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Effects of Plant Extracts Replacing Anticoccidial Drugs
on Broiler Performance and Fecal Coccidia Count
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Abstract [Objective] The paper was to investigate the impact of plant extracts replacing anticoccidial drugs on growth performance and fecal coc-
cidia count in broilers. [Method] A total of 234 one-day-old healthy yellow-feathered broilers were selected and randomly divided into 3 groups,
with 6 replicates in each group and 13 broilers in each replicate. The test lasted for a total of 55 d. The control group was fed the basic diet, the
anticoccidial group was fed the basic diet + 500 g/t dinitolmide, and the plant extract group was fed the basic diet + 500 g/t plant extract. [Result]
The daily gain of the plant extiract group from 1 to 21 days of age was significantly higher than that of the anticoccidial drug group (P<0.05), and
the feed/gain ratio was significantly lower than that of the anticoccidial drug group (P<0.05). There was no significant difference in daily gain and
feed intake between the plant extract group and the anticoccidial drug group from 1 to 55 days of age (P>0.05), and the feed/gain ratio was reduced
by 6.30% and the mortality and culling rate was reduced by 10.26%. The number of fecal coccidia at 33 days of age in the plant extract group was
found to be significantly lower than that observed in the anticoccidial group and the control group (P<0.05). In conclusion, the administration of
plant extracts resulted in a notable enhancement in the growth performance of chicks aged 1-21 days, when compared with the use of anticoccidial
drugs. No significant difference was observed in growth performance between the plant extract and the anticoccidial drugs from 1 to 55 days of age.

The administration of plant extracts resulted in a notable reduction in the fecal coccidia count. [Conclusion] Plant extracts may serve as viable al-
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ternatives to anticoccidial drugs and show promise for application in animal husbandry.
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occidiosis is an acute epidemic

parasitic disease caused by one

C

parasitize the intestinal mucosal epithelial

or more species of coccidia that

cells of livestock and poultry. The drugs
currently employed for the suppression of
coccidia in poultry rearing may be broadly
classified into two categories: polyether
antibiotics and chemically synthesized
drugs. All of these drugs present a number
of challenges, including the development
of drug resistance and the presence of toxic
residues, which pose a significant risk to
food safety. In order to ensure food safety
and reduce the risk of drug resistance,
China has already banned the use of all
growth-promoting antibiotics other than
those used to control coccidiosis in animals
at the feed end. As a consequence of the

development of science and technology

and the progress of the farming industry,
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and the general trend of food safety, health
and environmental protection, the use re-
striction of antibiotics and anticoccidial
drugs at the farming end will become increa-
singly stringent. Consequently, the devel-
opment of green and safe plant extracts to
replace anticoccidial drugs is imperative.
The most prevalent natural plant extracts
with anticoccidial properties are saponins,
alkaloids, polyphenols, terpenoids, flavo-

14" Plant extracts

noids, and volatile oils
have been demonstrated to reduce the fecal
coccidia count, protect the intestinal mu-
cosa, enhance immunity, and improve
growth performance by inhibiting spore
formation, proliferation, and infection of
coccidia, thereby achieving an anticoc-
cidial effect”. These plant extracts, includ-
ing essential oils, tannins, and saponins,
have been the subject of a limited number

9|

of studies on coccidial® However, there

is a paucity of research on the anticoc-
cidial effects of their combinations. The
objective of this research project was to
investigate the impact of plant extracts re-
placing anticoccidial drugs in broiler feed
on growth performance and fecal coccidia
counts. The findings will provide a scien-
tific basis for the application of plant ex-

tracts in animal feed.

1 Materials and Methods

1.1 Experimental design The experi-
ment was conducted at the Liyuan Hen
Experimental Base in the Fengxian District
of Shanghai, operated by Anyou Group. A
total of 234 one-day-old healthy yellow-
feathered broilers were selected and ran-
domly divided into 3 groups: the control
group (basal diet), the anticoccidial drug
group (basal diet +500 g/t dinitolmide),
and the plant extract group (basal diet+
500 g/t plant extract). A total of 6 repli-
cates were designed for each group, with

13 broilers included in each replicate.
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The test was lasted for a total of 55 d. The
experiment was divided into three stages,
corresponding to the age of broilers: 1-21
days of age, 22-42 days of age, and 43-55
days of age. During each stage, the broilers
were fed a diet of small broiler feed,
medium broiler feed, and large broiler
feed, respectively. The plant extracts were
composed of carvacrol, thymol, tannins,
saponins, and other compounds, procured
from Centree Bio-Tech (Wuhan) Co., Ltd.
(Tab.1).

