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ABSTRACT: Published Online:
Background: The poultry industry continues to grow due to the availability, affordability, and November 27, 2024
nutritional value of eggs and meat. Factors influencing this growth include genetics, feed quality,
disease prevention, and the use of antibiotics. However, the search for alternatives to antibiotics has
gained momentum due to concerns about antibiotic resistance and consumer demand. This study aimed
to evaluate the effectiveness of adding various doses of the commercial compound X-VIRUS solution
(containing antioxidants and essential amino acids) to drinking water, with the goal of determining the
optimal dose for improving broiler productivity.

Methods: A total of 360 unsexed Ross 308 broilers were assigned to four treatments. Each treatment
group was divided into six pens, with 15 chicks per pen. Treatments included: T1) control group (did
not receive any additives), T2) 0.5 ml of X-VIRUS per liter of water, T3) 1 ml of X-VIRUS per liter
of water, and T4) 1.5 ml of X-VIRUS per liter of water. Performance, carcass traits, biochemical blood
variables and antioxidant capacity of broilers were assessed.

Results: Administering X-VIRUS solution at a dose of 1.5 ml/l in broilers' drinking water increased
body weight and weight gain compared to the lower doses. Additionally, higher X-VIRUS doses
improved feed intake and feed conversion ratios. X-VIRUS solution increased significantly the relative
weight of carcass, breast, and thigh in the fifth week. Higher X-VIRUS doses (1 and 1.5ml/l) led to
higher antibody titers compared to lower doses. X-VIRUS solution reduced triglyceride, cholesterol,
LDL, glucose, ALT and MDA levels and increased HDL, total protein levels and GSH-Px activity,
while albumin and globulin levels remained unchanged.

Conclusions: administering a dose of 1.5ml/l of X-virus solution showed the best results in the

performance, carcass characteristics, blood parameters and antioxidant capacity of broilers. .
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1. INTRODUCTION

The poultry industry has experienced significant growth over the past three decades. The widespread availability, affordability, and
high nutritional value of eggs and meat, which supply essential nutrients such as minerals, vitamins, and amino acids, have led to
an increase in their consumption (Dhama et al., 2014). Key factors driving this growth include optimizing the genetic potential of
birds, ensuring access to quality feed rich in essential amino acids, maintaining ideal environmental conditions, and using plant-
based antioxidants to prevent disease outbreaks. Although the use of antibiotics as growth promoters and for medicinal purposes
has increased, the demand for alternatives to antibiotics has also gained significant momentum. The goal is to identify substitutes
that can sustain productivity and product quality while addressing concerns about antibiotic resistance, antibiotic residues in poultry
products, and the increasing consumer demand for antibiotic-free options. Some alternatives in poultry production include the use
of vitamins and minerals, herbal medicines, phytobiotics rich in antioxidants, and antimicrobial peptides (Yadav et al., 2016).
Phytobiotics are plant-derived compounds with diverse biological activities in plants, animals, and humans. They have antimicrobial
effects, modify gut microflora population, and demonstrate antiviral, antiprotozoal, and antifungal functions. The use of plant-based
antioxidants can enhance intestinal health by reducing the presence of pathogens and preventing subclinical infections commonly
observed in poultry. The ability of plant antioxidants to conserve nutrients becomes more evident when birds are exposed to
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unsanitary situations and are provided with a diet that is deficient or unbalanced in vitamins and amino acids. This unequivocally
highlights the crucial role of plant antioxidants in alleviating the detrimental effects of such circumstances on avian health and
maximizing nutrient utilization (Andersson and Macgowan, 2003; Luangtongkum et al., 2006; Martinez et al., 2006; Billah et al.,
2015).

Feed and its manufacturing process constitute a substantial proportion of the overall expenses in broilers production. Typically, in
minimum-cost feed formulations, the nutrient availability of ingredients is considered; however, the impact of heat processing on
the nutrient availability is often overlooked (Gehring et al., 2011). Previous studies by Loar et al. (2014) and Boney and Moritz
(2017) have shown that the use of temperatures above 85°C significantly reduces the digestibility of essential amino acids, including
methionine, valine, isoleucine, leucine, and lysine, in birds. It is speculated that thermal processes like pelleting have the potential
to solubilize dietary fiber and modify the structure of starches and proteins in the feed (@stergard et al., 1989). Conformational
changes in the diet ingredients can either enhance enzyme access or reduce nutrient availability by forming new compounds, such
as those produced by the Maillard reaction (Thomas et al., 1997). Martinez-Amezcua et al. (2007) reported that excessively high
temperatures during pellet production could compromise nutrient accessibility, particularly reducing the availability of amino acids
(AA). Nutritionists anticipate that feed pelleting methods could result in the loss of AA. Therefore, it may be necessary to increase
the amount of AA in bird diets before the pelleting process (Lynch et al., 2023) or through over-formulation in water. According to
these findings, the aim of this study was to investigate the effects of phytochemical antioxidants and amino acid supplements on
growth performance, carcass characteristics, immune response, and blood biochemical parameters in broilers.

