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ABSTRACT

Background: Newcastle disease virus (NDV) remains a major threat to poultry production due to its high mortality and

endemicity, yet current control strategies are limited. While plant-derived compounds like allicin and curcumin exhibit

antiviral properties, their combined prophylactic efficacy against NDV in broilers is poorly understood. This study

therefore aims to evaluate the prophylactic potential of Allicumin, a novel allicin-curcumin formulation, against NDV

infection in broiler chicks, addressing the critical gap in evidence-based alternative prophylactic strategies.

Method: The cooled extraction and solvent fractionation techniques were employed to obtain allicin and curcumin, which

were mixed equally to formulate Allicumin. An in vivo toxicity screening was conducted on 60 broiler chicks using a random

sampling method. Protective effects were assessed through body/organ weights and pathological profiles. Data were

analyzed via ANOVA and Post-hoc-analyses, and ethical approval was obtained from the institutional committee.

Results: All tested samples were non-toxic (0% mortality). Body weights, organ weights, organ functions, and

hematological parameters showed no significant differences (p > 0.05) among treated groups versus controls. However,

virus-infected chicks had significantly lower body and organ weights (p < 0.05) than protected groups. Allicumin-treated

chicks exhibited weight gain and organ weights comparable to controls, with normal liver and spleen histopathology, unlike

other extracts which showed steatosis and hyperplasia. Allicumin demonstrated superior prophylactic protection against

NDV-induced pathological changes.

Conclusion: Allicumin demonstrated superior prophylactic efficacy against Newcastle disease virus in broilers, showing

no toxicity and maintaining normal organ integrity, thus offering a promising, evidence-based alternative for NDV control

in poultry.
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INTRODUCTION

Newcastle virus is an enveloped, non-segmented and spread of microbial strains resistant to conventional

single-stranded RNA virus from the genus Avulavirus therapy, high cost and unavailability of the standard

belonging to the family Paramyxoviridae and order drugs as well as consumer concerns over drug remnants

Mononegavirales.1,2 They belong to the avian in foodstuff and the environment are amongst

paramyxovirus serotype 1 (APMV-1) viruses of which important reasons backing this trend.11 Recently there

there are other eight APMV serotypes (AMPMV-2 to is increased interest in exploiting the bioactive


	AMPV-9).	The	virus	is	roughly		round	in shape,			compounds		from	medicinal		plants		in	the	poultry

	measuring	about	150 mm		or	more	in	diameter		and	industry	due	to their	ability		to	enhance		the	immune

	filamentous with genomic length of about 15.2 kb								3	that	system	and	growing		antimicrobial				effects	thus

	strictly adheres		to the	‘rule		of six’	a	condition		for	promoting	health,		growth	and		overall	performance.		12



effective replication.1 Hence, many screening efforts have been put in place to

The genome of Newcastle virus comprises of 6 genes recognize antiviral substances from natural sources with

encoding six structural proteins, the nucleocapsid strong potency, low toxicity and insignificant side

protein (NP), phosphoprotein (P) matrix protein (M) effect.13 It is worthy of note that bioactive compounds

fusion protein (F), hemagglutinin–neuraminidase from medicinal plants have proven to be effective in the

protein (HN) and RNA polymerase (large protein) (L)4, treatment of a wide variety of viral diseases by inhibiting

in the 3′ to 5′ direction and two non-structural proteins the replication cycle of various DNA and RNA viruses.14

namely protein V and W encoded by RNA editing of P Garlic (Allium sativum) is a member of the family

protein.3 Newcastle virus is transmitted through Alliaccae. Garlic is distributed worldwide, mostly

inhalation of aerosolized droplets, exposure to fecal and abundant in Europe, Asia, North and South America.

the excretions from diseased birds. It can also be spread China is ranked the highest consumer and producer of

among healthy flock by bringing in infected birds, and garlic with almost 20 million tones cultivated annually,

contact with contaminated feeds, water equipment and generating more than 81% of the world output.15 Garlic

clothing.3 Newcastle virus affects almost all domestic has a variety of bioactive compounds namely;

poultry, ranging from pigeons to ostriches, it is also organosulfur compounds, saponins, phenolic

found in wild birds, confined pet birds and sporting compounds and polysaccharides. The most active

birds (partridges, quail, pheasants and guinea fowl etc.).5 component is its organosulfur compounds with allicin

Humans may also be infected.3 The severity of the (2-propenylthiosulphinate) representing the major one.

disease caused by any strain of Newcastle virus is Turmeric (Curcuma longa) is a member of the family

dependent on the host. Chickens appear to be more Zinigiberaceae, a very important herb with rhizomes

likely to be infected; ducks show no clinical signs or mostly used worldwide in cooking and in medicine.16

symptom even with infection from strains lethal to Turmeric is rich in tannins, alkaloids, phenols, steroids,

chicken.6 flavonoids, phlobatannin, cardiac glycosides, terpenoids,

Antiviral agents are rarely utilized in poultry production triterpenes and saponins.17,18 Curcuminoids

due to their significant toxicity, prohibitive costs, (disphenylheptanoids) that is curcumin and its

regulatory restrictions concerning drug residues in derivatives is the major phytochemical in C. longa and

poultry products, and the increasing emergence of they give turmeric its characteristic orange colour.19 The

resistant viral strains..7 The management of Newcastle value of turmeric is solely due to curcumin. Hence,