1.2 Feeding management The broil-
ers were maintained in a flat position on
the ground within a closed chicken house,
with unrestricted access to food and water
and a 24 h light cycle. The room temper-
ature was maintained at 32-34 °C for the
first week, and then gradually decreased
by 2-3 °C each week. The feeding man-
agement and environmental conditions were

consistent across all treatment groups, and

all broilers were fed and immunized ac-
cording to standard procedures and pro-
cesses. No anticoccidial drugs were admini-
stered during the course of the experiment.
1.3 Determination index and method

1.3.1 Growth performance. During the ex-
perimental period, the daily feed intake,
residual feed, and number of dead broilers
were meticulously documented. The broil-
ers were weighed on an empty stomach
(after 12 h fasting and ad libitum access
to water) and the feed intake was recorded
at 8:00 in the morning on 1, 21, 42, and
55 days of age. The health status of the
broilers was observed on a daily basis,
and the number, weight, and mortality
date of the broilers were recorded. The
average daily feed intake (ADFI), average
daily gain (ADG), feed/gain ratio (F/G),
and mortality and culling rate were calcu-
lated for each experimental group at 1-21,
22-42, and 43-55 days of age.

Tab.l Composition and nutrient levels of basal diets (air-dry basis)

Items 1-21 days of age 22-42 days of age 43-55 days of age
Ingredients /%

Corn 44.70 37.20 39.00
Soybean meal 30.00 24.10 19.10
Wheat - 20.00 20.00
Wheat bran - 5.00 -
Broken rice 15.00 - 10.00
Corn gluten meal 4.00 3.80 4.00
Soybean oil 1.30 4.90 2.90
Premix” 5.00 5.00 5.00
Total 100.00 100.00 100.00
Nutrient level

ME // M/kg 12.66 12.97 13.10
CP/% 21.00 19.30 17.20
Lys// % 1.15 0.95 0.78
Met+Cys // % 0.82 0.70 0.60
Ca// % 0.90 0.85 0.80
TP // % 0.68 0.65 0.60
AP// % 0.45 047 043

Note: (D The premix provides the following for per kg of diet: VA 10 000 IU,VD; 2 500 IU,VE 50 1U,VK,

3.50 mg,VB; 2.5 mg,VBs 5 mg, VB;, 0.025 mg, choline chloride 350 mg, nicotinic acid 30 mg,
riboflavin 8 mg, pantothenate 10 mg, biotin 0.15 mg, folic acid 1.2 mg, Fe 85 mg, Mn 100 mg,

Zn 75 mg, Cu 8.0 mg, I 0.6 mg, and Se 0.3 mg. (2 The nutritional levels are calculated values.

1.3.2 Number of coccidia in feces. Fresh
fecal matter was collected from each col-
umn at 19, 33, and 47 days of age, and
the number of fecal coccidia was observed
under a microscope. Saturated brine was
prepared by adding approximately 400 g
of table salt to 1 L of boiling water, which
was then heated on an induction stove
until no longer dissolved. The typical con-
centration of the compound in water was
approximately 36.5 ¢ per 100 g of solu-
tion, with minimal variation observed
across different temperatures.

Number of fecal oocysts: The fecal
samples were weighed for 2 g, stirred with
20 mL of saturated saline, and then dilut-
ed with saturated saline to 60 mL. They
were then filtered with a 60-mesh sieve
and mixed, and the fecal liquid was aspi-
rated to fill the two counting chambers of
the MacMaster counting plate. Subse-
quently, the oocysts were allowed to float
at rest for a period of 5 min, after which
they were examined microscopically at
10x magnification. The number of oocysts
present in each of the two counting cham-
bers of the MacMaster counting plate was
then counted (each counting chamber
measuring 10 mmx10 mmx1.5 mm). Num-
ber of coccidium oocysts per gram feces
(OPG) = Number of oocysts in two count-
ing chambers x60/(2x0.15xweight of fecal
samples)

1.4 Data processing The experimental
data were subjected to statistical analysis
using Excel 2010 and SPSS 18.0 software.
The one-way ANOVA procedure was em-
ployed to analyze the data. When signifi-
cant differences were identified, multiple
comparisons were conducted using the
Duncan’s method. The experimental data
were expressed as the meanzstandard de-
viation (v+ s). A significance level of
P<0.05 was used to indicate a significant
difference, while a level of P<0.01 was
used to indicate a highly significant dif-

ference.
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2 Results and Analysis

