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Abstract

Modern poultry production systems often constrain natural poul-
try behavior and may result in health problems which in turn neces-
sitate the use of antibiotics under veterinary prescription. Within the
European Union (EU) there is increased pressure to limit if not pro-
hibit the use of antibiotics for prophylactic as well as metaphylactic
purposes in food producing animals.This situation has-encouraged
increased attention to be placed on farm biosecurity and stock man-
agement improvement as well as the appraisal, development and
in-field use of non-antibiotic alternatives (NAA) such as organic ac-
ids, exogenous feed enzymes, prebiotics and probiotics, as well as
a variety of phytogenic products. The selection and usage of most
NAAs commercially available as feed and/or water additives is often
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not precisely targeted to the particular health issues historically en-
countered on a specific farm or group of farms. Instead, they tend to
be added to the feed or water as a matter of routine by feed manu-
facturers or farmers with very little prior discussion with the farm vet-
erinarian on the best choice for the particular farm circumstances. In
this study ten commercial broiler farms, in Cyprus and Greece, with
relatively high historic reliance on antibiotic use were selected to be
monitored for both antibiotic usage and biological performance, be-
fore (pre-additive production cycles) and after (post-additive produc-
tion cycles) the targeted application of feed and/or water NAAs. Prior
to this, the same farms were also involved in biosecurity improve-
ments implemented after audits carried out following the Wagenin-
gen BiosEcurity Assessment Tool (BEAT). The post-additive produc-
tion cycles compared to the pre-additive production cycles indicated
that NAA use was accompanied by a 50.3% decrease in the number
of antibiotic treatments (p<0.01), a non-significant 21.4% reduction
in the days of treatment as well as a 5.7% improvement in biological
performance as measured by the European Production Efficiency
Factor (EPEF) (p<0.1). More substantial improvements were also
noted when the post-additive production cycles were compared with
the pre-additive production cycles before the biosecurity improve-
ments implementation. In this case the antibiotic treatments were
shown to have decreased by 58.7% (p<0.01), and this was accom-
panied by a 52% decrease in the days of treatment (p<0.01) as well
as an improvement of 16.9% (p<0.01) in biological performance as
measured by EPEF. On the basis of this work, it may be concluded
that the targeted use of feed and/or water additives when based on
the specific farm health issues historically encountered can improve
the biological performance and in parallel reduce the use of antibiot-
ics in broiler farms.

Keywords: Antibiotics; Broilers; Commercial farms; Feed additives;
Performance

Introduction

The use of antibiotics as growth promoters (AGPs) in animal feeds
was permitted in the member states of the European Union (EU) for
past decades. However, concerns about the development of antimi-
crobial resistance (AMR) and the spreading and transfer of antibiotic
resistance genes from animal to human sectors, led to the withdrawal
of the approval for AGPs in the EU since January 1st, 2006 [1]. Avail-
able data suggest that although resulting in a reduction of the overall
use of antibiotics in animals, the AGP ban in Europe has associated
with a substantial increase in the use of therapeutic antibiotics for food
animals [2]. In the poultry sector, there is evidence that the ini-
tial removal of AGPs has been associated in some cases to poultry
performance problems, feed conversion increases and the rise of cer-
tain poultry diseases particularly enteric such as (subclinical) necrot-
ic enteritis [3].The increasing sociopolitical concerns regarding the
development of AMR as well as at the same time the need to prevent
farmer’s economic losses has led to the development of alternatives to
antibiotics. The primary goal of these alternative methods is disease
prevention and reduction in veterinary intervention in commercial
livestock farming, in order to improve animal growth performance,
while based on the safety, efficacy and cost-effectiveness of such
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Natural Antibiotic Alternatives (NAAs) [4,5]. The term NAA in-
cludes probiotics, prebiotics, symbiotics, organic acids, essential
oils, enzymes, immunostimulants, and phytogenics (phytobiotics)
such as botanicals, herbs, essential oils, and oleoresins. These are
the most common feed and/or water additives that are currently wide-
ly used in the poultry industry following the ban of AGPs. They can be
easily mixed with other feed ingredients, have no tissue residues of
concern, and are often shown to improve feed intake, weight gain,
feed conversion rate and strengthen bird immunity as well as improve
digestive processes. Overall, these effects have a potential positive
action on animals health and hence have the potential to decrease
reliance on antibiotics [6]. Among the commercially available NAAs,
the organic acids play an important role in gut health in animals.
These acidifiers could be used to favorably impact the intestinal mi-
crobial populations and improve the immune response, hence per-
form an activity similar to antibiotics in food animals in countering
pathogenic bacteria [7]. Short-chain organic acids have a specific
antimicrobial activity that is pH dependent. Reductions in bacteria
are associated with feeding organic acids, which are particularly ef-
fective against acid-intolerant species such as E. coli, Salmonella, and
Campylobacter. Both antibiotics and organic acids improve protein
and energy digestibility by reducing microbial competition with the
host for nutrients and endogenous nitrogen losses, by lowering the in-
cidence of subclinical infections and secretion of immune mediators,
and by reducing production of ammonia and other growth-depressing
microbial metabolites. Organic acids have several additional effects
that go beyond those of antibiotics. These effects include reduction
in digesta pH, increased pancreatic secretion, and trophic effects on
the gastrointestinal mucosa [8].

