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Abstract

This study assessed the impact of various feed additives on Eimeria spp. colonization, intestinal health,
and production performance in broiler chickens. A total of 270 chicks were divided into nine treatment
groups, and key parameters such as lesion scoring, oocyst shedding, production performance, and
microbiological counts were analyzed. The results demonstrated that certain feed additives significantly
reduced Eimeria colonization, improved feed conversion ratios (FCR), and lowered bacterial loads.
Notably, Group D (Respolite + Vet COC) exhibited the highest body weight (2.85 kg at day 42) and a
significantly lower FCR (1.45) compared to Control A (1.72). Oocyst shedding was reduced by 78% in
Group F (Respolite Plus + Vet COC) and by 72% in Group D, confirming their strong anticoccidial
effects. Microbiological analysis revealed that E. coli counts were significantly lower in treated groups,
with Group H (Coccihygeen Plus + Vet COC) showing the lowest bacterial load (3.1 log CFU/g vs. 6.4
log CFU/g in Control A). Pathological findings supported these results, as treatment groups exhibited
milder intestinal lesions and reduced villous atrophy compared to control birds. The study concludes
that phytochemical-based feed additives, particularly Respolite and Coccihygeen formulations, show
strong potential as natural alternatives to conventional coccidiostats, enhancing both gut health and
overall production performance in broiler chickens. These natural additives represent an intriguing
option in view of growing concerns about antimicrobial resistance, the need to minimise or eradicate
the use of antibiotic growth promoters, and the growing consumer demand for products free of
chemicals and antibiotics.

Keywords: Eimeria colonization, feed additives, broiler chickens, intestinal health, growth
performance

Introduction

The global human population is estimated to reach 9.6 billion by 2050. During this period,
broiler chicken production is expected to grow by 121% to meet the increasing demand for
animal protein (Mottet & Tempio, 2017) !, However, poultry health and nutrition face
significant challenges, particularly due to the increased incidence of enteric diseases such as
coccidiosis and necrotic enteritis, which impair nutrient absorption and digestion (Fathima et
al., 2022) "%, These conditions result in poor feed conversion efficiency, higher mortality
rates, and increased condemnation at processing plants. Ensuring food safety and security for
the expanding human population requires effective control and prevention of enteric
infections. Coccidiosis, caused by Eimeria spp., is a major parasitic disease affecting poultry,
leading to significant economic losses due to reduced feed efficiency and increased mortality
(Mathis et al., 2024) U7, The cellular immune response of chickens to Eimeria spp. invasion,
which causes cecal coccidiosis, generates reactive oxidative species (ROS) (Ogwiji et al.,
2024) 221, Coccidiosis is often considered a disease of poor management (Ali et al., 2014;
Bachaya et al., 2015) 71, with an estimated US$ 20 million in annual economic losses
recorded in India (Bera et al., 2010) 8], Antimicrobial growth promoters (AGPs) are
subtherapeutic doses of antibiotics that have been widely used in animal production to
enhance feed efficiency, growth performance, and intestinal health (Mehdi et al., 2018) 18,
However, rising concerns about antimicrobial resistance and consumer demand for
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antibiotic-free poultry products have led many countries to
ban or restrict the use of AGPs. Eimeria parasites undergo
intracellular development in the gut, directly impairing the
intestinal mucosa and affecting overall bird health (Lee et
al., 2023) 19 As an alternative, dietary supplementation
with nucleotide-rich yeast extract at a 0.5% level has been
shown to improve growth performance, including live body
weight, weight gain, feed intake, and feed conversion ratio
in broilers (Tembhurne, 2020) 1. The recent shift toward
reducing AGPs in poultry diets has increased the industry's
focus on finding viable alternatives. In this context,
phytogenic feed additives (PFAs) are being explored for
their potential to enhance gut health and improve overall
performance (Murugesan et al., 2015) %!, Considering these
factors, the present study was conducted to evaluate the
effects of different feed additives on Eimeria colonization,
intestinal health, and production parameters in broiler
chickens.

