This is an open-access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research Article

P-ISSN: 2304-3075; E-ISSN: 2305-4360

International Journal of Veterinary Scignee 3 Z
www.ijvets.com; editor@ijvets.com '%*USI:?’

_TIFIC
@&g- “
R S gé

=

https://doi.org/10.47278/journal.ijvs/2023.099

Efficacy of Phyto-Genic Products to Control Field Coccidiosis in Broiler Chickens

Alaa M. Hailat*, Anas M. Abdelgader* and Mohammad H. Gharaibeh?

!Department of Animal Production, School of Agriculture, the University of Jordan, Amman 11942, Jordan
2Department of Basic Veterinary Medical Science, Faculty of Veterinary Medicine, Jordan University of Science and

Technology, P.O. Box 3030, Irbid 22110, Jordan
*Corresponding author: Hailat83@yahoo.com

Article History: 23-272 Received: 21-Aug-23

Revised: 14-Sep-23

Accepted: 21-Sep-23

ABSTRACT

The primary objective of this study was to evaluate the effectiveness of utilizing commercially available Phyto-genic
products in preventing and controlling field coccidiosis in broiler chickens, compared to the most used chemical
drugs. Five treatment groups were established, with a random allocation of 12,000 1-day-old broiler chicks. Six
repetitions were conducted for each treatment, with 400 birds in each repetition. Three commercial formulas of Phyto-
genic origin (Phyto-1, Phyto-2, Phyto-3) were used. Nicarbazin and Narasin, chemical drugs, were assigned as the
control group. These products were added to the basal diets (BD) to formulate 5 dietary treatments (T): (T1) control
fed BD supplemented with (Maxiban®) in starter and (Monteban®) in grower and finisher diets; (T2) fed BD
supplemented with (Maxiban®) in starter diet and Phyto-1 (Aflocox D®) in grower and finisher feed diet; (T3) fed BD
+ Phyto-1; (T4) fed BD + Phyto-2 (Aflocox plus®), and (T5) fed BD + Phyto-3 (Herb-All COCC-X®). The results
showed that the Phyto-genic blends improved the body weight, body weight gain, and overall feed conversion ratio to
a level similar to that of the group fed the chemical coccidiostat drugs, with no significant differences among them. As
well, mortality and lesion scores were not affected (P>0.05) among treatments. The study concluded that these Phyto-
genic blends can be safely used as alternatives to the chemically synthesized drugs, either alone or in a shuttle

program, for the control of poultry coccidiosis.
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INTRODUCTION

The poultry industry faces significant challenges due
to internal parasitic diseases that cause chronic losses
without external symptoms. Among these diseases, avian
coccidiosis is the most prevalent, attributed to nine
distinct Eimeria (E) species responsible for causing
coccidiosis in  domestic chickens (Gallus gallus
domesticus) (Bachaya et al. 2015). These species include
E. maxima, E. acervulina, E. tenella, E. necatrix, E.
brunetti, E. mitis, E. praecox, E. Hagani, and E. mivati
(Shirley et al. 1983; Vrba et al. 2011), coccidiosis costs
the industry approximately 7.7 to 13.0 billion pounds per
year in prophylaxis, treatment, and production losses
(Blake et al. 2020). Several aspects contribute to
coccidiosis development, featuring a direct life cycle,
transmission through fecal-oral transmission, the presence
of resistant sporulated oocysts and resistant strains (Abbas
et al. 2011), and a significant potential for oocyst
reproduction. (Remmal et al. 2011; Hayajneh et al. 2024).

In the context of control, the enduring and formidable
immunity elicited by Eimeria infections highlights
vaccination as a potent alternative to anticoccidial
medications (Chapman et al. 2002; Allen et al. 2005).
However, vaccines might induce severe hemorrhagic
reactions or malabsorptive coccidiosis, leading to a
decrease in the performance and uniformity of the flock
especially when it coincides with poor management
(Shirley et al. 2005).