Another NAA group consists of plant-based mixtures. These are
also referred to as phytochemicals, phytobiotics or phytogenics and
are natural bioactive compounds that are derived from plants. A wide
variety of herbs and spices (e.g., thyme, oregano, rosemary, marjo-
ram, yarrow, garlic, ginger, green tea, black cumin, coriander and
cinnamon) have been used in poultry for their potential application
as AGP alternatives. In addition to herbs and spices, various essen-
tial oils and phytochemicals (thymol, carvacrol, cinnamalde hyde,
eugenol, and extracts from coriander, star anise, ginger, garlic,
rosemary, turmeric, basil, caraway, lemon and sage) have been used
individually or as blends to improve animal health and performance.
The beneficial effects of phytochemicals are attributed to their an-
timicrobial and antioxidant properties. In addition, the inclusion of
phytochemicals in the diets alters and stabilizes the intestinal mi-
crobiota and reduces microbial toxic metabolites [9]. Exogenous en-
zymes such as xylanases and glucanases have been shown to improve
feed utilization of dietary components such as protein, amino acids,
starch, lipids, and energy. Feed enzymes can affect the gastroin-
testinal tracts’ microbial ecosystem by reducing undigested sub-
strates and anti-nutritive factors and producing oligosaccharides in
situ from dietary non-starch polysaccharides withpotential prebiotic
effects [10]. Probiotics are microorganisms which favor the healthy
function of the animal’s intestinal tract. A healthy intestinal tract has
positive effects on the circulatory and immune system. Many differ-
ent nutrients, such as pectin, cellulose and xylanases, have been
shown to promote the development of various favorable intestinal
microorganisms and as such have a prebiotic effect. Prebiotics are
not extensively metabolized, and have been shown to encourage
targeted metabolic processes, which in turn bring health benefits to
the animal’s ecosystem [11]. It is common commercial practice that
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feed manufacturers use a holistic approach in the choice of NAAs
included in their poultry feed range. Such an approach is therefore
not usually targeted on individual farm situations and nor does it
take into account historic farm problems and veterinary interven-
tions. It is also associated with few dialogues between the farmer,
the feed supplier, or the farm veterinarian, about the choice of the feed
and/or water additive best suited to the individual farm situations. The
purpose of this field study was to test in commercial broiler farms
from two countries, Cyprus and Greece, a set of NAAs which were
selected after due consideration and discussion between the farm vet-
erinarian establishing which were best suited to counter the specific
problems identified from historical fact-based information that con-
sidered biological performance data, health data and veterinary
diagnoses and consequent interventions.

Materials and Methods

Characteristics of the farms

Ten commercial broiler farms in two EU countries (Greece and
Cyprus) were involved in this study. For the purposes of this study
the farms were allocated to five groups AG, BG, AC, BC and CC
depending on the historic information provided. All the farms were
selected on the basis that they had a consistent and relatively high
reliance on antimicrobial usage in their most recent growing cycles.
As such, they were not selected to be representative of each country
in either biological performance or antimicrobial usage. In Greece,
five separate broiler farms with bird populations above 15,000-each,
were enrolled. In Cyprus, five broiler farms each also with above
15,000 birds participated. All the farms participated previously in a
separate study investigating the effect of health plan improvement
implementations, post biosecurity audits carried out using BEAT
(Base Editing Analysis Tool). BEAT is a risk analysis methodology
developed by the University of Wageningen on the effects on biolog-
ical performance and antimicrobial usage [12]. It is based on the FAO
3-Zone Biosecurity model, the BIOCheck UGENT [13] and the Dutch
Hygiene scan. It has been described in full by Schreuder et al. [12].

The broiler houses were typical of intensive livestock facilities in
the two countries, all with automatic feeders and drinkers and all
tunnel ventilated. The heating systems were mostly air to air heat
exchangers. The light intensity and photoperiodism followed a sim-
ilar pattern in all cases. Straw or rice hull litter was used. Plant
based diets were used throughout. These followed the nutrient
recommendations as well as the feeding program as described in the
Aviagen Ross 308 guidelines for birds targeted to be slaughtered at
live weight 2.5 to 3.0 kg. The feed used was in the form of mash and
was farm mixed from the grower stage onward while for the
starter (0-10 days of age) commercially available crumbled broiler
feed was used in both countries. Feed and water were offered ad
libitum throughout the whole cycle.

The day-old chicks originated from one hatchery in each country
throughout all the recorded periods. In all cases they were vaccinated
at hatch, for Marek, Infectious Bronchitis and Newcastle Disease.
No detailed information on the parent stock health statuses were
made available. All animal care procedures complied with Europe-
an Directives 2007/43/EC, 2005/1/EC and 2009/1099/EC which set
welfare standards for keeping chickens for meat production, for their
transport to the slaughterhouse and their protection during slaughter
procedure.
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Time line of Study

The 4 periods described in Figure 1 are the results of the succes-
sive implementations of two distinct procedures, namely the imple-
mentation of biosecurity measures (called Biolnt) and the implemen-
tation of Natural Antibiotic Alternatives (called Add). The 4 periods
are as follows:

Figure 1: Timeline of Study

a. The historic pre-intervention and pre-additive period (Pre-
Int-PreAdd) corresponding to five consecutive production cy-
cles, where the data collected and ascribed to those cycles
was made available to the research team by the farmer and his
veterinarian.

b. The biosecurity improvement intervention period (Biolnt), posteri-
or to the biosecurity risk analysis (BEAT), covering two production
cycles, where improvements were carried out.

c. The pre-additive monitored period (PreAdd) also covering two
production cycles, where details of biological performance as well
as veterinary interventions were recorded by the research team.
This period was then treated as the control.

d. The similarly monitored post-additive production period (Post-
Add) of the same duration which was considered as the treatment.