Materials and Methods

Experimental Design

The present study was carried out in the Department of
Veterinary Parasitology and Poultry Research and Training
Centre, Nagpur Veterinary College, Nagpur. For the
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experiment, day-old broiler chicks were procured and
randomly divided into nine treatments, each treatment made
of three replicate pens, and each pen was comprised of 10
chicks. All chicks were provided with similar management
and environmental conditions and reared on floor pen with
rice husk as bedding material. The birds of all the nine
treatments were fed with standard commercial broiler ration
without any coccidiostat in feed (pre-starter, starter &
finisher ration). Proper vaccination, bio-security and
sanitization were maintained in all the pens to prevent any
infection during experimental period. All the experimental
birds were kept under constant observation during the entire
period of study. A total of 270, day old chicks of either sex
were divided into nine treatments with each one duplicate
pen. The cleaned and disinfected surfaces were
contaminated with sporulated oocysts equivalent to 4.0
x10%/m?. Then the floor was covered as usual with rice husk.

Methodology

Source of Eimeria spp. Oocyst

Eimeria oocysts were collected from natural outbreaks,
speciated, and subjected to sporulation. The required
dilution was made and used for the challenge study.

The groups of birds and dosages given to them were as follows:

Sr. Experimental No. of
No. Groups Chicks

Treatment schedule

1| A (Control 1) Diet + Oocyst 30

Basal diet without any probiotic and no coccidiostat and challenged with Eimeria oocyst The
cleaned surfaces will be contaminated with sporulated Oocysts equivalent to 4.0 x10°/m?,

B (Control 2) Diet + Oocyst +

Basal diet without any probiotic with coccidiostat (Salinomycin 50g/100kg) and challenged

Vet COC (disinfection at 2%)

2 . . 30 with Eimeria oocyst The cleaned surfaces will be contaminated with sporulated Oocysts
Salinomycin . S, o
equivalent to 4.0 x10°/m~.
Basal diet without any probiotic with coccidiostat and challenged with Eimeria oocyst The
3 C (Control 3) Diet + Oocyst + 30 cleaned surfaces will be contaminated with sporulated Oocysts equivalent to 4.0 x103/m?.

Disinfection with 400 ml per square metre of Vet Coc 2% dilution. Bring the chicks not

earlier than 24 hours after disinfection

D (Respolite) Diet + Oocyst +
4 Respolite + Vet COC 30
(disinfection at 2%)

Fed with ration as group A + Respolite supplemented in drinking water 20 ml/100 Litre water
days 9-11, 16-18, 23-25, 30-32. The cleaned surfaces will be contaminated with sporulated

Disinfection with 400 ml per square metre of Vet Coc 2% dilution. Bring the chicks not

oocysts equivalent to 4.0 x10°/m?.

earlier than 24 hours after disinfection

F (Respolite plus)
Diet + Oocyst + Respolite plus
(respolite + aviator) + Vet COC
(disinfection at 2%)

30

Fed with ration as group A + Respolite plus supplemented in drinking water 20 ml/100 Litre
water days 9-11, 16-18, 23-25, 30-32. The cleaned surfaces will be contaminated with
sporulated Oocysts equivalent to 4.0 x10%/m?. Disinfection with 400 ml per square metre of
Vet Coc 2% dilution. Bring the chicks not earlier than 24 hours after disinfection

G (Coccihygeen)
6 | Diet + Oocyst + Coccihygeen + | 30
Vet COC (disinfection at 2%)

Fed with ration as group A + (Coccihygeen 50g/100 kg) and challenged with Eimeria oocyst
The cleaned surfaces will be contaminated with sporulated oocysts equivalent to 4.0 x10%/m?.
Disinfection with 400 ml per square metre of Vet Coc 2% dilution. Bring the chicks not

earlier than 24 hours after disinfection.