2. MATERIALS AND METHODS

2.1 Ethical approval

The present experiment received approval from the Animal Ethics Committee of Department of Animal Production, College of
Agriculture / Al-Qasim Green University. These procedures were conducted with the utmost consideration for animal rights and
welfare, ensuring minimal stress to the livestock. All procedures were performed in strict accordance with the applicable guidelines
and regulations pertaining to animal research.

2.2 Birds, diets, and housing

A total of 360 one-day-old unsexed Ross 308 broilers, with an average body weight (BW) of 41.12 + 0.97 g, were acquired from a
local hatchery and allocated to four dietary treatments. Each treatment had six replicates, with 15 birds per replicate, based on a
completely randomized design (CRD). The treatments included: T1= a basal diet without X-VIRUS solution (control), T2= 0.5 mi
of X-VIRUS per liter of water, T3= 1 ml of X-VIRUS per liter of water, and T4= 1.5 ml of X-VIRUS per liter of water. The chicks
were fed a three-stage diet consisting of starter mash, grower and finisher pellets. All birds were given a starter (0-7 d), grower (8-
14 d) and (15-35 d) finisher diets. All diets were formulated based on the National Research Council (NRC, 1994) guidelines. The
components and chemical composition of the starter and finisher feeds are outlined in Table 1. Feed and water were provided ad
libitum throughout the trial period. The total weight of the broilers in each pen was recorded at one day of age, and subsequently at
the completion of the starter phase (0-7 d), the grower phase (7-14 d) and (14-35 d) the finisher phase. The temperature and minimal
airflow requirements were diligently monitored and documented twice daily throughout the study to ensure proper maintenance
(Aviagen, 2018). During the first five days of the breeding phase, each pen was equipped with a tray feeder. Subsequently, a
cylindrical feeder and drinker were provided in each pen. The X-VIRUS compound, produced by the Chinese company
(Henanchuavqgriu Biological Technology), contains a high concentration of five different types of medicinal herbs: honeysuckle,
scrophulariaceae, radix scutellariae, radix rehmanniae, and multiple amino acids.

Table 1. Composition and calculated analysis of basal diets

Ingredient (%) Starter (0-7 d) Grower (8-14 d) Finisher (15-35)
Corn 39.42 43.00 47.45
Soya meal (44%) 44.36 40.11 34.55
Wheat 10 10 10
Concentrate? 25 2.5 2.5
Calcium carbonate 1.26 1.07 1.25
Sunflower oil 2.29 3.15 4.08
Salt (NaCl) 0.17 0.17 0.17
Sum 100 100 100
Composition analysis

ME (kcal/Kg) 3000 3.100 3.200
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Crude protein (%) 23 215 19.5
Ca (%) 0.96 0.87 0.79
Auvailable P (%) 0.48 0.43 0.39
Na (%) 0.16 0.16 0.16
Lysine (%) 1.44 1.29 1.15
Methionine (%) 0.77 0.70 0.64
Threonine (%) 0.97 0.88 0.78
Met + Cys (%) 1.08 0.99 0.90
DCAB? (mEq kg™) 236.23 220.74 200.20
Crude fiber (%) 5.05 4.84 4.55
Fat (%) 3.10 3.08 3.04
Linoleic acid (%) 1.02 1.09 1.17

'Provime concentrate produced by Provime / Dutch: Jordanian origin Each kg contains: 17% crude protein,
1.5% crude fat, 1% fiber, 14% calcium, 6.7% available phosphorus, 4.8% sodium, 5.8% chloride, 13.7%
total phosphorus, 9.3% non-lysine, 7.8% methionine + cysteine, 0.4% tryptophan, 2100kcal/kg energy
representative, 480000 1U vitamin A, 220000 IU vitamin D3, 3000 mg Vitamin E, 138 mg Vitamin K3, 138
mg Vitamin B1, 280 mg Vitamin B2, 600 mg Vitamin B5, 48 mg Vitamin B6, 1000 mg Vitamin B9, 1800
mg Niacin, 6900 mg Biotin, 2400 mg Iron, 3500 mg Zinc, 3200 mg Manganese, 480 mg Copper, 10 mg
Selenium, 48 mg lodine, 250 mg Antioxidant. (2) According to each of the energy represented,crude protein,
crude fiber,fat, lysine, and methionine + cysteine calcium, and bio phosphorus. Feed is designing according
guid ross 308 company according to UFFDA 2019 programs. Note. ME: metabolizable energy. 2DCAB =
Na+ K -Cl.