The biosecurity improvements where continuously implemented
during the 3 last periods.

Biological performances, health status of the farms and
NAAs description and usage by farm

The information based on data recorded during the five production
cycles corresponding to the Prelnt- PreAdd periods was made avail-
able from all the participant farms. Such information included
biological performance data covering average slaughter weight,
average daily weight gain, feed conversion ratio (FCR), total mor-
tality rate, footpad score (scored from 0 to 2), according to the
scoring described by Berg [14] and the European Production Efficien-
cy Factor (EPEF), where EPEF was calculated using the following
formula:

EPEF = [[Livability (%) x Live Weight (kg)] / [Age (days) x FCR]]
x 100

Antimicrobial usage records for the Prelnt-PreAdd period were
also made available, as was the veterinary diagnosis attached to
each production cycle. These information bases provided the plat-
form upon which discussions involving the farmer, his veterinary
consultant and researchers participating in this study took place so as
to arrive at an agreed individual farm-based additive regime for the

PostAdd period. All such individual farm-based additive regimes
made use of commercially available and approved feed and/or water
products, at best targeted at a possible reduction of antimicrobial use
at each specific site, while also potentially able to maintain similar bi-
ological performance as measured by the parameters described above.
The seven commercially available feed and/or water additives used in
the study are described below in Table 1. All seven were approved for
use in poultry within the EU without a veterinary prescription.

Feed/Water Additive Description

Probiotic feed additive containing viable spores of a unique

B-act® (Huvepharma®) strain of Bacillus licheniformis producing bacteriocins

. X Concentrated source of tributyrin in powder form (55%
Avipremium® D (Ve-

butyric acid).
tagro®)

Combination of synergistically acting organic
acids and flavoring compounds:
Formic Acid 20%

Acetic Acid 10%

Propionic Acid 5%

Biotronic® Top 3 (DSM/
ex Biomin product)

Liquid phytogenic blend of natural extracts of aromatic
plants containing:
Digestarom® P.E.P
Sol (DSM/ex Biomin
product)

Mixture of flavoring compounds
E484 Glyceryl polyethylenelglycol ricinoleate Propyl-
eneglycol

Biotronic® Top Lquid
(DSM/ex Biomin
product)

Combination of synergistically acting organic
acids and flavoring compounds

Gut Flora Stabilizer

Bifidobacterium animalis spp. animalis DSM 16284
PoultryStar® ME (DSM/

L Lactobacillus salivarious spp. Salivarious DSM 16351
ex Biomin product)

Enterococcus faecium DSM 21913
Product contains 2x10"8 CFU/g

Origin: Source of plant ingredients rich in phytoncides
and phytoalexins, based on hot pepper, mustard, soapwort,
sweet flag and turmeric.

AdiCox® AP (Adifeed®) | Composition: Capsicum annuum L., var. minimum Miller
Heiser , Sinapis alba L., Curcuma longa L., Saponaria
officinalis L., Acorus calamus L., Palm oil (hydrogenated),

Iron sulphate monohydrate

Table 1: Feed and water additives used in this study.

Table 2 depicts the feed and/or water additives used by farm and/
or group of farms, the dosage and the administration route as well as
the period of addition. As already mentioned, the 5 groups of farm(s)/
additive(s) combinations were the results of the analysis of the Pre-
Int-PreAdd information on both biological performance and veteri-
nary interventions, and more importantly the disease challenges
faced during this period. The AG and BG farms faced specific
problems identified as omphalitis, necrotic enteritis and colibacillo-
sis. The farms grouped as AC suffered from cases of dysbacteriosis,
necrotic enteritis, peritonitis, arthritis and air sacculitis. Group BC
suffered from omphalitis, necrotic enteritis, air sacculitis and arthritis
while farm group CC suffered from necrotic enteritis, air sacullitis,
peritonitis and arthritis. Groups AG and BG where the water source
was farm wells also suffered from poor water quality.
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Statistical analysis

All the analyses were performed in R 4.1.0 (R Core Team, 2021).
To assess the biological performance and antibiotic use during the
PreAdd and PostAdd periods, mean scores were determined. To
compare the results between the Pre-Add and Post-Add periods,
an Analysis of Variance (ANOVA) test was performed. To assess the
biological performance and antibiotic use during the Prelnt-PreAdd
and PostAdd periods, mean scores were also determined. To com-
pare the results between the Prelnt-PreAdd and PostAdd periods,
Wilcoxon-Rank-Sum tests were performed. The differences were con-
sidered statistically significant with p <0.05.

Results
Pre-Add and Post-Add comparison

The key biological performance indices as well as usage of an-
tibiotic treatments are summarised in Table 3. Overall, compari-
son of the PostAdd and the PreAdd periods showed a significant (p
<0.05) reduction of the mortality rate (-37.2%), accompanied by a
slight but not statistically significant improvement of EPEF (+5.7%;