virus is majorly centered on vaccination and biosecurity curcumin content has been a key determinant in growing

measures.8 Over the years, it has been acknowledged and choosing cultivar or variety for turmeric production

that plants exert medicinal values and therapeutic and as well as its market value.20

functions in humans and animals.9 Plants have been

utilised as a source of remedy in diverse ethnomedicinal MATERIALS AND METHODS

practices. Many of its extracts and phytochemicals are Study Design

well-known to modulate the host immunity and many Preparation of the plant materials: The turmeric

expend antimicrobial and antiviral effects.10 A variety of rhizomes and garlic cloves were purchased from the

factors has propelled the rising dependency on plants as local market and authenticated by Ukpaka C. J, a botanist

substitutes in the treatment of various ailments in in Biological Science Department, Faculty of Natural

humans and animals by some locality. Emergence and Sciences, Chukwuemeka Odumegwu Ojukwu
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University, Uli. They were scrapped, washed and air mixed in a cleaned 100 ml conical flask in order to

dried under shade for 14 days at room temperature. The produce the prepared mixture of the extract. The

dried cloves and rhizomes of the garlic and turmeric extracted allicin and curcumin were each dissolved in

respectively were grounded separately to fine powder PBS in order to produce 1.0 mg/ml (1000 ppm).

using a sterile blender (KN-999) and stored in clean Allicumin preparation was produced by mixing together

airtight containers till subsequent use.21 50 ml of each concentration of allicin and curcumin in a

Extraction of the turmeric powder using acetone via clean sterile conical flask (Pyrex). This was thoroughly

soxhlet extractor: The ground turmeric was divided homogenized and stored in cleaned sterile container for

into smaller portions using Whatman No. 1 filter paper, use.

wrapped and held firm using masking tape, then each Viral Preparation: The virus used in this study was

was placed in the thimble of the soxhlet extractor, 250 LaSota strain of Newcastle virus. The lyophilized

ml of the solvent acetone was measured and poured into samples were prepared by dissolving each in 5.0 ml, 10.0

the round bottom flask. After which the apparatus was ml, 20.0 ml, 25.0 ml and 50.0 ml of phosphate buffer

set up and connected to power source. It was allowed saline (PBS). Each solution was thoroughly mixed, and


	on, until	the	whole	component		was	being	extracted		the vials were stored in refrigerator at - 4 0 C, and these

	which was		noted by	colourless		appearance		of	the	were used immediately after preparation.

	condensed		solvent	in the	thimble/siphon.				The	Animal Study

	remaining	wrapped		turmeric	powder		were	extracted		Toxicity of the preparation : The toxicity of the



equivalently.22 The extract was concentrated by preparations was assessed on broiler chicks (14 days old)

evaporating to dryness at room temperature in a steady using the methods described by Hashemi et al.25 and

air current. Bulus et al.26 The chicks were grouped into 7 (G1-G7)

Extraction of garlic powder using ethanol via cold with a total of 4 birds in each. Each were weighed and

extraction method: Twelve (12) g of the garlic powder kept in a clean battery cage with constant lighting. They

was measured using an electronic weighing balance and were fed with growers’ mash (Pfizer Company Nigeria)

poured into a beaker. It was dissolved with 120 ml of and ad libitum access to drinking water. Group 1 received

ethanol. The beaker was agitated at intervals and 0.5 ml of the turmeric extract intraperitoneally, group 2

incubated for 72 h after which the extract was filtered received 0.5 ml of garlic extract, and group 3 received

using a cheese cloth. The filtrate was allowed to 0.5 ml of the turmeric + garlic extract, while group 4, 5

evaporate to dryness at room temperature in a steady air and 6 received 0.5 ml of allicin, curcumin and allicumin

current using the method described by Ingle et al..23 respectively. Group 7 was uninoculated and served as

Fractionation: The method described by Gokhul et al.24 the control. The chicks were consistently fed with

was employed to purify the extracts. Two (2) g of the grower mash for 1 week. They were observed for the

turmeric and garlic extracts were each dissolved first 1 – 6 hrs, then once daily through the 7th day for

separately in 100 ml of PBS and poured into separating signs of acute toxicity. Recovery and weight gain was

funnels. Then 150 ml of acetone was poured into the seen as indication of having overcome the toxic effects

turmeric and 150 ml of ethanol/acetone at a ratio of 2:1 of the extracts. After 4 days, the blood samples were

was also introduced into the garlic extract respectively. collected from these chicks through their wing veins and

Each were reconstituted and allowed to separate into transferred into an EDTA (ethylenediaminetetraacetic

two layers; the aqueous and organic layer. After which acid) containing bottles for hematological studies. Then

the knob of the funnels were slightly opened for the the surviving birds were sacrificed and the internal

down part (aqueous layer) to flow out into a beaker. organs macroscopically examined for abnormalities and

Then the upper layer (organic) containing the bioactive the weights were also recorded and compared to the

compounds of interest curcumin and allicin respectively control group.26

were collected into separate beakers. The extracts were Examining the haematological parameters: Blood

allowed to evaporate to dryness. samples were collected from each of the birds at the 0