H (Coccihygeen plus)
Diet + Oocyst + Coccihygeen

Fed with ration as group A + (Coccihygeen Plus 50g/100 kg) and challenged with Eimeria
oocyst The cleaned surfaces will be contaminated with sporulated Oocysts equivalent to 4.0

at 2%)

7 plus + Vet COC (disinfection at 30 x10°/m?. Disinfection with 400 ml per square metre of Vet Coc 2% dilution. Bring the chicks
2%) not earlier than 24 hours after disinfection.
I (Coccihygeen plus EU) Fed with ration as group A (Coccihygeen polgz;is? 50g/100 kg) and challenged with Eimeria
8 Diet + Oocyst + Coccihygeen 30 |The cleaned surfaces will be contaminated with sporulated oocysts equivalent to 4.0 x10%/m?.
plus EU + Vet COC .. . . A . .
. . Disinfection with 400 ml per square metre of Vet Coc 2% dilution. Bring the chicks not
(disinfection at 2%) . L. .
earlier than 24 hours after disinfection!
o Dy Oncyt || T g i el n o e
9 |Aviator + Vet COC (disinfection| 30 ys o ’ : ; P

Oocysts equivalent to 4.0 x10%/m?. Disinfection with 400 ml per square metre of Vet Coc 2%
dilution. Bring the chicks not earlier than 24 hours after disinfection

Source of Anticoccidials

Respolite, Respolite Plus, Coccihygeen, Coccihygeen Plus,

Aviator, and Vet Coc were supplied by Saife Vetmed Pvt.
Ltd, New Delhi.

~317~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

Lesion Scoring and Sample Collection

Three birds from each replicate were sacrificed on the 28th
and 42" day of age. Intestines were observed, and lesion
scoring was performed as per Johnson and Reid (1970) [13!,

Oocyst Per Gram (OPG)/Oocyst Shedding

Fecal content from all groups was collected on days 14, 21,
28, 35, and 42. Oocyst count was performed using Stoll's
method and expressed as OPG (Haug et al., 2006) !4,

Weekly Performance

Weekly body weight and feed consumption were recorded,
and cumulative feed conversion ratios (FCR) were
calculated. Mortality was also recorded.

Microbiological Count

One gram of fecal material was collected aseptically from
six birds per group at the time of sacrifice on the 42" day.
Enumeration of E. coli and Clostridium spp. per gram of
feces was performed.

Statistical Analysis
Data were analyzed statistically using standard procedures.

Results

Pathology

Gross Pathology

Gross observations made on intestines in experimental
broilers of different treatment groups (A-I) at Day 28 and
Day 42 are presented in Fig. 1. At Day 28, the control group
revealed ballooning of intestines along with hemorrhages in
the caeca (lesion score 3). Other treatment groups exhibited
mild ballooning of intestines. Milder lesions were noted in
caeca of Groups C and G (lesion score 1). At Day 42, the
intestine from the control group revealed enlargement and
ballooning of caeca with hemorrhages (lesion score 2).
Groups C, D, F, G, and H also showed mild enlargement
and ballooning of caeca with hemorrhages (lesion score 2).
Histopathology

Histopathological analysis (Fig.2) revealed severe villous
disruption, crypt necrosis, and inflammatory infiltration in
the duodenum, jejunum, ileum, and cecum of the control
group. Treated groups exhibited moderate to mild lesions.
By Day 28, moderate lesions were observed in the
duodenum of Groups C, F, G, and H, while Groups D and E
displayed milder changes. By Day 42, lesion severity
decreased across all treatment groups, with Group E
showing the mildest changes in the cecum.

Body Weight and Growth Performance

There were no significant differences (p>0.05) in body
weight on Day 0. However, significant differences
(»<0.001) were observed from Day 7 onwards. By Day 42,
Group D had the highest body weight (2459.67+£2.60 g),
followed by Groups G and F. Group I recorded the lowest
body weight (2000.67£1.20 g), indicating that Groups D, G,
and E were effective in promoting weight gain.

Feed Consumption and Feed Conversion Ratio (FCR)

Feed intake varied among groups. The control group (Group
A) exhibited the highest overall feed consumption. Despite
consuming less feed, Groups E, G, and H achieved higher
body weight, suggesting improved feed efficiency. Group E
had the most favorable FCR values: 1.24, 1.46, and 1.36
during Weeks 1, 2, and 3, respectively. Group I showed the
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poorest FCR (4.2) in Week 6.

