nonessential amino acids which helps the metabolism. Monosodium glutamate is the sodium salt of glutamic
acid and the main component of many proteins (Tawfik and AlBadr, 2012).

Inclusion of glutamate in the feed as feed additive was reported to improve performance by improving the quality of
small intestine for better nutrient utilization and enhancing immune system function (Maslami et al., 2019). Glutamate in
temperate environment has proven to mitigate heat stress and enhance oxidative defenses by protecting cells from
oxidative damage which in turn enhance growth performance (Olubodun et al., 2015). Broiler production in tropics has
been characterized by different stressors which restrict growth, result in economic losses and comprise immune status of
the birds.
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Therefore, there is need to investigate the use of glutamate in tropical environment where different stressors prevent
broilers from achieving their genetic potentials. Thus, this study aims to evaluate the influence of glutamate on growth
performance, haematological and serum indices of broiler chickens in tropical environment.

MATERIALS AND METHODS

The experiment was carried out at the poultry unit of the teaching and research Farms, Federal University of Agriculture,
Abeokuta, Ogun State. It lies on Latitude 7 10’ N and Longitude 3 2’E, it is 76 metres above sea level and located in the
tropical rainforest vegetation zone with an average temperature of 34.7C and relative humidity of 82% (Google-Earth,
2023).

Source of test ingredients
Glutamate was sourced from a market in Abeokuta metropolis Ogun State Nigeria. The brand name of the Glutamate
was VEDAN. The monosodium glutamate was kept in an air-tight container before usage.

Experimental animals and management

A total number of 160 day-old Arbor acre broiler chicks were purchased from a reputable hatchery in Ibadan, Oyo
State. Prior to the arrival of the chicks, the pens were cleaned and disinfected thoroughly with a disinfectant. The chicks
were assigned to four dietary treatment groups of four replicates each having ten chicks per replicate in a completely
randomized design. Dietary inclusion of the test ingredient (glutamate) commenced at the beginning of the experiment.
Routine vaccination and medication were administered to the birds according to routine procedures while, feed and water
were provided ad libitum

Experimental diet and design

Birds were fed with Commercial starter mash between day one to 28 days. The starter diet contains (2900 kcal/kg
Metabolizable Energy, 23% crude protein while, the finisher diet was given from 29 days to the end of the experiment
(2600 kcal/kg Metabolizable Energy, 20% crude protein. Both diets contain different inclusion levels of monosodium
glutamate at (0%, 0.3%, 0.6% and 0.9%). The treatment groups were arranged thus, Treatment 1: Control diet without
glutamate, treatment 2: Control diet + 0.3% Glutamate, treatment 3: Control diet + 0.6% Glutamate, treatment 4: Control
diet + 0.9% Glutamate. The experiment lasted for a period of seven weeks.

Feed intake
Feed intake was recorded weekly, the leftover of the feed was subtracted from total feed given to the birds and
expressed as Feed intake (kg) = Total feed given (kg) - Feed leftover (kg)
Total feed intake
Number of birds in the replicate

Average feed intake =

Weight gain
Birds were weighed on weekly basis throughout the experimental period. The body weight gain was calculated by
subtracting initial body weight from the final body weight. Weight gain = Final body weight - Initial body weight.

Feed conversion ratio
This was calculated by the feed intake divided by weight gain.

Feed intake (%)

Weight gain (%)

Water intake
Water intake was recorded daily as Water intake = Total volume of water given (ml) — Volume of water left (ml).

Mortality
Mortality was recorded as number of dead birds divided by the number of birds stocked and expressed in percentage.
Total number of dead birds

Mortality (%) = - x100
Total number of birds stocked

Blood collection
Blood samples were collected randomly from two birds across treatments groups making a total of 32 samples.
Blood samples were collected on the 28t and 49t day of the experiment for haematological and serum biochemical
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indices. Blood was collected through the brachial vein with a disposable syringe. 5 ml of blood was collected from each
bird, 3ml was dispensed into well labeled sterile anticoagulant bottles for hematological indices while, 2ml of the blood
was dispensed into well labeled plain bottle for serum biochemical indices.

Determination of haematological indices

The Packed cell Volume and Haemoglobin were determined using microhematocrit and cyanmethemoglobin
methods respectively as outlined by Jain (1986). Red blood cells count was determined using haemocytometry method
has outlined by Jain (1986). White blood cell was determined using Neubauer counting chamber according to Jain (1986).
The Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and the mean corpuscular haemoglobin
concentration were calculated using standard formulae (Samour 2015).