2.1 Effect of plant extracts replacing
anticoccidial drugs on the growth per-
formance of broilers As demonstrated
in Tab.2, the ADG of the plant extract
group was markedly superior to that of the
anticoccidial drug group (P<0.05). Addi-
tionally, the F/G was significantly lower in
the plant extract group than in the antic-
occidial drug group (P<0.05) during the
chick feed stage, spanning from 1 to 21
days of age. The findings suggest that the

plant extract group demonstrated superior

Tab.2 Growth performance of testing broilers

efficacy in enhancing growth performance
during the chick stage, outperforming the
anticoccidial drug group. For the entire
period spanning 1 to 55 days of age, no
statistically significant difference (P>0.05)
was observed in the ADG and ADFT of the
plant extract group in comparison to the
anticoccidial drug group. Additionally, the
F/G exhibited a reduction of 6.30%.

2.2 Effect of plant extracts replacing
anticoccidial drugs on the mortality and
culling rate of broilers As evidenced

in Tab.3, the discrepancy in mortality and

culling rates between the two groups was

Days of age Ttems Control group Anticoccidial group Plant extract group
1 BW//¢g 34.49+0.09 34.46+0.08 34.510.13
21 465.65+17.27 441.35+29.85 468.89+16.59
42 1 154.96+37.32 1 175.49+38.88 1 179.66+85.69
55 1 636.04+99.43 1 632.79+100.35 1 665.04+34.54
1-21 ADG // ¢/d 20.00+0.85 ab 19.17£1.53 b 20.55+0.80 a
ADFI// g/d 30.67+0.74 30.16+1.85 30.80+1.01
FIG 1.5420.087 ab 1.5820.06 a 1.500.05 b
22-42 ADG// g/d 32.52+1.94 33.42+2.49 33.29+2.92
ADF1// g/d 82.15+3.87 80.50+3.89 79.70+3.50
FIG 2.53+0.05 24120.11 2.4120.14
43-55 ADG// g/d 34.28+5.22 35.1424.91 36.68+6.17
ADFI// ¢/d 126.56+10.91 121.91+8.86 118.25+16.95
FIG 3.7320.37 3.58+0.50 3.29+0.60
1-55 ADG// g/d 28.06+1.58 27.50+1.74 29.07+0.65
ADF1// g/d 72.58+4.30 69.68+3.29 69.31+4.66
FIG 2.57+0.07 2.5420.20 2.38+0.12

Notes: Different lowercase letters in the same row indicate significant differences (P<0.05). The same below.

Tab.3 Mortality rate of testing broilers

%o

[tems Control group Anticoccidial group Plant extracts group
1-21 d mortality and culling rate 5.13+0.63 2.56+0.39 1.28+0.31
22-42 d mortality and culling rate 5.81+0.73 8.23+0.92 5.24+0.63
43-55 d mortality and culling rate 3.03+0.72 8.14+0.93 1.28+0.31
1-55 d mortality and culling rate 12.82+1.23 17.95+1.56 7.69+0.85
1-55 d mortality rate 6.41+0.65 8.97+0.79 5.13+0.63
1-55 d culling rate 6.41+0.57 8.97+0.86 2.56+0.78
Tab.4 Fecal coccidia counts in broilers CFU/g

[tems Control group

Anticoccidial group Plant extract group

1 466.67+104.16
1 583.33+116.90 a
1 083.33+153.38

19 days of age
33 days of age
47 days of age

1 066.67+£139.97
1 350.00+£155.42 a
733.33+67.70

783.33+51.54
483.33+50.67 b
466.67+42.47

not statistically significant. In the 1- to
55-day age range, the plant extract group
exhibited the lowest mortality and culling
rate, with a 10.26% reduction compared
to the anticoccidial drug group. This was
particularly evident in the 43- to 55-day
age range of the larger broilers, where the
mortality and culling rates of the plant
extract group were 6.86% lower than those
of the anticoccidial drug group. The ele-
vated mortality and culling rate observed
in this trial can be attributed to the fact
that the trial was conducted during a pe-
riod of high temperatures and the absence
of antibiotics or anticoccidial drugs
throughout the trial culture.