2.3 Estimation of total phenolic content

The measurement of total phenolic compounds (Table 2) was conducted using the Folin—Ciocalteu colorimetric technique, as
described by Ui-Hag et al. (2012). The results are expressed in terms of gallic acid equivalents, represented as milligrams of gallic
acid per gram of extract.

Table 2. Chemical analysis of X-VIRUS solution dietary supplement

No Phenol compound Concentrate (ppm)
1 Apigenin 85.9

2 Caffeic acid 145.9

3 Chlorogenic acid 66.9

4 Ellagic acid 85.4

5 Gallic acid 174.8

6 Kaempferol 96.9

7 Qurcetine 88.9

8 Rutin 74.9

Table 2. Chemical analysis of X-VIRUS solution dietary supplement- continue

No Amino acid Concentrate (ug/gm)
1 Histidine 36.98
2 Alanine 44.58
3 Arginine 50.14
4 Asparagine 55.98
5 Aspartic Acid 49.05
6 Cysteine 63.59
7 Glutamic Acid 70.58
8 Glutamine 65.25
9 Glycine 55.08

10 Isoleucine 60.14

11 Leucine 65.28
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12 Lysine 74.11
13 Methionine 80.25
14 Phenylalanine 65.98
15 Proline 33.25
16 Serine 60.25
17 Threonine 61.44
18 Tyrosine 55.29

2.4 Amino acid examination

Amino acid analysis was conducted in the laboratory using a Korean-made amino acid analyzer. The method was based on the
approach described by Scriver CR in 2001. The carrier phase consisted of a mixture of methanol, acetonitrile, and 5% formic acid
in the ratios of 20:60:20, with a flow rate of 1 ml/min. A ZORBAX Eclipse-AAA segregation column (150 x 4.6 mm, particle size
3.5 um) was utilized for the separation of amino acids. A fluorescence detector identified the amino acids at different wavelengths
(Ex = 445 nm, Em = 465 nm). The analysis was performed using the Clarity 2015 program. High-performance liquid
chromatography (HPLC) analysis was conducted on a SYKAM HPLC system (Germany) equipped with a C18-ODS column (250
x 4.6 mm, 5 um).

2.5 Growth performance

The average body weight gain was calculated by subtracting the initial group weight from the final group weight for each period
and then dividing that difference by the number of birds present at the end of the phase. To calculate feed intake (FI), the residual
feed was subtracted from the total feed provided to each pen throughout the study. Daily mortality rates were recorded and adjusted.
Feed conversion ratio (FCR) was corrected for mortality and represented as grams of feed consumed by all chickens in each pen
divided by grams of body weight gain. This methodology was based on the approach described by Imari et al. (2020).

2.6 Carcass traits and blood sampling

At 35 days of age, a male chick with a body weight (BW) approximately equivalent to the average live BW of the pen was selected.
The chosen chick was weighed and subsequently sacrificed. After feather removal, the carcass and its various components, including
the bursa of Fabricius, gizzard, spleen, liver, pancreas, abdominal fat, breast, thighs, wings, back, and neck, were individually
weighed and documented. The findings were expressed as percentages of the live body weight of the chicks. Blood samples were
centrifuged at 3000 rpm for 15 minutes, and the resulting plasma was stored at -20°C until the assessment of various metabolic
parameters using commercially available colorimetric kits (Biodiagnostic Company, Giza, Egypt). The measured parameters
included cholesterol, HDL, LDL, and triglycerides (TG), alanine transaminase (ALT), aspartate transaminase (AST), glucose, total
protein, alboumin and globulin. Additionally, commercially available Kits and a spectrophotometer (Shimadzu, Japan) were used to
determine the levels of plasma malondialdehyde (MDA), catalase (CAT), and glutathione peroxidase (GSH-PXx).

2.6 Statistical analysis
The data were analyzed using the SAS Institute software with a one-way analysis of variance (ANOVA). Mean differences were
compared using Duncan's multiple range test, and statistical significance was set at P < 0.05.

3. RESULTS AND DISCUSSION

3.1 Growth performance

The outcomes of BW, BWG, FI and FCR are shown as the mean + standard error of the mean over the five-week experimental
phase in Table 3. The results demonstrated that broilers fed with the X-VIRUS solution at a dosage of 1.5 ml/l in their drinking
water showed a significantly greater increase in BW and BWG compared to the control group and those treated with 0.5 ml/l and 1
ml/l during the trial period (P<0.05). In addition, the inclusion of 1 ml/l and 1.5 ml/I doses of the X-VIRUS solution resulted in
higher feed intake compared to the birds treated with O ml/l and 0.5 ml/l doses of the supplement (P<0.05). The FCR of broilers
decreased with increasing levels of X-VIRUS solution during the 1-5 week period (P<0.05).