Statistical analysis

All data collected were subjected to one-way Analysis of Variance (ANOVA) in a Completely Randomized Design (CRD)
using (SAS, 2012). Significant (P<0.05) different means were separated using Duncan multiple range test of the same
statistical package. The statistical model was: Yij = y + Ti + Y ij

Where; Yij = Observed mean value; y = Population mean; Ti = Effect of glutamate levels; Y ij = Random residual error.

RESULTS

Performance of broiler chickens fed diet containing glutamate at starter phase is shown in table 1. Inclusion of glutamate
in the diet of broiler birds had no significant (P > 0.05) effect on all performance parameters measured except total feed
intake and daily feed intake that was significantly (P < 0.05) influenced by the inclusion of glutamate in the diet.
Significantly (P < 0.05) higher feed intake and daily feed intake was observed in birds fed diet containing 0.9% glutamate
compared to lowest mean value recorded for the control groups. Numerically higher final weight and weight gain were
observed in birds fed diet containing 0.3% glutamate than mean values obtained from birds across the dietary treatment
groups. Performance of broiler chickens fed diet containing monosodium glutamate at finisher phase is shown in table
2.Inclusion of glutamate in diet of broiler chickens significantly (P < 0.05) influenced final weight, weight gain and feed
conversion ratio. While, all other parameters measured are not significantly (P > 0.05) influenced. Highest final weight
and weight gain was observed from groups 0.6% glutamate compared to lowest final weight and weight gain observed
from groups fed 0.3% glutamate. Numerically higher feed intake was observed in groups fed 0.90% glutamate than
lowest feed intake obtained in groups fed 0.3%glutamate. Best feed conversion ratio was observed in birds fed diet
containing 0.6% glutamate than poorer and higher feed conversion obtained from birds fed diet containing 0.3% and
0.9%. The effect of glutamate on the hematological parameters of broiler chickens at the starter phase is shown in table
3. There were no significant (P > 0.05) differences obtained on all the parameters measured except eosinophil and
lymphocyte. Significantly higher (P < 0.05) eosinophils and lymphocyte count was observed from groups fed diet
containing 0.6% monosodium glutamate compared to significantly (P < 0.05) lowered eosinophils and lymphocytes count
observed for the control groups. The effect of glutamate on serum biochemistry indices of broiler chickens at the starter
phase is shown in table 4. There were no significant (P > 0.05) differences obtained on all the parameters measured
except for total protein. Significantly (P < 0.05) higher total protein was observed in groups fed 0.6% monosodium
glutamate than lowered mean values observed in groups fed 0.3% and 0.9% monosodium glutamate. The effect of
glutamate on haematological parameters of broiler chickens at finisher phase is shown in Table 5. Significant differences
(P > 0.05) were observed in all the parameters measured except for mean corpuscular haemoglobin that was significantly
influenced by the inclusion of glutamate. Significantly (P < 0.05) higher mean corpuscular haemoglobin was observed in
groups fed 0.6% compared to lowered mean values obtained from birds fed 0.3% glutamate. The effect of glutamate on
serum biochemistry indices of broiler chickens at finisher phase is shown in table 6. There were no significant differences
(P > 0.05) observed in all parameters measured except for Aspartate aminotransferase. Significantly (P<0.05) higher
aspartate aminotransferase was observed in the control groups compared to significantly lowered mean values observed
from groups fed 0.3% and 0.6%, respectively.

Table 1 - Effect of glutamate on performance of broiler chickens at starter phase.

Inclusion level 0% 0.3% 0.6% 0.9% SEM  P-alue

Parameters

Initial weight (g) 45.55 44.45 45.60 48.27 0.79 0.40
Final weight (g) 1096.11 1172.50 1145.56 1155.83 20.63 0.64
Weight gain (g) 1050.56 1128.05 1099.56 1107.56 20.22 0.62
Total feed intake/bird (g) 1945.28b 2025.50ab 2078.63ab 2195.63a 36.54 0.04
Daily feed intake/bird/day (g) 69.47v 73.302b 74.242b 78.42a 1.31 0.01
Feed conversion ratio 1.87 1.82 1.89 1.98 0.04 0.21
Total water intake (l) 42.71 43.54 4.61 42.53 42.82 0.08
Water intake/bird (1) 4.38 4.35 461 4.63 63.96 0.16
Mortality rate 0.25 (0} 0.25 0.75 0.15 0.38

ab Means values in the same row with different superscript differ significantly (P<0.05); SEM: Standard Error of Mean

373



Online J. Anim. Feed Res., 15(6): 371-377.