2.3 Effect of plant extracts replacing
anticoccidial drugs on fecal coccidia
counts in broilers In accordance with
the national standard GBT18647-2020 for
diagnostic techniques of animal coccidio-
sis', an OPG of <1x10* is classified as a
mild infection, 1x10* <OPG <10x10* is
designated as a moderate infection, and
OPG>1x10* is identified as a severe in-
fection. As illustrated in Tab.4, the preva-
lence of fecal coccidia in the samples was
relatively low and exhibited mild infec-
tion. The number of fecal coccidia in the
plant extract group at the age of 33 days
was significantly lower than that in the
anticoccidial drug group and the control
group (P<0.05). However, no statistically
significant difference was observed be-

tween the groups at the age of 19 and 47
days.

3 Discussion

The plant extracts utilized in this tri-
al constituted a complex of plant extracts,
including carvacrol, tannins, and saponins.
There is an increasing body of evidence
that plant essential oils may offer an ef-
fective alternative to anticoccidial drugs in
broilers. Galli et al.™ demonstrated that
the incorporation of plant essential oils

comprising 100 g/t of carvacrol and thy-
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mol into broiler diets was capable of re-
ducing fecal coccidia population excretion
and could substitute for bacitracin zinc
and salinomycin without compromising the
health, the intestinal mucosa, or meat
quality of broiler chickens. Lee et al.!™
added 60 and 120 g/t of plant essential
oils, comprising primarily carvacrol and
thymol, to broiler diets. This counteracted
the growth inhibition induced by a coc-
cidiostat vaccine and improved the in-
testinal condition of the broiler chickens,
suggesting that this could serve as an ef-
fective alternative to salinomycin. Tonda
et al." demonstrated that the detrimental
effects of coccidiosis and coccidiosis vac-
cination on Eimeria infection could be
mitigated by the addition of 100 g/t tan-
nins to broiler diets, which resulted in en-
hanced F/G and augmented host immunity
and resistance to disease. Bafundo et al.!"
observed enhanced growth performance, a
notable reduction in mortality and coccid-
iosis scores, and an improvement in car-
cass quality when 250 and 500 g/t saponin
were incorporated into the diets of coccid-
iosis-vaccinated broilers. In a study con-
ducted by Felici et al.™, it was demon-
strated that carvacrol, thymol, and saponin
exhibited inhibitory effects on the infesta-
tion of MDBK cells by FEimeria sporo-
zoites. Furthermore, the results indicated
that these compounds act in a synergistic
manner. The ADG of the plant extract
group was markedly superior to that of the
anticoccidial drug group, and the F/G was
considerably lower than that of the antic-
occidial drug group during the chick
stage, from 1 to 21 days of age. Overall,
the F/G was 6.30% lower than that of the
anticoccidial drug group from 1-55 days
of age. This may be related to several
components of essential oils, including
tannins and saponins, which play a pro-
tective role on the intestinal mucosa, im-
prove digestibility, enhance immunity, and

exhibit antibacterial activity. Additionally,

several components may also exhibit a
synergistic effect. In comparison to antic-
occidial drugs, plant extracts are safer,
more environmentally friendly, and more
beneficial to human health. Additionally,
they do not contribute to the development
of drug-resistant bacteria. These attributes
make plant extracts a promising alterna-
tive to anticoccidial drugs with significant
market potential.

Dinitolmide is an amide chemical
synthetic anticoccidial drug with a demon-
strated efficacy in controlling E. necatrix,
E. tenella, E. brunetti, and E. maxima,
particularly in the small intestine. Its effi-
cacy against the strongest E. necatrix is
optimal, but its effect on E. acervulina is
somewhat less pronounced. Dinitolmide
exerts its effects primarily on the first
generation schizozoite of coccidia within
the epithelial cells of intestinal glands. It
inhibits the proliferation and transmission
of coccidia, as well as the development of
oocysts", The efficacy of dinitolmide was
found to be inferior to that of the plant
extract in this trial, which may be at-
tributed to the specific species of coccidian
oocysts present on the farm. Additionally,
examinations of fecal coccidia count re-
vealed a high prevalence of E. acervulina.

A decline in the growth performance
of broilers in the anticoccidial drug group
relative to the control group was observed,
accompanied by an elevated mortality and
culling rate. These outcomes may be at-
tributed to the potential toxicity of dini-
tolmide. It has been demonstrated that
dinitolmide administration results in a se-
ries of adverse effects in laying hens, in-
cluding stunted growth, loss of appetite,
low feed conversion efficiency, cessation
of egg production, depression, ataxia, and
ultimately, mortality . Srinivasu et al.!™
also reported that the addition of plant
extracts to the diet of broiler chickens in-
significantly

fected with coccidia was

higher than dinitolmide in terms of weight

gain, feed efficiency, and survival rate.
These findings are in agreement with the
results reported in this study. The plant
extract group exhibited the lowest mortality
and culling rate among all the groups.
This may be attributed to the beneficial
effects of essential oils, tannins, saponins,
and other components, which have been
shown to combat heat stress, reduce
necrotizing enterocolitis, and enhance re-
sistance to disease, thereby reducing the
mortality and culling rate of broilers.