The inclusion of commercially available phytonutrient blends of carvacrol, capsicum oleoresin, cinnamaldehyde, and essential oils
in poultry diets has been observed to give variable results. An analysis of broiler chickens- thirteen clinical trials was applied to
evaluate the impact of using these standardized phyto- compounds. They further stated that under different standards adopted for
broilers, supplementation of these compounds improved weight gain, feed conversion ratio and percent mortality. This may also
explain why even after so much research, the mechanism through which these phytochemicals work is not accurately known but
there is speculation on it being an important role like that of an antioxidant or an antimicrobial. The dietary inclusion of
phytochemicals would help to stabilize intestinal microbiota and inhibit the production of microbial metabolites which harm the
chickens and also inhibit the growth of harmful pathogenic bacteria in the chickens’ bodies which again would lead to better
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performance by chickens (Kim et al., 2015). agreed with this study. BW, BWG, and FI of broilers (1-35 d) increased with different
phenolic-rich onion extract levels (1-3 g/kg diet) without showing any adverse effects on birds as was reported similarly by Hilliar
et al. (2020). On the other hand, Comi et al. (2014) found no significant difference in the body weight, average daily feed intake,
and average daily gain of birds when fed with olive polyphenol extract. Amino acids as supplements increased the synthesis of cecal
butyric acid as well as total short-chain fatty acid production by Hilliar et al. (2020) and Chrystal et al. (2020). This supplementation
not only supported the growth performance and feed conversion efficiency but also enhanced immunity. The application of higher
temperatures during feed processing can induce considerable degradation of cysteine, recognized as the most thermolabile amino
acid. This degradation subsequently affects lysine, leading to the depletion of arginine, threonine, and serine from the feed
(Papadopoulos, 1989). The X-VIRUS compound, consisting of medicinal plants, contains essential amino acids required by poultry
to address the significant challenge faced by poultry farming in Iraq, particularly the prevalence of viral diseases that affect fast-
growing commercial breeds. These birds need continuous antioxidants and essential amino acids for their well-being. Furthermore,
the pelleting process in feed manufacturing can lead to a loss of amino acid specificity due to the effects of heat and pressure. To
mitigate this issue, it may be necessary to supplement these amino acids in the drinking water using X-VIRUS.

Table 3. Effects of dietary supplementation of phytochemical antioxidants and amino acid (X-VIRUS) on growth
performance in broiler chickens (Means + standard error)

Treatments (ml/l) BW(qg) FI(g) BWG(g) FCR

0 1634.33 £39.64 d 2773.33£11.20 ¢ 1600.33+ 40.20 d 1.73£0.03 a
0.5 1779.33+ 48.46 ¢ 2918.33+£20.62 b 174467+ 48.70 ¢ 1.67+0.05 ab
1 1906.67+ 15.89 b 2986.67 + 13.61a 1872.33+15.23 b 1.59+ 0.01 be
15 2058.33+£ 30.59 a 3030.67+£2.02 a 2023.33£30.38 a 1.49+0.02 ¢
Significance level e e wx wx

* Averages with different letters within one column indicate differences at a significant level.

3.2 Carcass and internal organs

Table 4 presents that the effects of adding various doses of the X-VIRUS solution on the mean carcass weight of broilers in the fifth
week of the experiment. The inclusion of 1.5 ml/I of the X-VIRUS solution significantly increased the weights of the carcass, breast,
and thighs compared to the control group (P < 0.05).

Table 4. Effects of dietary supplementation of phytochemical antioxidants and amino acid (X-VIRUS) on characteristics
of carcass (g) of broilers ROSS 308 (math. Mean + standard error)

Treatments Chick weight Chest Weight Thighs weight Liver weight  Heart weight  Gizzard weight
0 1265.00 +24.66 b  751.66+ 76.50b  573.33+36.55¢ 40.66+2.1 9.00£1.5 40.00+ 1.73
0.5 1325.00+£28.86 b 836.66+32.82ab  671.66+46.93bc  38.33+0.88 11.66+0.33 44.3345.20

1 1466.67 + 65.08p  861.66+26.82ab  631.66+15.89ab  41.33+3.33 11.66+1.66 39.66+2.60

1.5 1626.67+74.23a 976.66+39.29a 795.00£10.40a  37.66+1.33 10.33+0.88 39.66+0.33
IS;\?enllflcance o o o NS NS NS

* Averages with different letters within one column indicate differences at a significant level.