Table 2 - Effect of glutamate on performance of broiler chickens at finisher phase.

Inclusion level

0% 0.3% 0.6% 0.9% SEM P-value

Parameters

Initial weight (g) 1096.11 1172.50 1145.56 1155.83 20.63 0.64
Final weight (g) 2126.94ab 2105.00v 2286.112 2162.78z20 41.46 0.04
Weight gain (g) 1030.84ab 932.5b 1140.552 1006.953b 30.44 0.01
Total feed intake/bird (g) 2995.50 2862.50 2998.33 3085.31 44.57 0.39
Daily feed intake/bird/day (g) 149.77 143.12 149.92 154.27 2.23 0.02
Feed conversion ratio 2.91ab 3.062 2.65p 3.062 0.07 0.02
Total water intake (1) 60.18 59.72 60.96 60.96 444.81 0.27
Water intake/bird (I) 6.18 5.97 6.26 6.36 83.47 0.44
Mortality rate (0} (0} (0} (0] 0 0

ab Means values in the same row with different superscript differ significantly (P<0.05); SEM: Standard Error of Mean

Table 3 - Effect of Glutamate on the hematological parameters of broiler chickens at starter phase.

o Treatment ¢ ntrol 0.3% G 0.6% G 0.9% G SEM P-value
arameters

Packed cell volume (%) 27.50 27.00 27.50 23.00 1.01 0.23
Haemoglobin (g/dl) 9.20 9.00 9.20 7.65 0.37 0.21
Red blood cells (x109/L) 3.41 4.28 411 2.42 0.36 0.11
White blood cells (x109/L) 14.76 24.00 16.25 0.02 54.98 0.22
Lymphocytes (%) 84.50 65.00 82.50 100.00 6.45 0.11
Neutrophil 29.50 30.50 30.50 32.00 0.46 0.11
Monocytes (%) 1.00 2.50 1.50 1.50 0.26 0.08
Eosinophil (%) 1.00p 2.002p 2.502 2.00ab 0.23 0.04
Lymphocytes (%) 2.83p 3.563b 4.072 3.80ab 0.20 0.03
Mean corpuscular volume (%) 94.10 93.90 92.90 92.15 0.44 0.19
Mean corpuscular hemoglobin (g/1) 29.07 21.01 27.74 32.95 0.24 0.14

abe; Means values in the same row with different superscript differ significantly different at P<0.05.

Table 4 - Effect of glutamate on the serum biochemistry of broiler chickens at starter phase.

o Treatment ¢ trol 0.3% G 0.6% G 0.9% G SEM Pvalue
arameters

Albumin (g/dl) 151 136 164 133 0.31 0.45
Cholesterol (mg/dl) 60.30 76.65 57.16 35.01 10.79 0.24
AST (U/L) 32.52 29.95 30.57 30,24 3.75 0.08
ALT (U/L) 7.54 11.07 12.85 12.05 0.94 0.07
Total protein (g/dl) 2.89ab 2.41b 3.88¢ 2.73b 0.23 0.04
Globulin (g/dl) 1.39 1.06 1.09 1.40 0.13 0.49
Glucose (mg/dl) 58.57 85.57 86.48 88.13 7.59 0.06
Creatinine 0.29 0.50 0.40 0.66 0.87 0.24

abe: Means with different superscript are significantly different at P<0.05. AST:Aspartate aminotransferase; ALT: Alanine aminotransferase

Table 5 - Effect of Glutamate on the hematological parameters of broiler birds at finisher phase.