With regard to fecal coccidia counts,
the fecal coccidia counts of broilers in the
plant extract group were found to be sig-
nificantly lower than those of the anticoc-
cidial drug group at 34 days of age. No
significant differences in fecal coccidia
counts were observed between the groups
at 20 and 48 days of age. The low preva-
lence of coccidia in the fecal samples can
be attributed to the low breeding density
and favorable breeding conditions observed
in this trial. Conversely, the current antic-
occidial drugs are not particularly effective.
Guo et al."™ reported that the XYP species
of mixed Eimeria isolated in Shandong
Province was completely resistant to 11
anticoccidial drugs, including dinitolmide.
In contrast, the D1 and D2 strains of
E. tenella exhibited mild resistance to
dinitolmide, while the D3 strain of E.
tenella was sensitive. In a 2021 study, Li
et al.” reported that chicken coccidia ex-
hibited high levels of resistance to the
majority of commonly used drugs across

China. The highest levels

were observed in eastern and southern

of resistance

China, while the lowest levels were ob-
served in northwestern and northeastern
China. E. tenella in the eastern, southern,
and central regions of China exhibited
complete resistance to dinitolmide, while
the mixed species of Eimeria in the
southwestern region demonstrated complete
resistance to dinitolmide, and E. maxima

in Shaanxi were susceptible to dinitolmide.
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The interaction of carvacrol and thy-
mol with cell membranes results in alter-
ations to cellular permeability, leading to
the leakage of cellular components. This,
in turn, causes a disruption in water bal-
ance, a collapse of membrane potential,
and an inhibition of ATP synthesis. Ulti-
mately, this process culminates in cell
death. The antimicrobial agents carvacrylol
and thymol exert their effects on spore
formation in coccidian oocysts. This results
in alterations of morphology, size, and
number of sporocysts. Tannic acid, on the
other hand, penetrate the wall of coccidian
oocysts, disrupting the cytoplasm and in-
activating endogenous enzymes in coccid-
ian spores. Saponin binds to 4-sterol
molecules on the cell membrane of coc-
cidia, thereby interfering with the lipids
on the cell membrane of coccidia. This
affects enzyme activity and metabolism,
ultimately leading to cell death. Addition-
ally, it prevents the invasion of sporozoites
into the intestinal epithelium and the entry
of coccidia into the cleavage stage P. The
administration of several plant extracts
was found to reduce the fecal coccidia
count and intestinal damage. Jaramillo et alP!
added 500 g/t of an essential oil prepara-
tion based on oregano and citrus to the
diet of broiler chickens after over-vacci-
nation against coccidiosis. This resulted in
a reduction in the number of oocysts pre-
sent in the padding and an increase in the
volatile fatty acid concentration in the ce-
cal chyme. Furthermore, it has been doc-
umented that the incorporation of 250 g/t
saponin and 100 g/t tannic acid into
broiler diets has been associated with a
reduction in the excretion of fecal coccid-

B3-21 " The number of coccidia

ian oocysts!
was found to be lower in the plant extract
group at all stages of the experiment, with
a particularly notable reduction observed
at 34 days of age. This finding indicated
that the plant extract was more effective

than the anticoccidial drug in reducing

coccidial excretion, a result that aligns
with those reported in the literature. How-
ever, a number of factors may influence
the clinical outcome of coccidial infec-
tions, including coccidial species, virulent
strains, infective doses, host genetics,
flock size, environmental and stress fac-
tors, and co-infections. Given the relatively
low number of coccidia in this trial, which
were in a subclinical state of infection,
further trials involving coccidia challenge
or vaccination are necessary to more rig-

orously assess the efficacy of this plant

extract.

4 Conclusions

The plant extracts utilized in this
study demonstrated the capacity to
markedly enhance the growth performance
of chicks from 1 to 21 days of age in
comparison to anticoccidial drugs. However,
no discernible difference in growth perfor-
mance was observed between the plant
extracts and the anticoccidial —drugs
throughout the entire period. The plant
extracts demonstrated a significant reduc-
tion in fecal coccidia oocyst excretion,
suggesting their potential as a green and
safe alternative to anticoccidial drugs.
Their application in animal husbandry is

also promising.
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