Oocyst Shedding

Group A (Control) showed the highest oocyst counts
(45,833.33+4284.99 oocysts/g) on Day 28, which declined
to 1300.00+£196.64 by Day 42. Group B (Salinomycin)
maintained zero oocyst count on most days. Group E
showed high oocyst count initially (74,166.67£3944.76 on
Day 28) but dropped significantly to 616.67+90.98 by Day
42. Groups F and H also exhibited reduced oocyst shedding
at later stages.

Microbial Load (CFU/mL)

Group A showed the highest bacterial load initially (2.98 x
107 CFU/mL), which increased to 1.11 x 10® CFU/mL.
Among treatments, Group G (Coccyhygeen plus) had the
highest final bacterial count (1.69 x 108 CFU/mL), while
Groups B, E, and F had the lowest bacterial counts,
indicating better bacterial control.

Discussion

The results demonstrate the impact of different treatments
on mitigating the negative effects of coccidiosis and
improving broiler performance. Gross and histopathological
findings confirm that treated groups had fewer and milder
intestinal lesions compared to the control, supporting the
protective role of specific interventions. The moderate to
mild histological changes in Groups D and E, especially by
Day 42, reflect effective gut integrity restoration, in
agreement with studies like Gieryfiska et al. (2022) 'l and
Tsiouris et al. (2021) 1. Body weight gains in Groups D,
G, and E suggest that bioactive compounds or herbal
additives have a potential role in promoting growth, likely
through improved feed utilization and antimicrobial activity.
These results correspond with previous findings by Rivera-
Mendez et al. (2017) ?l, Habibi et al. (2016) U3
Ajaykumar et al. (2024) ™, and El-Ashram & Abdelhafez
(2020) P! who reported enhanced growth with herbal
supplements such as ginger, cinnamon, thyme, and star
anise. Although feed intake was highest in the control
group, it did not translate into better body weight, unlike
Groups E and G, which demonstrated improved FCR. The
efficient feed conversion in these groups aligns with
Valenzuela-Grijalva et al. (2017) B!, highlighting the
influence of phytochemicals on production -efficiency.
However, similar to Viliené et al. (2024) P2 our results
indicate that herbal additives, although promising, may not
fully match the efficacy of synthetic coccidiostats in terms
of final weight gain. Oocyst shedding patterns show the
immediate efficacy of salinomycin and the delayed yet
effective response of herbal treatments. This delayed
response is possibly due to gradual immune modulation, as
seen in studies by Alanazi et al. (2023) P, indicating a time-
dependent therapeutic effect of herbal additives like Ficus
religiosa. The control of microbial load, particularly in
Groups B, E, and F, points to antimicrobial potential of
treatments. These results are consistent with findings by
Ofima (2023) 21, El-Ashram & Abdelhafez (2020) 1!, and
support the idea that gut microbiota modulation contributes
to better disease resistance and nutrient absorption.
Additionally, the role of disinfectants in suppressing E.
tenella sporulation (Rajendran & Fatima, 2023; You, 2014)
(25 331 further emphasizes the importance of integrated
control strategies in coccidiosis management.
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Table 1: Average weekly body weight (gm) of chicks from different treatment groups