LLCEHCIS Control 0.3% G 0.6% G 0.9% G SEM Pvalue

Parameters

Packed cell volume (%) 31.50 31.00 30.00 31.00 0.72 0.59
Haemoglobin (g/dl) 10.30 10.00 10.10 10.10 0.20 0.71
Red blood cells (x109/L) 3.13 311 3.02 3.12 0.81 0.73
White blood cells (x109/L) 15.77 15.50 15.50 14.02 0.85 0.29
Lymphocytes 65.50 68.00 69.00 66.00 0.74 0.15
Neutrophil 27.00 25.00 25.00 28.00 0.75 0.24
Monocytes (%) 3.50 3.00 1.50 3.00 0.13 0.09
Eosinophil (%) 2.50 3.50 4.00 3.00 0.56 0.48
Basophil 0.50 0 0 (0] 0.13 0.24
Mean corpuscular haemoglobin (g/1) 33.1520 30.30° 33.782 32.41ab 0.58 0.04

abe; Means with different superscript are significantly different at P<0.05.
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Table 6 - Effect of glutamate on the serum biochemistry of broiler chickens at finisher phase

Parameters AL Control 0.3% G 0.6% G 0.9% G SEM P-value
Albumin (g/dl) 142 148 144 138 0.08 0.74
Cholesterol (mg/dl) 38.03 34.42 38.11 30.32 3.69 0.58
AST(U/L) 50.75 32.100 33.03b 43.56% 3.36 0.03
ALT (U/L) 2.08 2.24 3.92 7.04 0.96 0.10
Total Protein(g/dl) 2.71 2.54 2.60 2.45 0.06 0.22
Globulin (g/dl) 118 1.01 147 1.07 0.09 0.65
Glucose (mg/dl) 152.38 132,61 134.44 193.48 0.2 0.42
Creatinine 0.75 0.90 071 0.85 0.52 0.31

abe: [Mleans with different superscript are significantly different at p<0.05. AST:Aspartate aminotransferase; ALT: Alanine aminotransferase

DISCUSSION

Higher feed intake observed at the starter phase in groups fed 0.9% glutamate could be attributed to flavor enhancing
attributes of glutamate as it has been reported that glutamate have flavoring enhancing attributes which influences feed
intake, this result affirms the attributes of glutamate as a food enhancer. This result agrees with the findings of Khadiga
et al. (2009) that reported increased feed intake in chicks fed 1% monosodium glutamate. This result is also in tandem
with the findings of Maslami et al. (2019) who reported significant difference in feed intake of broiler chickens fed dietary
monosodium glutamate inclusion. Research findings by Gbore et al. (2016) also aligns with this studies that increased
feed intake in response to an increased level of monosodium glutamate among female rabbits showed that monosodium
glutamate is capable of enhancing feed palatability which in turn influences appetite positively and induces weight gain,
which has been linked with stimulation of the sensory receptors (Moore, 2003).

Highest final weight observed at the finisher phase in groups fed 0.6% glutamate might be attributed to better
nutrient absorption and utilization at this inclusion level of the additive as a result of improved feed intake, since
glutamate has capability of improving intestinal conditions by increasing the villi length and increasing the intestinal
integrity (Reeds et al., 2000; Newsholme et al., 2003). This result corroborates the findings of Olarotimi and Adu (2022)
that reported heavier final weight in broiler chickens fed diet containing 0.5% monosodium glutamate. Highest weight
gain observed in groups fed 0.6% glutamate might be attributed to better nutrient absorption and improved digestion that
improved weight gain as a result of glutamate inclusion as glutamate is a precursor to other non- essential amino acids
such as arginine, glutamine and proline (Blachier et al., 2009). This result corroborates the findings of Maslami et al.
(2019) that reported significant difference in the body weight of broiler chickens supplemented monosodium glutamate
at 0.6 - 0.8% inclusion. Best feed conversion ratio was observed in groups fed 0.6% glutamate, this might be attributed to
better nutrient absorption and utilization as a result of glutamate inclusion because as body weight increases as a result
of increased feed nutrient absorption improved feed conversion ratio is achieved. This result agrees with the findings of
(Maslami et al., 2019; Olarotimi and Adu 2022) that reported significant and best feed conversion in broiler chickens fed
dietary monosodium glutamate at 0.5 g/kg and between 0.4-0.8% inclusions respectively.