Formulation of Bioactive Preparation: The crude and 4 days after administration for haematological

extracts of turmeric and garlic were prepared by studies. The parameters assessed were the packed cell

dissolving 2.0 g of the extracts in 100 ml of phosphate volume (PCV), total red blood cell (RBCs) count, white

buffer saline (PBS). Then 25 ml of each extract was blood cell (WBCs) count and differential WBCs
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(lymphocytes, monocytes and neutrophil) count and sodium hydroxide was added to the solution, mixed and

haemoglobin (Hb) level. allowed for 5 min after which the absorbance was read

Total RBC (erythrocytes) count: This was done by at 546nm. The procedure was repeated for the blank

diluting blood 1:200 in a red blood cell pipette with Natt without the sample and that of the standard. The AST

& Herrick solution and counting the number of red activity was determined by the calibration curve

blood cells (RBC) using an improved Neubauer provided in the kit.

haematocytometer. This procedure allows for direct Alanine aminotransferase (ALT) activity: This

counting of both the red blood cells and white blood method described by Nwobodo et al.29 was employed.

cells in avian species. Whole anti-coagulated blood was The clotted blood sample was centrifuged, and serum

diluted with Natt & Herrick’s solution in a standard red was collected and 0.1 ml was dispensed into test tube

blood cell diluting pipette at a dilution factor of 200. The and 0.5 ml of PBS was added, mixed together and

diluted blood was allowed for a minute to homogenize incubated at 37°C for 30 min. After which 2, 4-

after which it was transferred into the hemacytometer dinitrophenylhydrazine was added into the test tube,

counting chamber. After powering the hemacytometer, mixed together and allowed to stand for 20 min. Sodium

the contents were allowed to settle for approximately 3 hydroxide was added into the solution, evenly mixed and

minutes. Then counts were done under the microscope allowed to stand for 5 min after which the absorbance

using 40X objective.11 was read at 546 nm. The procedure was repeated for the

Total and differential WBC count: Thin blood films blank without the sample and that of the standard by

were made and stained with Giemsa stain. Examination adding the standard in place of the sample. The ALT

was done microscopically under oil immersion using 10x activity was determined by the calibration curve

and 40x objectives and up to 50 fields were examined for provided in the kit.

cellular characterization. White blood cells were counted Heart function test

according to the estimated cell count protocol as Lactate dehydrogenase (LDH) activity: The method

described by Fudge.27 For each blood smear a minimum described by Sigma-Aldrich. One vial of NADH (Sigma)

of 200 white blood cells were counted for determination was reconstituted with 3 ml of buffer and substrate. Two

of differential WBC values. To reduce variations in the (2) ml of this mixture was added to 0.06 ml of serum.

differential white blood cell counts, the counts were The absorbance was read after 0.5, 1.0, 2.0 and 3.0 min


	done in duplicate. 11	against the reagent blank at 340 nm.

	Haemoglobin: Haemoglobin (Hb) was determined by	LDH activity (u/l) = 4921 X A 340 nm/min

	spectrophotometer at 540 nm using Drabkin ’ s solution	Kidney function test

	as described by Cheesbrough. 28 Whole blood was diluted	Creatinine : This was determined using the method



in Drabkin’s solution containing potassium cyanide and described by Cheesbrough.30 Two millilitres (2 ml) of

potassium ferri-cyanide, Hb was oxidized to creatinine reagent (prepared by mixing equal volumes of

methaemoglobin by potassium ferricyanide, the sodium dodecyl sulphate, phosphate borate buffer and

methaemoglobin was further converted to piuric acid) was added in different test tubes for the

cyanmethaemoglobin by the potassium cyanide. The blank, test and standard. This was followed by addition

absorbance of the solution was measured in a of 0.2 ml distilled water to the blank, 0.2 ml serum to the

spectrophotometer at wavelength of 540 nm against test and 0.2 ml standard (0.362 g anhydrous creatinine in

Drabkin's solution as a blank. The results were expressed 100 ml HCl) to the standard test tubes. The contents of

in g/dL. the test tubes were thoroughly mixed and allowed to

Liver function test stand for 90 min at room temperature. Then the

Aspartate amino transferase (AST) activity: This absorbances were checked at 490 nm. The other sets of

was carried using the method described by Nwobodo et test tubes containing the blank test and standard test

al.29 The blood sample was centrifuged and the serum reagents were then added 0.05 ml of 60% acetic acid

was collected, then 0.1 ml was dispensed into test tube reagent and allowed for 6 min. The absorbances were

(Pyrex), 0.5 ml of PBS was added and mixed thoroughly. also checked at 490 nm. The differences in the

This was incubated at 37°C for 30 min. Then 2, 4- absorbances of the former and the later were determined

dinitrophenylhydrazine was added to the mixture, evenly after the instrument was zeroed with the acidified blank

homogenized and allowed to stand for 20 min. Then solution.
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Creatinine (mg/dl) = AT X CS for a period of 3 mins and lastly in 95% ethanol for 3

AS mins as well. The slides were stained with hematoxylin

AT= Absorbance test (7 mins) and eosin (30 secs), allowed to dry and mounted

AS= Absorbance of the standard using a mounting medium and viewed under the light

CS= Concentration of the standard microscope using 10X and 40X objectives.