Since the 1950s, the majority of broiler chickens have
been raised with the inclusion of an anticoccidial drug in
their diet (Chapman 2001). Approximately 99% of
broilers were reared using at least one feed containing an
anticoccidial drug (Chapman 2009). Microbial infections
negatively affect poultry production, and antibiotics are
no longer effective due to antibiotic-resistant bacteria
(Chapman et al. 2002; Abbas et al. 2011; Swelum et al.
2021; Yaqoob et al. 2021). As a result of persistent
pressure from governments and consumers to prohibit the
administration of drugs in animals meant for human
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consumption, alternative methods for managing
coccidiosis has emerged (Abbas et al. 2015, 2019, 2017c;
Khater et al. 2020; Kandeel et al. 2022). Phyto-genic
compounds such as phenolic compounds, peptides, and
essential oils offer a solution to this problem, due to their
role as potent antimicrobial agents effective against Gram-
negative and/or Gram-positive bacteria (Abou-Kassem et
al. 2021; El-Tarabily et al. 2021).

More than 1200 plants possess antiprotozoal effects.
A selection of these plants has been utilized in poultry
diets due to their capacity to promote growth and trigger
natural immune responses (Willcox and Bodeker 2004;
Muthamilselvan et al. 2016). The recent attitude in the
world is to produce chickens without using any drugs or
chemotherapy to obtain products free of drug residues
which negatively influences human health and the
development of more drug-resistant strains.

Herbal mixers or extracts are commercially available,
and the combinations are already used in some countries for
coccidiosis control (Abbas et al. 2010, 2012; Zaman et al.
2012; Idris et al. 2017; Hussain et al. 2022; Jamil et al.
2022; Hussain et al. 2023). Most of these natural
compounds and their component can have an effect directly
on the parasite by interfering oocyst wall formation and
inhibiting sporulation (del Cacho et al. 2010; Abbas et al.
2015; Fatemi et al. 2015), in addition to their potential to
improve intestinal health status to help the host to fight
against the coccidial infection and fasten the recovery rate
because the herbal compounds have immunomodulatory,
antioxidative and anti-inflammatory effects (Abbas et al.
2012; Wunderlich et al. 2014; Abbas et al. 2017a, 2017b;
Hussain et al. 2017; Idris et al. 2017; Hussain et al. 2023).
Additionally, the probability of developing resistance to
natural products is less than that associated with
anticoccidial drugs (Quiroz-Castafieda and Dantan-
Gonzalez 2015; Ashour et al. 2020). Moreover, herbal
extracts may aid in coccidiosis recovery (Arczewska-
Wiosek and Swiatkiewicz 2012). The herbs’ biological
properties, such as their potential anticoccidial effects, have
been attributed to flavonoids and other polyphenols
(Masood et al. 2013). The use of chemically synthesized
anti-coccidial drugs is a necessary practice in Jordan like in
many different parts of the world. The removal of these
drugs from the diets of broiler chickens will allow the
coccidian protozoa to develop very fast in the intestines of
the birds, leading to severe pathogeneses and huge
economic losses (Arczewska-Wiosek and Swigtkiewicz
2013). The aforementioned reasons of health drawbacks for
humans and the emergence of resistant strains of the
microbes, force scientists to find alternatives to chemically
manufactured drugs. Hence, the primary goal of this
research was to examine how a commercial blend of plant
extracts and compounds could be used to manage
coccidiosis in broiler chickens at the field level on a large
commercial scale. The plant-derived products were
compared to ionophore and chemical drug programs.

MATERIALS AND METHODS

Ethical Institutional Review Board (IRB) approval

The experimental protocols were approved by the
Scientific Research Council of the University of Jordan
and approved by the Institutional Animal Care and Use
Committee (72/2021).
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Birds and Housing

A total of 12,000 one-day-old Ross 308 broiler chicks
were purchased from a nearby commercial hatchery for
the purpose of this study. Prior to their arrival at the
experimental site, the chicks received in ovo vaccination
against infectious bursal disease viruses, and at day one,
they underwent course spray vaccination for infectious
bronchitis virus and Newcastle disease virus in the
hatchery. All the broiler chicks were reared in the
experimental house located at the Union for Agricultural
Development and Slaughtering Company (AL-Zarqga,
Jordan). The dimensions of the house were measured to
be 12 x 80 meters, providing adequate space for the
experimental setup. The housing facility comprised a total
of 30 separate concrete floor pens, each covered with a 5
cm layer of wood shavings. All treatments for the
experiment’s purposes were kept in the same house to
ensure equal conditions for all treatments. To ensure
optimal conditions for bird welfare and growth, a fully
closed system was implemented, and the housing facility
was equipped with automated control panels for
environmental parameters such as temperature, light
duration, and ventilation. The stocking density in each pen
was 400 birds carefully managed to ensure that it did not
exceed 32 kilograms per square meter. Throughout the
study, all environmental parameters were meticulously
adjusted in accordance with the Ross 308 broiler
management guide.