Feed / . Administra- Mortality Number of AB Days of AB Treat-
Number of W Dosage Period . R EPEF
ater tion ate Treatments ments
PreAdd | 4.22+042 333+7 1.91+0.28 4.39+0.58
. . (per 1000
Broiler | Additive |, ¢ (days) Route PostAdd | 265+044 | 352+8 0.95+0.15 345057
feed or p-value* 0.014 0.085 0.006 0.259
Houses
1000 L p<0.05 p<0.1 p<0.01 NS.
f wat Lo I
of water) Table 3: Average Biological Performance and Antibiotic Use for the Pre-
two of PoultryS- Add and PostAdd Periods.
Group AG equal tar® 500 11 to 40 feed *
capacity ME ANOVA Test
Biotron-
ic® Top 1000 11 to 40 feed
) Number of
3 Mortality Days of AB
EPEF AB Treat-
X Rate Treatments
Biotron- ments
‘°L® Tf;p 1200 4ol water Prelnt-PreAdd | 4.04+032 | 301+7 | 230+0.12 7.19+0.52
iqui
PostAdd 265+044 | 3528 | 0.95+0.15 3.45+0.57
Digestar- .
om® 100 151027 water p-value 0.004882 | 0.000043 | 0.00000057 0.00012
PE.P Sol p<0.01 p<0.001 p<0.001 p<0.001
three of AdiCox® Table 4: Average Biological Performance and Antibiotic Use during the
Group BG equal AP 60 1110 40 feed Prelnt-PreAdd and Post Add periods.
capacity
* Wilcoxon Test
B-act® 500 11 to 40 feed
(p <0.05). In addition, a strong reduction (-50.3%) of the average num-
Biotron- o .
: Z)trTon 00 410 11 and ber of antibiotic treatmgnts per prodqct@n cycle was obsew§d (p
‘CL_ _‘Zip 16 t0 28 water <0.01). It was accompanied by a non-significant parallel reduction in
1qur g . .
the overall days of antibiotic treatment (-21.4%; p >0.2).
two of 10t
(s}
1 _ .
Group AC el Bact® 500 slaughter feed Prelnt-PreAdd and PostAdd comparison
capacity
As the PreAdd period shown in Table 3 was monitored sub-
two of Biotron- o1 sequent to the implementation of Biosecurity Improvements (Biolnt
. 0 . . . . .
Group BC equal ic® Top 1000 feed period) in the farms, this provided the opportunity to perform an
i 3 slaughter . N . )
capacity additional comparison between the Prelnt-PreAdd period - that is
Avipremi- 10t0 before biosecurity improvements and NAA addition -, and the Post-
Group CC one um® D 200 slaughter feed Add period when both biosecurity improvements and NAA addition
were present. This comparison is summarised in Table 4, showing
Table 2: Description of the NAAs used per Group. that all indicators were significantly improved.In particular, EPEF

value showed a highly significant improvement in the PostAdd period
(+16.9%; p<0.001), emanating from improvements in feed conversion
ratio, livability and final live weight (not shown). Similarly, both the
number of antibiotic treatments as well as the days of antibiotic treat-
ments per production cycle showed substantial and highly significant
reductions: -58.7% (p< 0.001) and - 52% (p< 0.001), respectively.
Mortality rate was also significantly reduced by 34.4% (p<0.01).

Discussion

The implementation of farm-tailored Non-Antibiotic Additives
(NAAs) was tested in the present study in a context of overall im-
provement of healthy status of poultry farms. In this context it is rec-
ognized that the most beneficial strategy for reducing the need for
the use of antibiotic treatment under commercial field conditions is
to prevent pathogens from entering and spreading in the farms [13-
15]. This can best be done in practice by improving farm biosecuri-
ty culminating in the development and implementation of effective
flock health and welfare plans. Schreuder et al. [12] discussed in de-
tail how a farm can be divided into three zones which include the area
outside the farm (red zone), the area and buildings within the farm
except of the poultry houses (orange zone) and finally the poultry

J Anim Res Vet Sci ISSN: 2639-3751, Open Access Journal

Volume 8 « Issue 1 « 100059
DOI: 10.24966/ARVS-3751/100059



http://doi.org/10.24966/ARVS-3751/100059

Citation: Simitopoulou M, Bousquet-Mélou A, Angastiniotis K, Kefalas G, Dimitriadis S, et al. (2024) The Effect of the Targeted Application of Commercially
Available Non-Antibiotic Additives in the Poultry Industry on Antibiotic Usage and Biological Performance under Commercial Field Conditions 8: 059.