Experimented set up to determine the effectiveness Statistical Analysis: Data were presented as mean ±

of the botanic preparations against Newcastle virus standard deviation (SD), percentages, tables, and figures.


	in vivo: A total of 32 broiler chicks were randomly	Statistical	significance	was determined using one-way

	divided into eight groups (A – H) of four birds each, and	Analysis	of Variance	(ANOVA) at a 95% confidence



their initial body weights were recorded. Group A level (p < 0.05), followed by pairwise comparisons using

received 0.2 ml of the viral suspension only. Groups B, Student's t-test to identify specific group differences. All

C, D, E, F, and G were administered 0.5 ml of turmeric statistical analyses were conducted using IBM SPSS

extract, garlic extract, turmeric+garlic extract, allicin, Statistics version 26.0, and a p-value of less than 0.05 was

curcumin, and allicumin, respectively, via intraperitoneal considered statistically significant for all tests.32,21

injection for three consecutive days, after which they

received 0.2 ml of the viral suspension, followed by RESULTS

continued extract administration for an additional three Acute toxicity results

days (total six days of treatment). Group H served as the The acute toxicity assessment revealed that all prepared

untreated control and received only feed and water. samples were completely safe in broiler chicks. As

Body weights were recorded daily for each chick prior to presented in Table 1, no mortality was recorded in any

extract administration throughout the experimental of the experimental groups (G1-G7) throughout the 72-

period. hour observation period. All four chicks in each group

Examination of experimented chickens: The broiler survived, with zero deaths recorded at 24, 48, and 72

chicks were examined daily for 14 days for obvious hours post-administration. This indicated that turmeric

pathological signs such as depression, loss of appetite, extract, garlic extract, turmeric+garlic extract, allicin,

facial edema, coughing and sneezing, ruffled feathers, curcumin, and allicumin exhibited no acute toxic effects

greenish yellow diarrhea, paralysis of legs and death. The at the administered dose of 0.5 ml per chick when

protection rates of the bioactive preparations were compared to the untreated control group.

determined. Gross postmortem examination of the liver Body weight changes in toxicity study: The body

and spleen, abnormalities like heamorrhage in the weight changes of the chicks in the toxicity study were

intestinal tracts (duodenum, jejunum and ileum), caecal monitored daily for four days. As shown in Table 2, all

tonsils, petechial heamorrhage in the proventriculus, groups demonstrated progressive weight gain

swollen proventriculus, severe eyelid oedema, greenish throughout the experimental period. Group G6

content in the gizzard, measurement of the weight of the (allicumin) showed the highest final body weight of

spleen and liver was carried out after 2 weeks.31 190.01 ± 1.31 g on day 4, which was comparable to the

Histopathological examination of internal organs: control group (190.67 ± 1.41 g). Group G5 (curcumin)

The histopathological study according to the method of also exhibited substantial weight gain, reaching 189.14 ±

Hashemi et al.25 was carried out at Ife’s medical 1.24 g. The lowest final weight was observed in Group

laboratory Regina ceali, Awka. A portion of the organs G2 (garlic extract) at 171.12 ± 1.44 g. Statistical analysis

(liver and spleen) of the euthanized birds were fixed in using one-way ANOVA revealed that the observed

10% neutral buffered formalin. The formalized samples differences in body weight among all treated groups and

were cut into sections and placed into cassettes followed the control group were not statistically significant (p >

by dehydration in graded alcohol concentrations. The 0.05), indicating that the extracts did not adversely affect

dehydrated tissues were cleared in xylene for 1 h and growth performance.

embedded in molten wax using an embedding mould. Organ weights in toxicity study: The organ weights

Upon solidification, 5 µm thick sections were made with of the chicks (liver, spleen, and kidney) were assessed to

a microtome, floated on a water bath and picked with a evaluate potential organ toxicity. As presented in Table

slide. The sectioned tissues were dewaxed with xylene 3, all organ weights were within normal physiological

for 10 mins and subjected to 4 cycles of absolute ethanol ranges with minimal variations across groups. The liver
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weights ranged from 6.08 ± 0.17 g (G2) to 6.14 ± 0.11 g A) experienced significant weight loss, dropping from

(G1), while spleen weights ranged from 0.21 ± 0.01 g 139.60 ± 1.82 g to 113.02 ± 1.17 g over the six-day

(G2) to 0.24 ± 0.01 g (G1, G3, G5, and G7). Kidney period. Statistical analysis using Student's t-test revealed

weights varied between 0.65 ± 0.01 g (G7) and 0.71 ± that the body weights of allicumin-treated and control

0.01 g (G2). The slight differences observed in organ chicks were significantly higher (p < 0.05) than those of

weights were not statistically significant (p > 0.05) when the virus-infected group. Similarly, organ weights (Table

compared to the control group, confirming that the test 7) were significantly lower (p < 0.05) in the virus-

samples did not induce organomegaly or organ atrophy. infected group (liver: 3.47 ± 0.11 g; spleen: 0.14 ± 0.01

Organ function parameters: The organ function g) compared to all protected groups, with allicumin-

parameters, including heart function (LDH), kidney treated chicks showing organ weights closest to the

function (creatinine), and liver function (ALT and AST), control (liver: 6.19 ± 0.11 g; spleen: 0.28 ± 0.01 g).

were evaluated and presented in Table 4. LDH values Pathological features and histopathological

ranged from 12.116 ± 0.31 u/l (G5) to 12.142 ± 0.31 u/l findings: The pathological examination (Table 8)

(G1), showing minimal variation across groups. demonstrated that allicumin-treated chicks (Group G)

Creatinine levels were also comparable, ranging from exhibited no clinical signs of Newcastle disease, similar