Feed and Tested Products and Experimental Design

Basal diets were manufactured at AL-Tahoneh
private feed mill (AL-Zarga, Jordan). The diets were free
of antibiotics and coccidiostats (Table 1). A specialized
computer program (Brill Software V1.36.017) was used to
formulate the basal diets to meet the nutrient requirements
of broilers according to Ross 308 Strain Guideline. All
basal diets were isocaloric and isonitrogenous. The
composition of the basal diets (starter, grower, and
finisher) is shown in Table 1.

Phyto-1 (Aflocox D®) was provided by Innovad®
(Innovad, SA/NV. Belgium). It is a blend of 100% natural
plant bio-active ingredients that have been formulated to
provide four key modes of action to mitigate the risk of
coccidiosis. The bioactive components are saponins,
flavonoids, phenolics, terpenes, carotenoids, and alkaloids.
Phyto-2 (Aflocox plus®) was provided by Innovad®
(Innovad, SA/NV. Belgium). The mixture of dried herbs,
plant extracts, pigment, esterified fatty acids (butyric,
lauric, sorbic acid), medium chain fatty acids (capric,
caprylic), calcium propionate, and essential oils. Phyto-3
(Herb-All COCC-X®, manufactured by Life Circle
Nutrition AG, Switzerland is an herbal blend containing
many plants, the fundamental components of the herbal
blend consist of conessi tree (Holarrhena antidysenterica)
and garlic (Allium sativum). Prominent constituents
encompass flavonoids, triterpenoids, steroidal alkaloids,
tannins, phenolic acids, and saponins. Anticoccidial Premix
(Maxiban®) provided by Elanco™ (Elanco, USA). Maxiban
is a granulated blend, in a 50:50 ratio, of Nicarbazin (a
chemical anticoccidial) and Narasin (an ionophore), acting
synergistically to combat coccidiosis. 10% Narasin Premix
(Monteban®) is an ionophore provided by Elanco™ (Elanco,
USA), Narasin effectively manages coccidia and bacterial
enteritis and protects intestinal integrity.



Table 1: Basal diet composition and nutrient content
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Ingredients unit Starter Grower Finisher
(1-12d) (13-24d) (25-35d)
Corn kg 579.4 616.7 666.5
Soybean Meal kg 370 335 285
Soy oil kg 14 15 20
Limestone kg 14 14 13
Lysine Sulphate kg 3.1 2.3 2.3
Mono calcium phosphate kg 7 5.5 5
Salt kg 2 2 2
Sodium Bicarbonate kg 15 15 15
Threonine kg 13 1 0.7
Methionine kg 35 3 0
L- Valine kg 0.1 0 0
Broiler Mineral Premix kg 1 1 1
Choline Chloride 70% kg 0.4 0.4 0.4
Betaine HCI kg 0.3 0.3 0.3
Broiler Vitamins Premix kg 1.1 1 1
Mycotoxin binder kg 1 1 1
Avizyme 1505 kg 0.2 0.2 0.2
Axtraphy 10000 kg 0.1 0.1 0.1
Total kg 1000.000 1000.000 1000.000
Calculated Analysis
Metabolizable Energy Kcal/kg 3,100.00 3,150.00 3,240.00
Crude Protein % 23 215 19.5
Crude Fat % 4.5 4.7 55
Crude Fiber % 2.3 2.3 2.2
Calcium % 1 0.95 0.9
Avi.Phosphorus % 0.48 0.435 0.395
Digestible lysine % 1.28 1.15 1.03
Digestible methionin % 0.51 0.59 0.5
Digestible methionin +Cysteine % 0.95 0.87 0.8
Digestible threionin % 0.86 0.77 0.69
Digestible valine % 0.96 0.87 0.78
Sodium % 0.16 0.16 0.16
Chloride % 0.19 0.19 0.19
The following dietary treatments (T) were Feed Intake

formulated: (T1) control-fed BD that is commonly used
by broiler farmers and supplemented with (Nicarbazin and
Narasin) in starter, Narasin in grower and finisher diets;
(T2) fed BD supplemented with Nicarbazin and Narasin
in starter diet and Phyto-1 (Aflocox D®) in grower and
finisher feed diet; (T3) fed BD + Phyto-1; (T4) fed BD +
Phyto-2 (Aflocox plus®), and (T5) fed BD + Phyto-3
(Herb-All COCC-X®).