e Page 50f 7 e

houses themselves (green zone). Each zone has its own parame-
ters that need to be assessed on the basis of correct biosecurity. If those
parameters don’t meet with the proper standards, then they should be
changed in order to improve the farms biosecurity. For example, the
red zone should be checked for proper pest control as well as person-
nel, visitor and vehicle access protocols. As far as the orange zone is
concerned, cadaver, manure, bedding and feed storages must be tight-
ly sealed and isolated, and cleaning and disinfection of the farm yard
as well as the buildings in the farm should be done regularly. Finally, in
the green zone cleaning and disinfection of both the poultry house and
the entry room and the immediate removal of dead birds are of utmost
importance. All the farms participating in this study went through
this process before any NAA addition was targeted and used. The
NAAs used in each group were chosen according to the groups’
specific problems identified from historical fact-based information
that covered biological performance data, health data and veteri-
nary diagnoses. For example, certain broiler houses had issues with
dysbacteriosis, necrotic enteritis and arthritis. In this case B-act®
was the feed additive of choice. Certain probiotics have the ability to
suppress the effects of dysbacteriosis in broilers and help inhibit the
growth of Clostridium perfringens, the direct causative agent of ne-
crotic enteritis. This leads to a reduction in the flock’s mortality, an
improved average weight and a decrease in the feed conversion ratio
which are findings that coincide with the results of this study. Another
benefit of the use of probiotics is the reduction in the incidence of
arthritis-induced lameness which is brought about by bacterial translo-
cation from the intestines to the joints [16]. A common characteristic
of other grouped broiler houses was the poor quality of water coupled
with incidences of necrotic enteritis and arthritis. The feed additive
chosen in this case was Biotronic® Top 3. Multiple previous studies
have shown that inclusion of organic acids in the feed can lead to a
significantly higher final weight, weight gain, and better feed/gain
ratio [17, 18]. Organic acids can reduce the number of pathogenic
bacteria and their entry into the intestinal mucosa and subsequently
the inflammatory processes that will ultimately affect performance
[19]. Moreover, the use of organic acids has been shown to significant-
ly increase the height of villi from all segments of the small intestine
and to cause a moderate to marked increase of the goblet cell counts,
compared to not supplemented controls. Goblet cells are distributed
along the villi and the mucin they produce plays a key role in the
proper function of the intestinal epithelium [20]. In another group of
broiler houses recording similar problems, the targeted NAA regime
was based on the addition of Avipremium® D which contained the
organic triglyceride tributyrin. There is increasing evidence suggest-
ing that butyrate can act as the major energy source of the colon,
reduce pathogen colonization, improve intestinal barrier function,
exert anti-inflammatory properties and protect the birds against liver
and kidney disfunction. Dietary supplementation with tributyrin has
been demonstrated to improve animal performance by increasing the
final weight and decreasing the FCR in the entire growth phase. This
improvement in performance is brought about by the proliferation and
differentiation of intestinal mucosal cells which enhances nutrient ab-
sorption and utilization [21]. A different study has shown that dietary
sodium butyrate supplementation can improve the growth perfor-
mance in chickens under stress and that this may be used to moderate
the immune response and reduce tissue damage with diseases such
as necrotic enteritis, arthritis and peritonitis [22], as it was also the
case of certain groups of farms in this study. It is often the case that
some commercial farms and/or individual broiler houses within a
farm encounter a number of health issues arising out of a complexity
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of challenges which extend from poor water quality or shortcomings
in biosecurity, the latter being not easy to correct in the short term.
In this study the targeted choice of additives was extended to both
water and/or feed products with a broad range of claimed benefits.
Specifically, one group of broiler houses received a combination of
PoultryStar® ME which is a symbiotic product blend, together with
the organic acid Biotronic® Top 3 in the feed, and Biotronic® Top
Liquid and Digestarom® P.E.P Sol in the drinking water. The use of
organic acids in both the feed and the water regimes was based on the
premise that this combination would provide an enhanced control of
Gram-negative pathogens, as well as a direct support to the healthy
gut microbiota in the face of a more severe pathogen challenge. Da-
vidson et al. [23] reported that when the bacterial internal pH drops
because of the presence of an organic acid, the pathogenic bacteria
must use adenosine triphosphate to actively transport excess protons
from the interior of the cell, resulting in a depletion of cellular energy
and cell death. Another possible reason for the modification of intes-
tinal microbial growth by organic acids can pertains to their prebiotic
effects, that result in the production of short-chain fatty acids from
bacteria which are also thought to have an antibacterial effect by de-
creasing luminal pH [24].

The targeted use of the symbiotic mix in this study was also based
on the recorded observation that the birds in this group of farms
showed frequently increased incidences of lameness attributed to
arthritis as well as poor litter quality. According to the study of Stark
[25], by combining a pro- with a prebiotic a significant overall re-
duction in the onset of lameness attributed to bacterial chondrone-
crosis was observed in comparison with control broilers receiving the
non-supplemented diet alone (19.6% vs. 33.2%, respectively). This
effect was attributed to the probiotic eliciting beneficial responses to
the bird’s gastrointestinal microflora and immune system, contributing
in reducing or stop-ping bacterial translocation from the gastrointes-
tinal tract to susceptible leg joints. Furthermore, an-other study [26]
indicated that these types of symbiotic products were able to prevent
clinical signs associated with Eimeria challenge in poultry, and alle-
viate performance losses when included in the diet, especially regard-
ing oocyst shedding. The increase in EPEF as well as the decrease in
the FCR observed in the present study agrees with a study carried out
by Awad et al. [27] who found that the dietary supplementations
of pre- and probiotics resulted in an increase in the villus height
and crypt depth ratio of intestinal mucosa of broilers. Subclinical
coccidiosis, particularly where poor litter quality is encountered, is
often a problem leading to additional enteric stresses such as dysbac-
teriosis and necrotic enteritis. This is particularly a problem where the
system does not follow ‘an all-in all-out’ practice, and bed collection
at depletion is carried out over a period of time. Blends of herbs and
spices as well as essential oils and other plant extracts have been used
widely in the industry to help coccidiosis control. In this study where
such practices and historic problems were encountered, the targeted
NAA approach used was based on such products namely Digestar-
om® P.E.P Sol and AdiCox® AP. Both products are plant-based
preparations with reported coccidiostat efficacy. Murugesan et al. [28]
reported that phytogenic feed additives support the establishment of
a favorable gut microbiota composed of higher numbers of Lacto-
bacillus spp. and fewer Clostridium spp. Furthermore, the
same study found that supplementation of an herb-based mixture
to a coccidiostat free diet increased the body weight gain and lowered
the FCR.
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AdiCox® AP has specifically been shown to act as a natural coc-
cidiostat [29]. This coincides with the results of the present study
in which mortality was decreased and the EPEF was increased
significantly when using these types of phytogenic products on farms
with a history of coccidiosis challenges. The present findings con-
firm that commercially available NAAs when supported by both
an explanation of the mode of action and published efficacy results,
can provide a very useful approach in an effort to further reduce the
need of veterinary interventions in the form of metaphylaxis and
certainly prophylaxis in broiler production. As individual feed and/
or water additives often have a different mode of action and appli-
cation target, the efficacy of such use lies to a large degree on good
knowledge of the historic problems and health issues prevailing
on the targeted farm. The present study has clearly demonstrated
this in the reduction of antibiotic usage after the targeted NAAs
addition.