0.3824 ± 0.21 mg/dl (G7) to 0.3856 ± 0.29 mg/dl (G3). to the control group (Group H), with zero incidences of

ALT and AST activities were similar across all groups, sneezing, nasal discharge, anorexia, greenish diarrhea,

with AST values ranging from 25.10 ± 0.22 u/l (G7) to dropping wings, muscular tremor, paralysis, or death. In

27.50 ± 0.21 u/l (G3). Statistical analysis revealed no contrast, the virus-infected group (Group A) showed

significant differences (p > 0.05) between the treated severe pathological features including anorexia (4/4),

groups and the control for all organ function parameters, death (4/4), greenish diarrhea (3/4), dropping wings

indicating that the extracts did not compromise cardiac, (3/4), and muscular tremor (3/4). Histopathological

renal, or hepatic functions. examination confirmed these findings: the liver and

Hematological parameters: The hematological spleen of allicumin-treated chicks (Plates 7 and 8)

parameters, including hemoglobin (Hb), red blood cells showed normal architecture with unremarkable changes,

(RBC), white blood cells (WBC), and differential counts, comparable to the control group (Plates 9 and 10).

were assessed and presented in Table 5. The WBC count However, the virus-infected group (Plates 11 and 12)

was notably elevated in Group G6 (allicumin) at 4.94 ± displayed moderate micro and macro vesicular steatosis,


	0.21 × 10	⁹ /l, which		corresponded	with		the	highest	portal	triaditis	in the	liver,	and reactive			follicular

	lymphocyte	count	of	60.15 ±	0.60%	and	the	lowest	hyperplasia	with	sinusoidal	congestion		in	the	spleen.

	neutrophil	count	of	39.50	± 0.54%.		Group	G3	Other	extracts	showed	varying	degrees	of	protection,	

	(turmeric+garlic	extract)		also	showed	elevated		WBC	with	turmeric+garlic		extract	(Group	D)		exhibiting



(4.55 ± 0.08 × 10⁹/l) and lymphocytes (56.20 ± 0.60%). severe steatosis (Plate 15), while curcumin (Group F)

Hb values ranged from 9.40 ± 0.35 g/dl (G2) to 9.80 ± showed mild steatosis (Plate 1). The histopathological

0.31 g/dl (G6), while RBC counts ranged from 3.60 ± differences between allicumin-treated groups and other

0.17 × 10¹²/l (G2) to 4.15 ± 0.19 × 10¹²/l (G6). Despite extract-treated groups were significant (p < 0.05),

these variations, one-way ANOVA confirmed that all confirming that allicumin conferred superior

hematological differences were statistically non- prophylactic protection against Newcastle disease virus-

significant (p > 0.05) compared to the control group, induced pathological changes.

suggesting immunomodulatory effects without

pathological alterations.

Protective effects against Newcastle Disease Virus:

The efficacy study revealed that allicumin (Group G)

provided the most superior protection against Newcastle

disease virus. As shown in Table 6, allicumin-treated

chicks maintained progressive weight gain from 139.27

± 1.51 g on day 1 to 189.56 ± 1.22 g on day 6, which

was comparable to the control group (189.81 ± 1.12 g).

In contrast, the virus-infected untreated group (Group
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Table 1: Acute toxicity of the Allicumin

Number of Death After


	Group	N	24 h	48 h	72 h	NS

	G1	4	0	0	0	4

	G2	4	0	0	0	4

	G3	4	0	0	0	4

	G4	4	0	0	0	4

	G5	4	0	0	0	4

	G6	4	0	0	0	4

	G7	4	0	0	0	4



N = Total number of chicks; NS = Number of chicks that survived; G1= turmeric extract, G2= garlic extract, G3= turmeric + garlic

extract, G4= allicin, G5= curcumin, G6= allicumin, G7= control

Table 2: Body weights of the experimented chicks during the experimental period

Group Day 1 (g) Day 2 (g) Day 3 (g) Day 4 (g) p-value Significance

G1 133.12 ± 1.22 152.27 ± 1.19 171.12 ± 1.37 184.64 ± 1.27 0.078 NS

G2 133.52 ± 1.17 150.06 ± 1.71 164.32 ± 1.14 171.12 ± 1.44 0.092 NS

G3 133.06 ± 1.12 152.36 ± 1.11 172.06 ± 1.12 186.14 ± 1.09 0.065 NS

G4 133.62 ± 1.14 151.29 ± 1.07 168.17 ± 1.14 176.91 ± 1.22 0.081 NS

G5 133.42 ± 1.16 152.42 ± 1.12 173.09 ± 1.08 189.14 ± 1.24 0.074 NS

G6 133.32 ± 1.31 152.86 ± 1.32 173.37 ± 1.22 190.01 ± 1.31 0.069 NS

G7 133.02 ± 1.42 152.91 ± 1.12 173.87 ± 1.12 190.67 ± 1.41 - Control

Key: NS = Not statistically significant (p > 0.05); p-values were determined using one-way ANOVA at 95% confidence level compared

to the control group (G7).