In comparison to the findings of the current study, Aji et al. (2011) indicated that adding onion and garlic to the diet did not have a
significant effect on the carcass yield of broiler chickens. Similarly, Bampidis et al. (2005) reported that incorporating oregano did
not substantially impact body weight, carcass weight, or the relative weights of the heart and liver in broiler chickens. However,
Sahu et al. (2017) found that treatment with C. tora positively affected dressing percentage and sensory evaluation compared to
non-treated birds. Consistent with the current results, Omar et al. (2020) documented that supplementation with phenolic-rich onion
extract did not significantly impact the percentages of gizzard, liver, and heart on day 35. According to Rahimi et al. (2011), the
increased dressing percentage in broilers can be attributed to the stimulatory impacts of coriander, which contains certain
phytochemical components that enhance pancreatic secretions. This stimulation promotes the secretion of digestive enzymes,
improving the availability of supplementary nutrients, including amino acids, that are digested and absorbed in the gastrointestinal
tract.

Supplementing with threonine and lysine has been shown to improve carcass traits and growth efficiency in broilers, presumably
because threonine and lysine act as limiting amino acids for breast muscle production (Estalkhzir et al., 2013; Belloir et al., 2019).
However, providing broilers with high AA diets can be costly, given the minimal enhancements in yield and the increased feed

expenses, especially when combined with high feed component prices. Sufficient concentrations of AA, including lysine, are crucial
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for optimizing protein accretion and increasing meat yield (Kidd et al., 2004). Furthermore, it has been reported that increasing
amino acid levels and utilizing pelleted diets positively influence breast meat yield, indicating that both pelleted diets and a higher
AA density of 96% have beneficial effects (Rubio et al., 2020).

3.3 Immune response

The effect of diets supplemented with phytochemical antioxidants and the amino acid supplement (X-VIRUS) on the titers of
antibodies for Newcastle Disease Virus (NVD), Avian Influenza Virus (AlV), and Infectious Bronchitis Virus (IBV) at 7 days post-
vaccination was highly significant (P < 0.05) (Table 5). The groups fed a diet containing 1 and 1.5 ml/I of the X-VIRUS solution
showed significantly higher antibody titers against NVD, AlV, and IBV compared to the other groups (T1 and T2) at different
periods post-vaccination (P < 0.05). Medicinal herbs rich in phenols, flavonoids, tannins, essential oils, apigenin, caffeic acid,
chlorogenic acid, ellagic acid, gallic acid, kaempferol, quercetin, and rutin possess antioxidant properties (Acamovic and Brooker,
2005; Hashemipour et al., 2013). Due to their antibacterial, antiviral, and antioxidant characteristics, these compounds are
anticipated to enhance the immune response in broilers (Botsoglou et al., 2002). Separately, Yal¢in et al. (2020) and their co-workers
measured specific antibody titer (SRBC- sheep red blood cells) in the serum of laying hens and recorded that thyme-supplemented
diets developed high rates in these parameters. This effect was deemed to be the consequence of the favorable impact of thyme on
maintaining physiological balance immunocompetent cells. The supplementation of 120 and 240 mg/kg essential oil, respectively,
increased serum antibody titers against NDV significantly over controls that were receiving the basic diet; as reported by Du et al.
(2016). Liu et al. (2021) found that capsaicin-rich chili extract inclusion at 80 mg/kg in broiler diets improved antioxidant status,
boosted immunological functions, and positively affected carcass traits. It acts as precursors for protein synthesis relative to having
sulfur-containing amino acids such as methionine, and cysteine (Brosnan et al., 2006). Besides, the immune system function among
many other physiological functions, these metabolites act as precursors for protein synthesis by methionine and cysteine. Basophil
from human blood smear, Wright's stain The immune functions of the two types of immunity, cellular and humoral, involvement of
methionine have been supported by various experiments (Métayer et al., 2008). It was found that broiler chickens receiving
methionine and choline have increased levels of antibodies in the blood (Lopes et al., 2019). For instance, cysteine has been
associated with lymphocyte and macrophage functions. Lymphocyte and macrophage functions in broilers have been found to
respond well along with inflammatory responses to feed added cysteine and anti-Eimeria IgA levels in broilers fed the new diet
were reported higher as compared to the traditionally fed broilers (Ren et al., 2020). Arginine’s requirement supplementation above
NRC recommendations improves growth performance and immune competence against avian infectious diseases, which has been
corroborated in numerous studies (Jahanian et al., 2018). Valine has an intermediary role between myofibrilar muscle proteins, and
weight reduction in lymphoid organs in chicken. Supplementing the diets of birds with high levels of valine has been shown to
enhance antibody production when exposed to viruses (Baracos et al., 2006).