Upon their arrival, the batch of 12,000 chicks was
randomly partitioned into five treatments, with each
treatment receiving its corresponding additive. All
replicates were floor systems, where these replicates were
randomly distributed over the experimental house. Each
treatment contains 2400 birds divided into 6 replicates
with 400 birds per replicate. Table 2 summarizes all
experimental groups and their calculated feed additives as
recommended by manufacturers. This research was done
on a large-scale model which is a real farm status to
investigate if herbal products are able to control naturally
occurring coccidiosis which presents normally in the field
on the floor system of all broiler houses, so no challenge
of coccidial infection was given.

Live Performance and Growth Parameters
Average Body Weight

The body weights of birds were weekly recorded on
days (0, 7, 14, and 28) as part of the study. Fifteen percent
of the birds in each pen were randomly selected for
weighing, and the average body weight (BW) for each
treatment was calculated.
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The amount of feed consumed per floor pen was
measured on days 14 and 28 throughout the study. The
total amount of feed provided to each pen per day was
divided by the total number of chicks to calculate the
average feed intake (FI). The feed conversion ratio (FCR)
was calculated on days 14 and 28. It was determined by
dividing the amount of feed intake (FI) by the average
body weight gain, the data from feed intake (FI) and body
weight gain (BW) were used to calculate the FCR on a
day 14, 28, and as a total at the end of the experiment.

Mortality

All instances of bird mortality were recorded and
weighed on a pen basis. Necropsies were performed on
the deceased birds to determine the cause of death.

Coccidial Lesion Scoring

On day 21 of age, lesion scoring was done by using
the technique outlined by Johnson and Reid (1970). Five
birds from each treatment group were selected in a
random manner, their weights were recorded, and after
euthanasia by cervical dislocation, necropsies were
performed. The intestines were divided into four
sections: upper, middle, lower, and ceca. Each section
was scored separately for lesions. The scoring of lesions
ranged from 0 to 4, with 0 denoting the absence of
lesions and 4 indicating the most severe cases (Johnson
and Reid 1970).
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Table 2: Experimental groups and Phyto-genic and anticoccidial additives used in each dietary phase

Treatment Starter diet Grower diet Finisher diet

Drug/ kg/ton kg/ton kg/ton
T1 Narasin/nicarbazin 0.5 Narasin 0.7 Narasin 0.7
T2 Narasin/nicarbazin 0.5 Phyto-1 0.5 Phyto-1 0.5
T3 Phyto-1 1 Phyto-1 0.5 Phyto-1 0.5
T4 Phyto-2 1 Phyto-2 0.5 Phyto-2 0.5
T5 Phyto-3 1 Phyto-3 1 Phyto-3 0.5

Phyto-1: Aflocox D®, Phyto-2: Aflocox plus®, Phyto-3: Herb-All COCC-X®,

Statistical Analysis

The Statistical Analysis System (SAS Institute, 2010,
Version 9.1.3) was utilized for conducting the statistical
analysis. In this process, each pen was considered as an
experimental unit. The data were tested for normality and
analyzed through one-way ANOVA, which was applied
using the proc GLM procedure of SAS. Results were
considered statistically significant if the p-value <0.05. To
differentiate means for significant interactions, Tukey's
test was used.

RESULTS

Live Performance and Growth Parameters

Effects of different treatments on live performance
and growth parameters are shown in Tables 3-6. The
placement body weight of chicks at day 0 was similar
(P>0.05). The body weight of the birds in the different
treatments followed the normal pattern and was the same
(P>0.05). The results of average body weight gain on days
14 and 28 of age and the average overall body gain
weights were the same with no significant differences
found among the treatments compared to the control
treatment (Tables 3 and 4). The results of average feed
intake at day 14 show significant differences (Table 5),
where T2 and T3 had higher feed intake compared with
T4 and T5, where T3 was the lowest feed intake. There
were no differences in average feed intake at day 28 but
overall average feed intake shows significant differences
among treatment groups (P<0.05), T1, T2, and T5 had
higher feed intake than T3 and T4 (Table 5). The
outcomes of the calculated FCR demonstrated significant
differences in the treatments when compared to the
control treatment at day 14 with no significant difference
at day 28 and in the overall feed conversion ratio (P>0.05)
(Table 6). For mortality percentages, there were no
significant differences recorded among groups.