Table 3: Organ weights of the experimented broiler chicks

Group Liver (g) Spleen (g) Kidney (g) p-value Significance

G1 6.14 ± 0.11 0.24 ± 0.01 0.68 ± 0.01 0.342 NS

G2 6.08 ± 0.17 0.21 ± 0.01 0.71 ± 0.01 0.287 NS

G3 6.13 ± 0.22 0.24 ± 0.01 0.68 ± 0.01 0.356 NS

G4 6.10 ± 0.11 0.22 ± 0.01 0.66 ± 0.01 0.321 NS

G5 6.12 ± 0.14 0.24 ± 0.01 0.66 ± 0.01 0.338 NS

G6 6.13 ± 0.11 0.23 ± 0.01 0.66 ± 0.01 0.347 NS

G7 6.12 ± 0.14 0.24 ± 0.01 0.65 ± 0.01 - Control

Key: NS = Not statistically significant (p > 0.05); p-values were determined using one-way ANOVA at 95% confidence level compared to the control

group (G7).

Table 4: Organ functions of the experimented chicks

Group LDH (u/l) Creatinine (mg/dl) ALT (u/l) AST (u/l) p-value Significance

G1 12.142 ± 0.31 0.3846 ± 0.21 16.710 ± 1.71 26.90 ± 0.37 0.412 NS

G2 12.118 ± 0.47 0.3852 ± 0.21 16.770 ± 1.76 27.20 ± 0.37 0.398 NS

G3 12.122 ± 0.31 0.3856 ± 0.29 16.790 ± 1.61 27.50 ± 0.21 0.385 NS

G4 12.121 ± 0.31 0.3831 ± 0.21 16.520 ± 1.61 25.70 ± 0.37 0.421 NS

G5 12.116 ± 0.31 0.3827 ± 0.29 16.490 ± 1.61 25.40 ± 0.22 0.434 NS

G6 12.117 ± 0.47 0.3829 ± 0.21 16.560 ± 1.76 25.90 ± 0.21 0.427 NS

G7 12.118 ± 0.47 0.3824 ± 0.21 16.460 ± 1.61 25.10 ± 0.22 - Control

Key: NS = Not statistically significant (p > 0.05); p-values were determined using one-way ANOVA at 95% confidence level compared to the control

group (G7). LDH = Lactate dehydrogenase; ALT = Alanine aminotransferase; AST = Aspartate aminotransferase.
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Table 5: Hematological parameters of the experimented chicks

Group Hb RBC WBC Lymphocytes Neutrophils Monocytes p- Significance

(g/dl) (×10¹²/l) (×10⁹/l) (%) (%) (%) value

G1 9.60 ± 3.90 ± 3.52 ± 45.10 ± 0.57 43.40 ± 0.54 0.27 ± 0.07 0.156 NS

0.30 0.17 0.12

G2 9.40 ± 3.60 ± 3.45 ± 42.30 ± 0.57 47.10 ± 0.38 0.35 ± 0.05 0.178 NS

0.35 0.17 0.15

G3 9.70 ± 4.10 ± 4.55 ± 56.20 ± 0.60 42.20 ± 0.38 0.29 ± 0.07 0.134 NS

0.30 0.22 0.08

G4 9.50 ± 3.70 ± 3.70 ± 44.50 ± 0.60 55.10 ± 0.46 0.31 ± 0.05 0.167 NS

0.35 0.21 0.15

G5 9.70 ± 4.10 ± 3.85 ± 49.10 ± 0.35 50.15 ± 0.54 0.27 ± 0.07 0.149 NS

0.35 0.19 0.12

G6 9.80 ± 4.15 ± 4.94 ± 60.15 ± 0.60 39.50 ± 0.54 0.33 ± 0.06 0.128 NS

0.31 0.19 0.21

G7 9.50 ± 3.80 ± 2.35 ± 40.00 ± 0.57 58.15 ± 0.54 0.30 ± 0.06 - Control

0.31 0.19 0.12

Key: NS = Not statistically significant (p > 0.05); p-values were determined using one-way ANOVA at 95% confidence level compared to the control

group (G7). Hb = Hemoglobin; RBC = Red blood cell; WBC = White blood cell.

Table 6: Body weights of the experimented chicks in the treated and untreated groups


	Group	Day 1		Day 2		Day 3		Day 4		Day 5		Day 6		p-value	Significance

	A	139.60	±	119.17	±	114.60	±	114.31	±	113.21	±	113.02	±	0.001	S

		1.82		1.06		1.03		2.01		1.07		1.17			

	B	139.20	±	153.06	±	157.35	±	160.21	±	165.46	±	166.12	±	0.087	NS

		1.42		1.22		1.41		1.62		1.27		1.03			

	C	137.82	±	142.21	±	141.07	±	147.26	±	146.22	±	148.03	±	0.094	NS

		1.73		1.91		1.33		1.51		1.09		1.13			

	D	138.22	±	146.17	±	153.21	±	161.62	±	168.37	±	169.72	±	0.076	NS

		1.42		1.61		1.43		1.14		1.22		1.21			

	E	139.06	±	145.22	±	144.81	±	147.18	±	151.86	±	152.16	±	0.091	NS

		1.21		1.21		1.21		1.08		1.24		1.31			

	F	138.98	±	158.13	±	182.07	±	184.31	±	187.17	±	188.34	±	0.069	NS

		1.08		1.07		1.92		1.02		1.31		1.19			

	G	139.27	±	163.22	±	184.16	±	186.71	±	188.61	±	189.56	±	0.058	NS

		1.51		1.34		1.27		1.33		1.22		1.22			

	H	138.82	±	164.42	±	184.31	±	187.01	±	188.42	±	189.81	±	-	Control

		1.12		1.02		1.16		1.42		1.61		1.12			



Table 7: Organ weights of the experimented broiler chicks administered the extracts and viral sample