Table 5. Effects of dietary supplementation of phytochemical antioxidants and amino acid (X-VIRUS) on antibodies titer
(Ab) against viral diseases ND, Al, IB (logz) at periods post vaccination (math. Mean + standard error)

Treatments Immunity Level Al Immunity Level ND Immunity Level IB
ml/l HI titer HI titer HI titer

0 3.00+0c 6.00+0.57c 6.33+£1.20b

0.5 3.33+£0.33¢c 7.66+0.33b 6.66 £0.33 b

1 5.33+0.66b 8.33+£0.33ab 8.33+£0.33ab

1.5 7.66+£0.33a 9.00£0a 9.66£0.33a
Significance level *x *x il

* Averages with different letters within one column indicate differences at a significant level.

3.4 Blood biochemical parameters

3.4.1 Serum lipids

Table 6 presents the results of the X-VIRUS solution's effect on the serum lipid fractions of broilers at 35 days of age. The
administration of 0.5, 1, and 1.5 ml/I of the X-VIRUS solution significantly reduced the levels of cholesterol, triglycerides, and
LDL, while increasing HDL levels in broiler serum (P < 0.05). The bioactivity of flavones has been associated with various anti-
obesity effects. For instance, luteolin, a flavone, acts as a strong inhibitor of triglyceride lipase in preadipocytes and enhances insulin
sensitivity by activating the peroxisome proliferator-activated receptor y (PPARy) (Zheng et al., 2010). Moreover, flavones have
the ability to reduce inflammation linked to obesity by inhibiting the nuclear factor kappa-B (NF-xB)-mediated pathway (Gonzélez-
Castejon and Rodriguez-Casado, 2011). According to Mirzaei-Aghsaghali (2012), onion extract stimulates the synthesis of bile
acids and enhances the activity of pancreatic enzymes, primarily lipase and amylase, resulting in improved fat digestion. In
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agreement with our study, Gazwi et al. (2022) found that adding 500 to 1000 mg/kg of Coriandrum sativum grains and Cichorium
intybus roots to the diet significantly reduced plasma concentrations of total cholesterol, triglycerides, and LDL. Additionally, Cao
etal. (2012) indicated that extracts of C. sativum and C. intybus contain flavonoids capable of enhancing lipid metabolism in broiler
chickens. Several researchers have demonstrated that the addition of fructans from chicory in the diet of broiler chickens brings a
significant decrease in serum levels of total cholesterol, LDL, and triglycerides (Faramarzzadeh et al., 2017; Yusrizal and Chen,
2003; Mirza Aghazadeh et al., 2015; Khoobani et al., 2019). Polyphenols have been recognized for their ability to bind with
cholesterol, thereby facilitating cholesterol fecal elimination (Roy and Schneeman, 1981). Furthermore, they also raise the
cholesterol 7-alpha hydroxylase activity associated with the enzyme that has some connection with bile synthesis and cholesterol
homeostasis (Chen et al., 2012). The reduction in serum cholesterol, LDL, and triglycerides with increase HDL levels observed in
this case study suggests anti-atherosclerotic effect of X-VIRUS solution.

Table 6. Effects of dietary supplementation of phytochemical antioxidants and amino acid (X-VIRUS) on serum lipid
fractions of broiler chickens (Means * standard error)

Treatments Cholesterol Triglyceride Concentration of high-density Concentration of low-density
ml/| (mg/100ml) (mg/100ml) lipoproteins HDL (mg/100ml) lipoproteins LDL (mg/100ml)

0 205.62+3.34 a 216.64+11.06a  99.25+2.28Db 63.03+£6.81a

0.5 187.19+1.54b 186.21+2.35b  134.38+2.13 a 20.63+8.07 b

1 190.85 £#1.51 b 156.56 +6.00c  135.73+1.19a 20.14+2.83b

15 185.60 +5.19 b 152.91+5.79¢ 136.05+3.15 a 17.55+3.90 b

Significance *x ** *x *x

level

* Averages with different letters within one column indicate differences at a significant level.