Biosecurity is a major issue facing many commercial broiler
farms, particularly those situated in heavily populated poultry areas.
Improvements in biosecurity are possible through training and per-
sonnel involvement as well as through capital investment, resulting in
biological improvements and less reliance on veterinary interventions
based on antibiotic use [12]. The present study has shown that when
such biosecurity improvements are associated with targeted NAA
solutions, even greater improvements in both antibiotic reduction and
biological performances can be demonstrated.

Conclusion

Modern poultry production systems often constrain natural poultry
behavior and may result in health problems which in turn necessitate
the use of antibiotics under veterinary prescription. Within the Eu-
ropean Union there is increased pressure to limit if not prohibit the
use of antibiotics for prophylactic as well as metaphylactic purposes
in food producing animals. Decreased reliance on antibiotics can be
achieved by improving farm biosecurity. For this to be effective a
detailed and planned biosecurity audit involving both the farmer and
the veterinarian across a structured protocol is a prerequisite. Further
reduction in antibiotic reliance can be achieved through the targeted
selection and use of a non-antibiotic feed and/or water commercially
available products best targeted on the specific farm historic health
issues.

Acknowledgement

This research was part of the EU-China Healthy Livestock project.
The authors wish to acknowledge that Healthy Livestock is funded by
the European Union H2020 research and innovation program under
grant agreement number 773436. The European Commission’s sup-
port for the production of this publication does not constitute an en-
dorsement of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any use which
may be made of the information contained therein. BEAT tool project
was co-funded by the Dutch Ministry of agriculture, nature and food
quality via the TKI Agri & Food under grant agreement number AF-
EU18020.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. Castanon JIR (2007) History of the Use of Antibiotic as Growth Promoters
in European Poultry Feeds. Poult Sci 86: 2466-2471.

2. Casewell M, Marco E, Friis C, McMullin P, Phillips I (2003) The Euro-
pean ban on growth-promoting antibiotics and emerging consequences for
human and animal health. J Antimicrob Chemother 52: 159-161.

3. Dibner JJ, Richards JD (2005) Antibiotic growth promoters in agriculture:
history and mode of action. Poult Sci 84: 634-643.

4. Shivaramaiah S, Pumford NR, Morgan MJ, Wolfenden RE, Wolfenden
AD, et al. (2011) Evaluation of Bacillus species as potential candidates
for direct-fed microbials in commercial poultry. Poult Sci 90: 1574-1580.

5. Papatsiros VG, Katsoulos PD, Koutoulis KC, Karatzia M, Dedousi A et al.
(2013) Alternatives to antibiotics for farm animals. CABI Rev 1-15.

6. Abd El-Hack ME, El-Saadony MT, Salem HM, El-Tahan AM, Soliman
MM, et al. (2022) Alternatives to antibiotics for organic poultry produc-
tion: types, modes of action and impacts on bird’s health and production.
Poult Sci 101: 101696.

7. Pearlin BV, Muthuvel S, Govidasamy P, Villavan M, Alagawany M, et
al. (2020) Role of acidifiers in livestock nutrition and health: A review. J
Anim Physiol Anim Nutr 104: 558-569.

8. Dibner JJ, Buttin P (2002) Use of Organic Acids as a Model to Study the
Impact of Gut Microflora on Nutrition and Metabolism. J Appl Poult Res
11: 453-463.

9. Lillehoj H, Liu Y, Calsamiglia S, Fernandez-Miyakawa ME, Chi F, et al.
(2018) Phytochemicals as antibiotic alternatives to promote growth and
401 enhance host health. Vet Res 49: 76.

10. Anadon A, Ares I, Martinez-Larrafiaga MR, Martinez MA (2019) Enzymes
in Feed and Animal Health, in: Gupta, R.C., Srivastava, A., Lall, R. (Eds.),
Nutraceuticals in Veterinary Medicine. Springer Int Publ Cham 303-313.

1

—_

. Markowiak P, Slizewska K (2018) The role of probiotics, prebiotics and
synbiotics in 407 animal nutrition. Gut Pathog 10: 21.

12. Schreuder J, Simitopoulou M, Angastiniotis K, Ferrari P, Wolthuis-Fillerup
M, et al. (2023) Development and implementation of a risk assessment tool
for broiler farm biosecurity and a health intervention plan in the Nether-
lands, Greece, and Cyprus. Poult Sci 102: 102394.

13. Gelaude P, Schlepers M, Verlinden M, Laanen M, Dewulf J (2014) Bio-
check. UGent: A quantitative tool to measure biosecurity at broiler farms
and the relationship with technical performances and antimicrobial use.
Poult Sci 93: 2740-2751.

14. Berg C (1998) Foot-pad dermatitis in broilers and turkeys. Dr. Thesis.

15. Newell DG, Elvers KT, Dopfer D, Hansson I, Jones P, et al. (2011) Biose-
curity- Based Interventions and Strategies To Reduce Campylobacter spp.
on Poultry Farms. Appl Environ Microbiol 77:8605-8614.

16. Xu T, Yue K, Zhang C, Tong X, Lin L, et al. (2022) Probiotics Treatment
of Leg Diseases in Broiler Chickens: a Review. Probiotics and Antimicro
Prot 14: 415-425.