Group Liver (g) Spleen (g) p-value Significance

A 3.47 ± 0.11 0.14 ± 0.01 0.001 S

B 6.47 ± 0.19 0.24 ± 0.01 0.082 NS

C 5.44 ± 0.12 0.20 ± 0.01 0.097 NS

D 6.39 ± 0.17 0.26 ± 0.01 0.071 NS

E 5.65 ± 0.11 0.23 ± 0.01 0.088 NS

F 6.06 ± 0.14 0.27 ± 0.01 0.065 NS

G 6.19 ± 0.11 0.28 ± 0.01 0.059 NS

H 6.17 ± 0.14 0.28 ± 0.01 - Control

Key: S = Statistically significant (p < 0.05); NS = Not statistically significant (p > 0.05); p-values were determined using one-way ANOVA at 95%

confidence level compared to the control group (H). A = viral sample, B = turmeric extract, C = garlic extract, D = turmeric + garlic extract, E = allicin,

F = curcumin, G = allicumin, H = control.
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Table 8: Pathological features of the protected and unprotected chicks against Newcastle virus infection (N = 4)


	Pathological feature	A	B	C	D	E	F	G	H	p-value	Significance

	Sneezing	2	2	2	2	2	0	0	0	0.042	S

	Nasal discharge	2	0	2	1	0	0	0	0	0.038	S

	Anorexia	4	2	3	2	2	2	0	0	0.001	S

	Coughing	0	0	0	0	0	0	0	0	-	NS

	Greenish diarrhea	3	0	2	0	1	0	0	0	0.001	S

	Dropping wings	3	1	2	1	0	0	0	0	0.001	S

	Muscular tremor	3	2	2	1	1	1	0	0	0.004	S

	Paralysis	2	0	1	0	0	0	0	0	0.021	S

	Death	4	0	2	0	1	0	0	0	0.001	S



Key: S = Statistically significant (p < 0.05); NS = Not statistically significant (p > 0.05); p-values were determined using Chi-square test at 95% confidence

level compared to the control group (H). A = viral sample, B = turmeric extract, C = garlic extract, D = turmeric + garlic extract, E = allicin, F =

curcumin, G = allicumin, H = control.

RFH

Plate 1: Group F, Liver- High power photomicrograph Plate 2: Group F, Spleen- High power

(x40 objective) showing liver with mild micro and macro photomicrograph (x40 objective) with reactive follicular

vesicular steatosis (indicated by the small and large hyperplasia (RFH).

arrows).

Whitish spaces

indicative of fatty

changes

Plate 4: Group C, Spleen- with reactive follicular

Plate 3: Group C, Liver- High power photomicrograph hyperplasia (indicated by the encircled dark areas, while

(x40 objective) showing liver with moderate micro and the non-encircled light areas indicated the follicles) at x

macro vesicular steatosis. 10 magnification (Objective lens).
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Plate 5: Group E, Liver- 

High power photomicrograph 

(x40 objective) showing liver with moderate micro and 

macrovesicular steatosis (shown in the rectangular box)

Plate 

6: 

Group 

E, 

Spleen-

 

with 

reactive 

follicular 

hyperplasia (indicated by the encircled dark areas, while 

the non-encircled light areas indicated the follicles) at x 

10 magnification (Objective lens). 

 

 

 

Plate 

7: 

Group 

G, 

Spleen- 

with 

reactive 

follicular 

hyperplasia (indicated by the encircled dark areas, and 

GC stands for germinal center) at x 10 magnification 

(Objective lens).

Plate 

8: 

Group 

G, 

Liver- 

medium 

power 

photomicrograph 

(x10 

objective) 

showing 

liver 

with 

unremarkable changes.  
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Plate 

9: 

Group 

H, 

Spleen-

 

with 

primary 

follicles 

(without 

germinal 

centers) 

at 

x 

10 

magnification 

(Objective lens).

Plate 

10: 

Group 

H, 

Liver- 

High 

power 

photomicrograph 

(x40 

objective) 

showing 

liver 

with 

unremarkable changes

 

 

 

        

 

Plate 11: Group A, Spleen- 

Medium magnification

 

x 10 

(Objective lens) showing reactive follicular hyperplasia 

and sinusoidal congestion.

Plate 

12: 

Group 

A, 

Liver- 

High 

power 

photomicrograph 

(x40 

objective) 

showing 

liver 

with 

moderate micro and macro vesicular steatosis and portal 

triaditis (as seen in the encircled areas).
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Plate 

13: 

Group 

B, 

Liver

- 

High 

power 

photomicrograph 

(x40 

objective) 

showing 

liver 

with 

mild micro and macro vesicular steatosis (indicated by 

the small and large arrows).

 

Plate 

14: 

Group 

B, 

Spleen- 

Medium 

power 

photomicrograph 

(x10 

objective 

lens) 

with 

reactive 

follicular hyperplasia.

 

 

 

 

 

 

              

 

 

Plate 15: Group D, Liver- 

High power  

 

 

Plate 16: Group D, Spleen

- with reactive 

 photomicrograph (x40 objective) showing  

 

 

follicular hyperplasia at x 10 magnification 

 liver with severe micro and macro vesicular steatosis 

 

(Objective lens) 
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DISCUSSION Newcastle virus was more efficient in reducing mortality.