Coccidial Lesion Scores

The necropsy findings on the euthanized birds
confirmed the presence of a natural incidence of
coccidiosis in all treatments. The results of the effects of
different treatments (T2, T3, T4, and T5) on coccidia
lesion scores showed that there were no significant
differences observed when compared to the control
treatment (T1: Anticoccidials).

DISCUSSION

This study confirmed that there is a strong potential
to control the natural coccidiosis infection in chickens by
using safe Phyto-genic blends. The results of the intestinal
lesion scouring confirmed the incidence of natural

Table 3: Means for the effect of different treatments on body
weight (g) of broiler birds.

Treatments DO D7 D14 D28

T1: Maxiban+ Monteban 42.0 174.0 490.0 1579.0
T2: Maxiban+Phyto-1 420 171.0 486.0 1575.0
T3: Phyto-1 420 170.0 483.0 1564.0
T4: Phyto-2 420 173.0 4910 1570.0
T5: Phyto-3 420 172.0 489.0 1571.0
SEM 0.00 2.7487 4.5338 7.0867
P-Value - 0.9238 0.7293 0.7049

SEM, pooled standard error of the mean. Phyto-1: Aflocox D,
Phyto-2: Aflocox plus, Phyto-3: Herb-All COCC-X.

Table 4: Means for the effect of different treatments on Average
Body Weight Gain (g/bird) of broiler birds.

Treatments Average Body Weight Gain (g/bird)

Day 14 Day 28 Overall
T1: Maxiban+Monteban 450.0 1129.0 1539.0
T2: Maxiban+Phyto-1 ~ 446.0 1129.0 1535.0
T3: Phyto-1 443.0 1121.0 1524.0
T4: Phyto-2 451.0 1119.0 1530.0
T5: Phyto-3 449.0 1122.0 1531.0
SEM 4.5338 3.1091 7.0867
P-Value 0.7293 0.1798 0.7049

SEM, pooled standard error of the mean. Phyto-1: AflocoxD,
Phyto-2: Aflocox plus, Phyto-3 Herb-All COCC-X.

Table 5: Means for the effect of different treatments on Average
feed intake (g/bird) of broiler birds.

Treatments Average feed intake (g/bird)
Day 14 Day 28 Overall
T1: Maxiban+Monteban  499.42 1424.7° 192412
T2: Maxiban+Phyto-1 498.72 1416.9°  1915.6°
T3: Phyto-1 483.5° 14122  1896.7°
T4: Phyto-2 487.1%  1411.7>  1898.8°
T5: Phyto-3 495.3%  1418.7°  1914.02
SEM 2.8867 2.8867 2.8867
P-Value 0.0057 0.0001 0.0001

abe _ means with different letters in the same column are

significantly different at P<0.05; Tukey test after a significant
one-way-ANOVA (P<0.05). SEM, pooled standard error of the
mean. Phyto-1: Aflocox D, Phyto-2: Aflocox plus, Phyto-3:
Herb-All COCC-X.

Table 6: Means for the effect of different treatments on Feed
Conversion Ratio (kg feed/kg gain) of broiler birds

Treatments Feed conversion ratio (kg feed/kg gain)
Day 14 Day 28 Overall
T1: Maxiban+Monteban 1.110% 1.260° 1.2502
T2: Maxiban+Phyto-1 ~ 1.1162 1.256° 1.250°
T3: Phyto-1 1.090bcd 1.260° 1.2432
T4: Phyto-2 1.0804% 1.263° 1.2402
T5: Phyto-3 1.1002b¢ 1.263° 1.2502
SEM 0.0056 0.0025 0.0045
P-Value 0.0009 0.0002 0.3513
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abed _ means with different letters in the same column are

significantly different at P<0.05; Tukey test after a significant
one-way-ANOVA (P<0.05). SEM, pooled standard error of the
mean. Phyto-1: Aflocox D, Phyto-2: Aflocox plus, Phyto-3:
Herb-All COCC-X.