17. Agbai KN, Omage JJ, Sekoni AA, Afolayan M (2020) Effect of Different
Levels of Biotronic® Top Forte (Commercial blended organic acids) as a
Replacement for Antibiotic Growth Promoter on the Growth Performance
and Villi Morphology of Pullet Chicks (0-8weeks). Niger J Anim Sci Tech-
nol NJAST 3: 13-21.

18. Sara A, Marti R, Bentea MI, Toader I, Gabor EF (2016) The Effects of
Some Prebiotic Products (Actigen, Biotronic Top3) Administrated in The
Food of Broiler Chickens on the Meat Quality. Bull Univ Agric Sci Vet
Med Cluj-Napoca Anim Sci Biotechnol 73: 202-433.

19. Khan RU, Naz S, Raziq F, Qudratullah Q, Khan NA, et al. (2022) Pros-
pects of organic acids as safe alternative to antibiotics in broiler chickens
diet. Environ Sci Pollut Res 29: 32594-32604.

J Anim Res Vet Sci ISSN: 2639-3751, Open Access Journal

Volume 8 « Issue 1 « 100059
DOI: 10.24966/ARVS-3751/100059



http://doi.org/10.24966/ARVS-3751/100059
https://pubmed.ncbi.nlm.nih.gov/12837737/
https://pubmed.ncbi.nlm.nih.gov/12837737/
https://pubmed.ncbi.nlm.nih.gov/12837737/
https://pubmed.ncbi.nlm.nih.gov/15844822/
https://pubmed.ncbi.nlm.nih.gov/15844822/
https://pubmed.ncbi.nlm.nih.gov/21673174/
https://pubmed.ncbi.nlm.nih.gov/21673174/
https://pubmed.ncbi.nlm.nih.gov/21673174/
https://www.cabidigitallibrary.org/doi/10.1079/PAVSNNR20138032
https://www.cabidigitallibrary.org/doi/10.1079/PAVSNNR20138032
https://www.sciencedirect.com/science/article/pii/S0032579122000013?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122000013?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122000013?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122000013?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/jpn.13282
https://onlinelibrary.wiley.com/doi/10.1111/jpn.13282
https://onlinelibrary.wiley.com/doi/10.1111/jpn.13282
https://www.sciencedirect.com/science/article/pii/S1056617119314941?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1056617119314941?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1056617119314941?via%3Dihub
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-018-0562-6
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-018-0562-6
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-018-0562-6
https://link.springer.com/chapter/10.1007/978-3-030-04624-8_21
https://link.springer.com/chapter/10.1007/978-3-030-04624-8_21
https://link.springer.com/chapter/10.1007/978-3-030-04624-8_21
https://pubmed.ncbi.nlm.nih.gov/29930711/
https://pubmed.ncbi.nlm.nih.gov/29930711/
https://www.sciencedirect.com/science/article/pii/S0032579122006885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122006885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122006885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122006885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119385244?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119385244?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119385244?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119385244?via%3Dihub
https://publications.slu.se/?file=publ/show&id=117366
https://journals.asm.org/doi/10.1128/aem.01090-10
https://journals.asm.org/doi/10.1128/aem.01090-10
https://journals.asm.org/doi/10.1128/aem.01090-10
https://link.springer.com/article/10.1007/s12602-021-09869-2
https://link.springer.com/article/10.1007/s12602-021-09869-2
https://link.springer.com/article/10.1007/s12602-021-09869-2
https://njast.com.ng/index.php/home/article/view/103
https://njast.com.ng/index.php/home/article/view/103
https://njast.com.ng/index.php/home/article/view/103
https://njast.com.ng/index.php/home/article/view/103
https://njast.com.ng/index.php/home/article/view/103
https://www.researchgate.net/publication/312429376_THE_EFFECTS_OF_SOME_PREBIOTIC_PRODUCTS_ACTIGEN_BIOTRONIC_TOP3_ADMINISTRATED_IN_THE_FOOD_OF_BROILER_CHICKENS_ON_THE_MEAT_QUALITY
https://www.researchgate.net/publication/312429376_THE_EFFECTS_OF_SOME_PREBIOTIC_PRODUCTS_ACTIGEN_BIOTRONIC_TOP3_ADMINISTRATED_IN_THE_FOOD_OF_BROILER_CHICKENS_ON_THE_MEAT_QUALITY
https://www.researchgate.net/publication/312429376_THE_EFFECTS_OF_SOME_PREBIOTIC_PRODUCTS_ACTIGEN_BIOTRONIC_TOP3_ADMINISTRATED_IN_THE_FOOD_OF_BROILER_CHICKENS_ON_THE_MEAT_QUALITY
https://www.researchgate.net/publication/312429376_THE_EFFECTS_OF_SOME_PREBIOTIC_PRODUCTS_ACTIGEN_BIOTRONIC_TOP3_ADMINISTRATED_IN_THE_FOOD_OF_BROILER_CHICKENS_ON_THE_MEAT_QUALITY
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9072444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9072444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9072444/

Citation: Simitopoulou M, Bousquet-Mélou A, Angastiniotis K, Kefalas G, Dimitriadis S, et al. (2024) The Effect of the Targeted Application of Commercially
Available Non-Antibiotic Additives in the Poultry Industry on Antibiotic Usage and Biological Performance under Commercial Field Conditions 8: 059.

ePage7of 7 e

20.

Kum S, Eren U, Onol AG, Sandikci M (2010) Effects of dietary organic
acid supplementation on the intestinal mucosa in broilers. Rev Med Vet
161: 463-468.

25.