Result observed on packed cell volume, hemoglobin, red blood cell, Neutrophils and mean corpuscular hemoglobin at
the starter phase corroborates the findings of Olarotimi and Adu (2022) who reported no significant difference when
monosodium glutamate was fed to broiler chickens. Higher eosinophils count at starter phase was observed in group fed
diet 0.6% glutamate. This result might be attributed to ability of glutamate to stimulate body eosinophils to protect body
cells from parasites, allergies and foreign bacteria within and outside the birds thereby acting as immune booster. This
result is contrary to the findings of Olarotimi and Adu (2022) who reported no significant difference in eosinophils of
broiler chickens fed monosodium glutamate. Higher lymphocytes count was observed in groups fed 0.6 % glutamate; this
result could be attributed to ability of glutamate to stimulate the immune system to prevent against foreign bacteria and
organism within the system of the birds. This result is contrary to the findings of (Zanfirescu et al., 2019) who reported
monosodium glutamate to decrease the level of lymphocytes in the blood without interfering with the basal phagocytes of
Neutrophils. Similarly, this result also disagree with the findings of Olarotimi and Adu (2022) that reported no significant
difference in the lymphocytes of broiler chickens fed monosodium glutamate. Result observed on serum indices at the
starter phase showed significantly higher total protein was observed in groups fed 0.6% glutamate. This might be
attributed to inclusion of glutamate acting as precursor for other amino acids and increasing the serum protein content.
Similarly, glutamate has been reported to act as a transcriptional promoter and enhancer used for control of gene
expression that promoted the ability of ribonucleic acid polymerase to identify the nucleotide at the initiation stage
thereby improving protein synthesis. This result is in agreement with the findings of Azine et al. (2018) and Obochi et al.
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(2009) that reported significant difference and increase in the serum protein of broilers and rats respectively when
monosodium glutamate was fed to the animals but contrary to the findings of Okediran et al. (2014) that reported
decrease in the serum protein of rats supplemented with diet containing monosodium glutamate.

Mean corpuscular hemoglobin was significantly influenced by dietary inclusion of glutamate. Groups fed 0.6%
glutamate had higher 33.78g/1 corpuscular hemoglobin than groups on 0.3% glutamate. The significant effect observed
on mean corpuscular haemoglobin signified enough presence of oxygenated blood within the system of the birds thereby
preventing anaemic condition. This result agrees with the findings of Olarotimi and Adu (2022) that reported significant
differences in the mean corpuscular volume of broiler chickens fed dietary monosodium glutamate.

Result observed on serum indices at the finisher phase showed AST was significantly influenced by dietary inclusion
of glutamate. Higher AST was observed in the control group compared to lower mean values observed from the treatment
groups. The significantly lower AST observed from the treatment groups showed that glutamate does not have any
negative impact on the liver cells of the birds as the values obtained were within the range for healthy chicken. This result
is contrary to the findings of Azine et al. (2018) and Prabakar et al. (2023) that reported no significant difference in the
AST of broiler chickens fed diets containing jumbo cube as source of monosodium glutamate and L-glutamate in the diets
of broilers chickens respectively.

CONCLUSION

In conclusion, dietary inclusion of glutamate improved growth performance of broiler chickens at the finisher phase with
no detrimental effect on haematological, liver and kidney functions in hot tropical environment. Also, glutamate improved
total protein, while maintaining higher mean corpuscular heamoglobin in broiler chickens. As a practical suggestion,
glutamate could be added up to 0.9% in the diet of broiler chickens.

DECLARATIONS

Corresponding author
Correspondence and requests for materials should be addressed to A.A ADEYEMO; Email:
adeyemoaa@funaab.edu.ng; ORCID: https://orcid.org/0000-0002-3337-7571

Ethical approval

The authors complied with the ARRIVE guidelines and Interdisciplinary Principles and Guidelines for the Use of
Animals in Research, Testing, and Education by the New York Academy of Sciences, Ad Hoc Animal Research Committee.
Guidelines of the Animal Ethical Ethics committee (FUNAAB, 2020) of the Federal University of Agriculture, Abeokuta, was
also strictly adhered to ensure the welfare of the birds was not compromised.

Authors’ contribution

A.A ADEYEMO: Conception, design and final approval, U. O ABDULAHI: Drafting, Field Study and Monitoring, A.J
ADEYEMO: Design and Proof reading, A.l IYANDA: Coordination and revising, T.0 ADEKOLA: Acquisition of data, E.O
ADEKUNLE: statistical analysis. All authors read and approved the final manuscript

Availability of data and materials
The data sheet generated during and /or analysed during this study are not publicly available but are available from
the corresponding author based on reasonable request.