The rise in weight of the broiler chicks with no The ability of allicumin and other plant preparations to

significant difference to the control groups to the have different degree of protective and inhibitive ability

toxicity check of the concentration of the prepared in broiler chicks and virus respectively as seen in this

samples employed in this experiment comply with the study with allicumin being the most efficient agrees with

finding of many researchers.25,33,34,35,13 Similar effect was the findings of Al-Hadid.47

observed in the liver, spleen and kidney which showed The presence of reactive follicular hyperplasia,

little or no change in weight and this was in line with the sinusoidal congestion, vesicular steatosis and portal


	findings of	Hashemi et al . 25 but disagrees with that of	triaditis in the spleen and liver of untreated group

	Nouzarian	et al . 33 who reported that curcumin reduced	respectively agrees with the findings of Bakari 11 , Brar et



the relative weight of the liver in treated group compared al.48, Oyebanji et al.49 and Fawzy et al.50 The little or no

to the control. The little or no difference in the organ, change observed in the normal histology of the treated

liver and kidney function agrees with the findings of El- groups agrees with the findings of Bakari 11, Shihab 51

Katcha et al.35 but contrary to the findings of Hashemi et and Hidayah et al.37 which recorded steatosis and

al.25 who reported a decrease in the AST, ALT and ALP infiltration of mononuclear cells (follicular hyperplasia)

levels. This could be because of difference in the dosing, in treated groups at different dosing. The severe micro

solvents and preparation method used in extracting the and macro steatosis in the liver of the group D that

plants. The result of the hematological parameters agrees received turmeric+garlic extracts agrees with the

with the findings of El-Katcha et al.35 Sule et al.36 and findings of Al-Sultan and Gomeel 52 who reported that

Hidayah et al.37 turmeric intake induced changes in the liver of broiler

The protective effect of the allicumin and other botanic chicks. The absence of no change in the normal

preparations with reference to the body weight and structure of the organs of the control and allicumin

organ weight change and pathological features showed treated groups is concurrent with the findings of

that the prepared samples possessed antiviral effect Bakari.11

against Newcastle virus. The daily increase in weight of A major strength of this study is its comprehensive

the protected chicks was in accordance to the findings toxicological evaluation, which assessed multiple

of numerous researchers.38,34,39,31 The decline in weight parameters including mortality, organ weights,

was in line with the report of Hassan et al.40 The biochemical functions, and hematological profiles,

difference in the weight of the organs of the liver and providing robust evidence for the safety of the test

spleen of all the treated groups was in accordance to the compounds. The finding that all treatments, particularly

findings of Al-Sultan, and Zaki et al.31 who reported that allicumin, exhibited no acute toxicity while maintaining

turmeric had a positive impact on the organ weight of normal organ architecture and function is clinically

treated groups. This could be because of the antioxidant significant. However, the study has notable limitations.

effect of these extracts as reported by Zaki et al.31 The acute toxicity assessment was conducted over only

The reduction in the pathological features of the virus 72 hours with a single dose, which cannot capture

among treated broiler chicks, corroborated with the chronic or cumulative toxic effects that may emerge with

findings of Madbouly et al.41, Eze et al.42, Bakari11, Sule et prolonged exposure. Additionally, the small sample size

al.36, Faeji et al.9 and Taman et al.46 This could be as a of four chicks per group limits the statistical power to

result of the ability of the phytochemical constituent in detect subtle differences, and the use of healthy broiler

these plants majorly allicumin (allicin and curcumin) in chicks may not fully represent safety in

preventing the entry, and replication of the virus in its immunocompromised or diseased populations. The lack

host cell and further egress of the infectious virions into of a positive control in the toxicity study also restricts

the infected host cell. Similar findings were reported by comparative interpretation.

many researchers.41,43,7,44,45 Administration of the The results have important implications for the

extracts before infection with the virus lead to no death development of natural antiviral agents in poultry

in the allicumin, turmeric, turmeric+garlic and curcumin production. The superior protective efficacy of allicumin

treated groups and reduced mortality rates in the garlic against Newcastle disease virus, evidenced by preserved

and allicin treated groups and this agrees to the reports weight gain, normal organ weights, and absence of

of Taman et al.46 and Faeji et al.9 who reported that pathological lesions, suggests its potential as a

prophylactic treatment on broiler chicks against prophylactic alternative to conventional vaccines or
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antiviral drugs. The immunomodulatory effects well as specific national laws where applicable. All

indicated by elevated WBC and lymphocyte counts in experiments have been examined and approved by the

allicumin-treated groups warrant further investigation appropriate ethics committee.

into its mechanism of action, possibly involving Authors Contributions: All authors contributed

enhanced cellular immunity. These findings could lead towards the study design, experiment execution, data

to practical applications in reducing economic losses analysis, and manuscript drafting.

from Newcastle disease outbreaks, particularly in regions Availability of Data and Materials: All datasets

with limited vaccine access. Future studies should analyzed and described during the present study are

evaluate chronic toxicity through repeated-dose available from the corresponding author upon

regimens, investigate optimal dosing protocols, and reasonable request.

explore the molecular pathways underlying allicumin's Disclosure in AI use: Nil

antiviral activity. Field trials in commercial poultry
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