El-Katcha et al. (2018) reported that supplementing the diet with excess methionine (30%) led to the lowest concentrations of serum
triglycerides. Additionally, the elevated serum cholesterol levels observed with 30% lysine supplementation may be attributed to
lysine's role as a precursor of L-carnitine. This process could enhance the supply of carnitine for metabolic functions, particularly
in fatty acid oxidation, thereby reducing the accumulation of long-chain fatty acids typically stored in adipose tissues. Furthermore,
lysine may stimulate insulin release from the pancreas, potentially affecting lipid metabolism. Fouad et al. (2013) demonstrated that
plasma total cholesterol levels were significantly lower in broilers receiving L-arginine treatments (0.25%, 0.50%, or 1.00% L-Arg)
compared to the control. In addition, HDL-C levels were not affected by the treatments, while LDL-C levels were significantly
lower with 1.00% L-Arg in compared to the control. Our findings also indicate that the amino acids content in the X-VIRUS solution
lowers blood total cholesterol, triglyceride, and LDL levels but as for now, we have little information on how these amino acids
really work on the serum lipids more especially to what extent L-arginine supplementation can reduce cholesterol. Chicks on a
broiler diet and supplemented with L-arginine (0.25% or 1.00%) showed depressions in triglycerides but raised NEFAs hence
indicating a possible role of L-arginine in converting the triglycerides into glycerol and free fatty acids (Fouad et al., 2013).

3.4.2 Total protein, albumin, globulin, and glucose levels

Table-7 Effect of Phytochemical Antioxidants and Amino Acids (X-VIRUS) on Serum Total Protein, Albumin, Glubulin, and
Glucose Levels in Broilers at 35 Days of Age The effect of the X-VIRUS solution on serum total protein, albumin, globulin, and
glucose in broilers at 35 days of age is presented in Table 7. It can be observed that supplementation with the X-VIRUS solution
significantly enhanced total protein levels on an average basis (P<0.05) in birds over the control group. This enhancement in total
protein mainly resulted from increased globulin levels indicating a better immune status of the broiler birds as influenced by the
supplementation of X-VIRUS solution. The findings of Mathivanan and Edwin (2012) and Hassan et al. (2016) which were in
congruence with the present study also showed through their results that the Andrographis paniculata and moringa leaf
supplementation increased levels of total proteins. The rise is generally associated with improved protein metabolism and synthesis
but does not always translate into better growth performance. However, the X-VIRUS solution significantly decreased serum
glucose levels (P<0.05). No significant effect, however, was observed on albumin and globulin concentrations by the X-VIRUS
treatment (P>0.05).

Contrary to blood serum carried parameters such as total protein, albumin, globulin and glucose. the results of Ghazalah et al. (2007)
and Mansoub (2011) who carried black pepper supplementation did not significantly impact serum parameters in agreement with
the results of the present study, stated that chicory incorporation into broiler diets lowered serum glucose levels. Khoobani et al.
(2019) also commented that there were lower serum glucose levels when chicory was incorporated into broiler diets. Gazwi et al.
(2022) found reduced serum glucose levels in broilers fed Coriandrum sativum and Cichorium intybus extracts at six weeks of age,
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while this hypoglycemic effect could be as a result of some diterpenoids (Jain et al., 2000) and flavonoids (Gupta et al., 1983) which
are reported to demonstrate glucose regulatory activities.

Table 7. Effects of dietary supplementation of phytochemical antioxidants and amino acid (X-VIRUS) on serum Total
protein, Albumin, Globulin and glucose of broiler chickens (Means + standard error)

Treatments ml/I Total protein (g/dl) Albumin (g/dl) Globulin (g/dI) Glucose (mg/dl)
0 357+0.24b 2.01+0.08 1.563 +0.18 304.95+2.04 a
0.5 447+0.07a 2.32+0.05 2.15+0.02 265.44 +6.42 b
1 4.37+£0.07a 2.35+0.29 2.01+0.36 251.59+9.68 b
15 463+0.1a 2.56+0.11 2.07 +£0.05 225.03+7.2¢c
Significance level ** NS NS **

* Averages with different letters within one column indicate differences at a significant level.

Blood parameters can provide critical insight into various metabolites and physiological functions in poultry. For example, Soltan
(2009) and Xue et al. (2018) found that L-glutamine supplementation could improve growth performance and serum biochemical
indices, especially in animals affected by necrotic enteritis. However, contrasting with the current study, Daramola (2019) reported
that supplementing broiler diets with medicinal plants, such as bitter leaf meal and moringa leaf meal, did not affect total protein
levels. Abou-Kassem et al. (2022) reported that the highest concentrations of total protein were observed in the group fed a diet
containing 0.90% Met + Cyst, compared to the control. An increase in TP and Alb was observed with increasing dietary sulfur
amino acids, particularly DL-methionine, according to Ghavi et al. (2020). Therefore, the anabolic action of methionine would be
related to an increased availability of substrates at the sites where protein synthesis takes place (Majdeddin et al., 2019). The same
amino acid has been reported to enhance muscle protein synthesis, and lower catabolism in rapidly growing broilers (Zeitz et al.,
2019). The increase in total protein levels in broilers is therefore a further possible effect of X-VIRUS solution whereby amino acids
are made more available and this favors anabolism over catabolism..