coccidiosis infection in all treatments at the same level.
The occurrence of natural coccidiosis infection is very
common in all birds reared on floor systems. All the
necropsied birds in these treatments showed similar levels
of naturally induced coccidiosis. Amazingly, all Phyto-
genic treatments showed similar levels of lesion scores to
that of birds fed the chemical drugs. In addition, the
performance and mortality rates of all Phyto-genic groups
were similar to those of the chemically treated group. In
response to the drawbacks and adverse effects associated
with the use of chemical coccidiostat drugs on birds,
workers, consumers, and the environment, there has been
a global trend toward replacing chemical products with
natural safe alternatives (Cervantes and McDougald
2023). Commercial herbal products have emerged in
recent years, prompting numerous studies to compare
their efficacy with that of chemical counterparts and
explore their potential as safe, effective, and cost-efficient
alternatives for controlling avian coccidiosis (FEEDAP
2010).

Abbas et al. (2012) has comprehensively reviewed
the effect of a wide range of botanicals against a various
Eimeria species in poultry and concluded that this can be
a promising area for the effective and sustainable solution
of coccidiosis. Likewise, this experiment was designed to
compare the efficacy of a conventional coccidiostat with
natural herbal alternatives. The results demonstrated that
all types of feed additives used in this study effectively
controlled field coccidiosis and can be used to replace the
chemical drugs used to control coccidiosis at the field.
However, no significant differences were observed among
the five trial treatments in terms of average body weight
and daily weight gain (ADWG). Interestingly, the T1
(ionophore and chemical) and T2 (ionophore and
chemical + Aflocox D) treatments exhibited a
significantly higher average feed intake (on day 14)
compared to T4 (Aflocox plus) and T5 (Herb-all COCC-
X), while T3 had the lowest average feed intake. There
were no significant differences in average FI from dayl4
to 28 but the average of overall FI was higher in T1, T2
and T5 compared to T3 and T4. Feed conversion ratio
(FCR) on day 14 was better in T3, T4, T5 than ionophore
and chemical treatment. However, there were no
significant differences on day 28 and in overall FCR.
Diminished oxidative stress in broilers results in elevated
metabolism and greater feed consumption, subsequently
leading to enhanced weight gain and improved FCR in the
groups treated with essential oils, as noted by Ding et al.
(2022); Saeed et al. (2023). The current results are in
general agreements with previous research (Riiegge and
Fayed 2022). All treated groups displayed similar
intestinal lesions resulting from field coccidiosis without
any significant differences. The findings of no effect on
mortality and lesions scoring among all treatments are
similar to what was obtained by other herbal extract blend
(Arczewska-Wtosek and Swiatkiewicz 2012). Both herbal
products and ionophores can reduce intestinal lesion
scores, but they do not entirely eradicate them. These
findings align with the results obtained in vitro studies
conducted by Abbas et al. (2019) and Hussain et al.
(2022). The existence of partially impaired lesions,
incapable of complete sporulation and reinfection, might
trigger the immune system in a way akin to live
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vaccination, as described in previous work (Chapman
1999; Noack et al. 2019).

In contrast to our finding, previous studies reported
that ionophores were more efficient in controlling
coccidiosis compared to herbal extracts (Scheurer et al.
2013). The inefficiency of tested plant extracts, as
compared to the findings of this study, can be attributed to
various factors, involving variations in the plant
composition employed in this study as opposed to other
blends, the inclusion of intact plants, and differences in
the techniques of preparation. However, when compared
with other chemical preparations like monensin, herbal
products demonstrated comparable anticoccidial efficacy
(Song et al. 2020).

Conclusions

The newly designed pure herbal products used in this
experiment exhibit promising potential for controlling
coccidiosis in poultry flocks at a large commercial scale in
the field when the dose is used according to manufacturer
recommendations.  Supported by earlier research
conclusions, this study recommends the replacement of
traditional ~ chemical anticoccidial products  with
commercially available herbal alternatives. Such a shift
not only alleviates concerns regarding chemical residues
in meat and the emergence of microbial resistance, but
also presents multiple advantages to the broiler sector in
terms of efficacy, safety, and cost-efficiency.
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