Stark JM (2013) Efficacy of Probiotics for Reducing the Incidence of
Lameness in Broilers Grown on Wire Flooring. Graduate Theses and Dis-
sertations.

21. Gong L, Xiao G, Zheng L, Yan X, Qi Q, et al. (2021) Effects of Dietary 26. DUﬂj AF, Briggs WN, Chasser KM’ Lilburn MS, Syed B, (2029) Effect
Tributyrin on Growth Performance, Biochemical Indices, and Intestinal of dietary synbiotic supplementation on performance parameters in turkey
Microbiota of Yellow-Feathered Broilers. Anim. Open Access J. MDPI 11: poults administered a mixed Eimeria species inoculation I Poult Sci 99:
3425. 4235-4241.

22. Zhang WH, Jiang Y, Zhu QF, Gao F, Dai SF (2011) Sodium butyrate main- 27 AWad Wi, Ghareeb [, Abdel-Raheem 8, Bohm 1 (2009) Bifects of di-
tains growth performance by regulating the immune response in broiler ctary Inclusion of probiotic and Synbiotic on growth periormance, o'rgar?
chickens. Br Poult Sci 52: 292-301. ngelsggts, and intestinal histomorphology of broiler chickens. Poult Sci 88:

23. Davidson PM, Taqur TM, Schmidt SE(2014) Chemical Preservatives and 28. Murugesan GR, Syed B, Haldar S, Pender C (2015) Phytogenic Feed Ad-
Natural Antimicrobial Compounds, in: Doyle, MP, Buchanan RL (Eds.), ditives as an Alternative to Antibiotic Growth Promoters in Broiler
Food Microbiology. ASM Press 765-801. Chickens. Front Vet Sci 2.

24. Corrier DE, Hinton A, Ziprin RL, Beier RC, DeLoach JR (1990) Effect of  29. Lukasiewicz M, Pietrzak D, Michalczuk MJ (2013) Effect of selected feed

Dietary Lactose on Cecal pH, Bacteriostatic Volatile Fatty Acids, and Sal-
monella typhimurium Colonization of Broiler Chicks. Avian Dis 34: 617.

additives used in coccidiosis prophylaxis on production results and meat
quality of fast-growing Hubbard Flex chickens. Arch. Geflugelkunde.

J Anim Res Vet Sci ISSN: 2639-3751, Open Access Journal

Volume 8 « Issue 1 « 100059
DOI: 10.24966/ARVS-3751/100059



http://doi.org/10.24966/ARVS-3751/100059
https://www.researchgate.net/publication/282700134_Effects_of_dietary_organic_acid_supplementation_on_the_intestinal_mucosa_in_broilers
https://www.researchgate.net/publication/282700134_Effects_of_dietary_organic_acid_supplementation_on_the_intestinal_mucosa_in_broilers
https://www.researchgate.net/publication/282700134_Effects_of_dietary_organic_acid_supplementation_on_the_intestinal_mucosa_in_broilers
https://www.mdpi.com/2076-2615/11/12/3425
https://www.mdpi.com/2076-2615/11/12/3425
https://www.mdpi.com/2076-2615/11/12/3425
https://www.mdpi.com/2076-2615/11/12/3425
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555818463.ch30
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555818463.ch30
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555818463.ch30
https://www.jstor.org/stable/1591254
https://www.jstor.org/stable/1591254
https://www.jstor.org/stable/1591254
file:///C:\Users\Divya\Downloads\Stark%20JM%20(2013)%20Efficacy%20of%20Probiotics%20for%20Reducing%20the%20Incidence%20of%20Lameness%20in
file:///C:\Users\Divya\Downloads\Stark%20JM%20(2013)%20Efficacy%20of%20Probiotics%20for%20Reducing%20the%20Incidence%20of%20Lameness%20in
file:///C:\Users\Divya\Downloads\Stark%20JM%20(2013)%20Efficacy%20of%20Probiotics%20for%20Reducing%20the%20Incidence%20of%20Lameness%20in
https://pubmed.ncbi.nlm.nih.gov/19096056/
https://pubmed.ncbi.nlm.nih.gov/19096056/
https://pubmed.ncbi.nlm.nih.gov/19096056/
https://pubmed.ncbi.nlm.nih.gov/19096056/
https://www.frontiersin.org/articles/10.3389/fvets.2015.00021/fullhttps:/pubmed.ncbi.nlm.nih.gov/19096056/https:/www.sciencedirect.com/science/article/pii/S0032579120303199?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fvets.2015.00021/fullhttps:/pubmed.ncbi.nlm.nih.gov/19096056/https:/www.sciencedirect.com/science/article/pii/S0032579120303199?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fvets.2015.00021/fullhttps:/pubmed.ncbi.nlm.nih.gov/19096056/https:/www.sciencedirect.com/science/article/pii/S0032579120303199?via%3Dihub
https://www.researchgate.net/publication/289278982_Effect_of_selected_feed_additives_used_in_coccidiosis_prophylaxis_on_growth_performance_and_carcass_and_meat_quality_of_fast-growing_Hubbard_Flex_chickens
https://www.researchgate.net/publication/289278982_Effect_of_selected_feed_additives_used_in_coccidiosis_prophylaxis_on_growth_performance_and_carcass_and_meat_quality_of_fast-growing_Hubbard_Flex_chickens
https://www.researchgate.net/publication/289278982_Effect_of_selected_feed_additives_used_in_coccidiosis_prophylaxis_on_growth_performance_and_carcass_and_meat_quality_of_fast-growing_Hubbard_Flex_chickens

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | [ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | [ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_GoBack
	_GoBack