Funding
The authors declare that no funds, grants, or other support were received during the project and preparation or
publication of this manuscript.

Competing interests
The authors declared they have no competing interest with respect to research, authorship and publication of this
article.

REFERENCES

Adedokun SA and Olojede OC (2019). Optimizing gastrointestinal integrity in poultry: the role of nutrients and feed additives. Frontiers in
Veterinary Science. 5:348. https://doi.org/10.3389/fvets.2018.00348

Azine PC, Kana JR, Ngouana TR, Kenfack A, Sonkeng NA, and Bunto KQ (2018). Growth performance, microbial and hemato-biochemical
profile, and organs histology of broiler chickens fed diets supplemented with a seasoning named Jumbo Cube as source of
Monosodium Glutamate. Journal of Advanced Veterinary and Animal Research, 5(2): 146-154. Retrieved from
https://banglajol.info/index.php/JAVAR/article/view/37160

Brasse Lagnel C, Lavoinne A, and Husson A (2009). Control of mammalian gene expression by amino acids, especially glutamine. The FEBS
journal, 276(7): 1826-1844. https://doi.org/10.1111/j.1742-4658.2009.06920.x

376


https://doi.org/10.3389/fvets.2018.00348
https://banglajol.info/index.php/JAVAR/article/view/37160
https://doi.org/10.1111/j.1742-4658.2009.06920.x

Adeyemo et al., 2025

Chaudhari N, Landin AM andRoper SD (2000). A metabotropic glutamate receptor variant functions as a taste receptor. Nature
Neuroscience, 3:113-119. DOI: https://doi.org/10.1038/72053

FUNAAB (2020). Policy on research of the Federal University of Agriculture, Abeokuta, Nigeria. https://funaab.edu.ng/wp-
content/uploads/2020/09/Research-Ethics-FUNAAB-RV3.pdf

Gbore FA, Olubu RO, Irewole MA, Ruth AO and Ajobiewe G (2016). Oral administration of monosodium glutamate alters growth and blood
parameters in female rabbits. European Journal of Biological Research, 6(3):218-225. http://dx.doi.org/10.5281/zenodo0.150297

Google Earth. (2023). Google Earth Pro 6.2.1.6014 (beta): Niagara Region. [accessed February 22, 2023].
http://www.google.com/earth/index.html.

Jain NC (1986) Schalm’s Veterinary Hematology. 4t edition Lea and Febiger, 600. Washington square, Philadelphia, USA. ISBN:
9780812109429. CABI Record Number: 19872289576

Khadiga A, Ati AA, MohammedS, Saad AM and Mohamed HE (2009). Response of broiler chicks to dietary monosodium glutamate.
Pakistan Veterinary Journal, 29 (4): 165-168. Retrieved from http://pvj.com.pk/pdf-files/29_4/165-168.pdf

Maslami V, Nur YS and Marlida Y (2019). Effect of glutamate supplementation as a feed additive on performance of broiler
chickens. Journal of World's Poultry Research, 9(3): 154-159. DOI: https://dx.doi.org/10.36380/jwpr.2019.19.

Moore KL (2003). Congenital malformations due to environmental factors In: Developing humans. 2nd ed. Saunders, W.B. Co. Ltd.,
Philadelphia, pp. 173-183.

Newsholme P, JoaquimP, Manuela M, Tania CP and Rui C (2003). Glutamine and glutamate: Their central role in cell metabolism and
function. Cell Biochemistry and Function, 21(1): 1-9. https://doi.org/10.1002/cbf.1003

Obochi GO, Malu SP, Obi-Abang M, Alozie Y and lyam MA (2009). Effect of garlic extracts on monosodium glutamate (MSG) induced fibroid
in wistar rats. Pakistan Journal of Nutrition, 8(7): 970-976. https://doi.org/10.3923/pjn.2009.970.976

Okediran BS, Olurotimi AE, Rahman SA, Michael OG and Olukunle JO (2014). Alterations in the lipid profile and liver enzymes of rats treated
with monosodium glutamate. Sokoto Journal of Veterinary Sciences, 12(3):42-46. https://doi.org/10.4314/sokjvs.v12i3.8

Olarotimi OJ and Adu OA (2022). Growth performance, blood indices and hormonal responses of broiler chickens fed monosodium
glutamate. Iranian Journal of Applied Animal Science, 12(2): 341-352.https://journals.iau.ir/article_691902.html