3.4.3 Antioxidant capacity

in blood serum were significantly high (P<0.01) at 35 days of age from the groups fed with Mequindox alone Table 8. Effect of
dietary supplementation with phytochemical antioxidants and amino acids (X-VIRUS) on AST, ALT, CAT, GSH-Px activities and
MDA concentration in plasma of broilers at 35 days of age. Serum ALT activities, and MDA concentration in blood serum were
significantly high (P<0.01) at 35 days of age from the groups fed Mequindox alone, were significantly affected by the inclusion of
X-VIRUS in the diet compared to the control group (P<0.05). The concentrations of ALT and MDA in the serum of broilers
decreased, while GSH-Px increased with 1 and 1.5 ml/l of X-VIRUS solution (P<0.05).

Table 8. Effects of dietary supplementation of phytochemical antioxidants and amino acid (X-VIRUS) on antioxidant
enzymes activity of broiler chickens (Means + standard error)

Treatments ml/l  ALT AST CAT GSH-Px MDA

unm un (ug/ml) (U/gHb) (mmo/ml)
0 12.09+0.29 a 21.51+0.64 146.28+4.15 859.39+28.24 d 5.27+0.22 a
0.5 11.84 £0.26 a 20.16+ 0.38 149.49+1.90 1020.73+67.6 c 4.66 £0.34 ab
1 10.84+0.25b 21.01+0.33 150.05+2.29 1233.65+42.45 b 4,15+ 0.04 b
15 10.60+0.35b 20.87+0.38 152.36+0.60 1382.75+4.87 a 4.09+0.02 b
Significance . NS NS . o
level

* Averages with different letters within one column indicate differences at a significant level.
ALT =alanine transaminase, AST =aspartate aminotransferase, CAT= catalase and GSH-Px= Glutathione peroxidase,
MDA= Malondialdehyde

The reduction in serum ALT levels following X-VIRUS supplementation suggests that the solution may have hepatoprotective
effects, as it reduces liver enzyme discharge, unlike the control group. This emphasizes the importance of utilizing natural and
organic antioxidants. In this study, X-VIRUS supplementation increased GSH-Px activity and decreased MDA levels, indicating
improved oxidative stress management in the broilers. High GSH levels indicate that broilers vaccinated with X-VIRUS have a
better ability to scavenge reactive oxygen species than the control, which is reflected by lower lipid peroxidation (MDA
concentration). The increase in antioxidant status in X-VIRUS-treated broilers is due to the presence of polyphenolic compounds
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within the X-VIRUS solution. The higher dose of polyphenolic-rich X-VIRUS solution had a more potent effect in improving the
redox status of broilers on all tested oxidative stress markers, excluding AST and CAT. This emphasizes how young chickens are
highly vulnerable to oxidative stress and, thus, warrant antioxidant supplementation against the associated pathological conditions.
Polyphenols and their metabolites, upon release of conjugates within cells, would provide powerful antioxidant activities (DE LA
Torre et al., 2008). Other polyphenols may be of small quantity, though all act synergistically to enhance their bioactivity greatly
(Pignatelli et al., 2006). The X-VIRUS remedy is rich in flavonoids such as apigenin, caffeic acid, chlorogenic acid, gallic acid,
kaempferol, quercetin, and rutin. These said compounds provide the body with potent antioxidant defense as reported by this study.
Corresponding to the present findings, Sahu et al. (2017) reported that chickens treated with Cassia tora extract had significantly
reduced levels of MDA and increased GSH-Px activity in relation to lowered oxidative stress and lipid peroxidation. In another
experiment by Papadopoulou et al. (2017), poultry was supplied with polyphenols extracted from olive mill wastewater in drinking
water, which caused a remarkable improvement in the antioxidant capability.

Afkhami et al. (2020) also underlined the antioxidant functions of sulfur-containing amino acids like methionine and cysteine
because they are direct precursors for the synthesis of glutathione in the body, while Ghavi et al. (2020) supported this finding. Their
findings indicated that higher dietary sulfur amino acid (DSAA) levels were associated with decreased blood serum AST levels,
hence indicating a more favorable condition of liver oxidative damage lowered ..

5. CONCLUSION

Finally, inclusion of different doses of the X-VIRUS supplement in broilers’ drinking water was beneficial. It enhanced growth
performance, immune response to NDV, AlV, and IBV, and had favorable effects on the serum lipid profile through decreased
levels of serum glucose cholesterol, triglycerides, and LDL levels, while increasing HDL levels and total protein. In a word, X-
VIRUS supplementation has the potential to lower glucose, a notable antioxidant index like ALT and MDA, while upping GSH-Px
enzyme activity in the blood. These findings suggest that X-VIRUS could serve as a valuable dietary supplement for promoting the
health and performance of broilers.
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