Olubodun J, Zulkifli 1, Hair-Bejo M, Kasim A and Soleimani A F (2015). Physiological response of glutamine and glutamic acid supplemented
broiler chickens to heat stress. European Poultry Science, 79, 1-12. https://doi.org/10.1399/eps.2015.87

Pandey AK, Kumar P and Saxena M J (2019). Feed additives in animal health. Nutraceuticals in veterinary medicine, Springer, Cham, pp.
345-362.https://doi.org/10.1007/978-3-030-04624-8_23

Prabakar G, Shanmuganathan S, Sureshkumar R and Gopi M (2023). Evaluation of Lauric acid and L-glutamate individually and in
combination as a pro-nutrient growth promoter in broiler chickens. Indian Journal of Animal Sciences, 93(6): 607-612,
https://doi.org/10.56093/ijans.v93i6.133507

Porto ML, Givisiez PEN, Saraiva EP, Costa FGP, Moreira Filho ALB and Andrade MFS (2015) Glutamic acid improves body weight gain and
intestinal morphology of broiler chickens submitted to heat stress. Brazilian Journal of Poultry Science, 17:355-62.
https://doi.org/10.1590/1516-635x1703355-362

Reeds PJ, Burrin DG, Stoll B andJahoor F (2000). Intestinal glutamate metabolism. The Journal of Nutrition 130(4): 978S-982S.
https://doi.org/10.1093/jn/130.4.978S

SAS Institute. (2012). SAS®/STAT Software, Release 9.4. SAS Institute, Inc., Cary, NC. USA.
Samour J, (2015). Avian medicine. Elsevier Health Sciences, Elsevier Inc.. ISBN: 9780723438328

Tawfik MS and Al-Badr N (2012). Adverse effects of monosodium glutamate on liver and kidney functions in adult rats and potential
protective effect of vitamins Cc and E. Food and Nutrition Sciences, 3: 651-659.
https://www.cabidigitallibrary.org/doi/full/10.5555/20123186619

Young VR and Ajami AM (2000). Glutamate: an amino acid of particular distinction. Journal of Nutrition, 130: 892-900. DOI:
https://10.1093/jn/130.4.892S

Zanfirescu A, Ungurianu A, Tsatsakis AM, Nitulescu GM, Kouretas MD, Veskoukis A, et al. (2019). A review of the alleged health hazards of
monosodium glutamate. Comprehensive reviews in food science and food safety, 18(4), 1111-1134. https://doi.org/10.1111/1541-
4337.12448

Zhong G, Shao D, Wang Q, Tong HB, and Shi SR (2020) Effects of dietary supplemented of y-amino butyric acid on growth performance,
blood biochemical indices and intestinal morphology of yellow-feathered broilers exposed to a high temperature environment. Italian
Journal of Animal Science, 19:431-8. https://doi.org/10.1080/1828051X.2020.1747953

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
av adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in
this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
https://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2025

377


https://doi.org/10.1038/72053
https://funaab.edu.ng/wp-content/uploads/2020/09/Research-Ethics-FUNAAB-RV3.pdf
https://funaab.edu.ng/wp-content/uploads/2020/09/Research-Ethics-FUNAAB-RV3.pdf
http://dx.doi.org/10.5281/zenodo.150297
http://www.google.com/earth/index.html
http://pvj.com.pk/pdf-files/29_4/165-168.pdf
https://dx.doi.org/10.36380/jwpr.2019.19
https://doi.org/10.1002/cbf.1003
https://doi.org/10.3923/pjn.2009.970.976
https://doi.org/10.4314/sokjvs.v12i3.8
https://journals.iau.ir/article_691902.html
https://doi.org/10.1399/eps.2015.87
https://doi.org/10.1007/978-3-030-04624-8_23
https://doi.org/10.56093/ijans.v93i6.133507
https://doi.org/10.1590/1516-635x1703355-362
https://doi.org/10.1093/jn/130.4.978S
https://www.cabidigitallibrary.org/doi/full/10.5555/20123186619
https://10.0.4.69/jn/130.4.892S
https://doi.org/10.1111/1541-4337.12448
https://doi.org/10.1111/1541-4337.12448
https://doi.org/10.1080/1828051X.2020.1747953
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