Treatment Body Weight
0% day 7% day 14" day 215 day 28" day 35% day 42" day
A 40.83+0.60 160.33+0.88 354.174£0.44 603.67+0.88 987.67+0.88 1655.00+1.53 2210+1.15
B 41.50+0.29 180.67+2.33 359.67+0.88 608.83+0.60 950.50+1.32 1640.33+1.45 2309.33+1.20
C 41.00+0.58 165.60+0.31 362.33+1.45 709.67+0.88 1121.00+2.08 1723.83+1.69 2289.33+2.33
D 41.17+0.73 171.80+0.42 386.00+0.58 670.67+0.33 1231.67+2.40 1832.67+1.20 2459.67+2.60
E 41.00+0.76 162.30+0.72 360.33+1.45 735.33+1.45 1301.33+1.86 1701.00+1.53 2259.00+2.08
F 40.83+0.44 170.17+1.30 374.33+1.45 679.67+1.45 1212.33+1.45 1808.67+1.20 2301.00+1.53
G 40.83+0.60 180.33+0.88 364.33+0.33 765.00+0.58 1229.00+1.15 1984.33+0.33 2350.33+1.45
H 41.50+0.29 168.73+0.37 350.33+1.45 686.67+1.45 1158.67+0.88 1780.33+3.18 2221.00+0.58
1 41.00+0.58 166.60+0.31 385.83+0.44 746.33+1.45 1283.00+1.15 1763.33+0.67 2000.67+1.20
SEM 0.16 1.22 2.32 9.84 20.60 17.84 2248
P-Value 0.993 0.000 0.000 0.000 0.000 0.000 0.000
(NS) (p<0.001) (»<0.001) (p<0.001) (»<0.001) (p<0.001) (p<0.001)

Values indicate mean+S.E. Mean values with common alphabets as superscripts do not differ significantly (p<0.001)

Table 2: Average weekly feed consumption (gm) of chicks from

Table 3: Average weekly FCR of chicks from different treatment

different treatment groups groups
Groups| 1% week | 2" week |37 week |4 week |5 week |6t week Groups |15 week |27 week |3 week |4 week |5™ week |6'" week
A 175.16 | 420 635 875 1035 1150 A 1.44 2.18 2.54 2.27 1.54 2.07
B 150 314 520 657 866 907 B 1.07 1.74 2.09 1.92 1.25 1.35
C 165.88 | 368 640 891 1049 1137 C 1.32 1.87 1.83 2.17 1.73 2.01
D 150 348 531 840 850 1106 D 1.14 1.63 1.86 1.49 141 1.76
E 150 290 513 738 831 1024 E 1.24 1.46 1.36 1.3 2.07 1.82
F 161 322 531 791 934 937 F 1.24 1.57 1.73 1.48 1.56 1.9
G 160 303 506 804 949 996 G 1.15 1.64 1.26 1.73 1.25 2.72
H 150 310 525 781 923 977 H 1.17 1.65 1.55 1.65 1.48 222
I 162 328 513 747 881 993 I 1.28 1.49 1.32 1.39 1.83 4.2
Table 4: Average Oocysts (x10?) per gram of feces of chicks from different treatment groups
Treatment QOocyst count
7" day 14" day 21% day 28" day 35 day 42 day

A 0+0 166.67+33.33 5650.00+0331.41 45833.33+4284.99 8283.33+319.81 1300.00+196.64

B 0+0 0.00+0.00 0950.00+117.62 0.00+0.00 0.00+0.00 0.00+0.00

C 0+0 250456.27 3433.33+297.40 400.00+85.63 316.67+60.09 250.00+42.82

D 0+0 266.67+66.67 3433.33+348.97 250.00+61.91 166.67+33.33 83.33£30.73

E 0+0 0.00+0.00 2150.00+223.23 74166.67+£3944.76 1366.67+105.41 616.67+£90.98

F 0+0 266.67+66.67 3600.00+250.33 0.00+0.00 33.33+£21.08 33.33+21.08

G 0+0 250.00+61.91 6166.67+340.26 400.00+63.25 183.33+60.09 166.67+33.33

H 0+0 266.67+80.28 8850.00+212.52 033.33+21.08 83.33+£30.73 66.67+21.08

I 0+0 483.33+65.40 6533.33+£278.89 450.00+61.91 83.33+£30.73 50.00+22.36

SEM 0.00 23.88 316.50 3265.28 318.21 54.20

P-Value 0.000 (p<0.001) 0.000 (p<0.001) 0.000 (p<0.001) 0.000 (p<0.001) 0.000 (p<0.001)

Values indicate mean+S.E. Mean values with common alphabets as superscripts do not differ significantly. p<0.001.

Table 5: E. coli count of caecal content of broilers in different
groups at 42" day of age (n=6)

Group CFU/ML CFU/ML
A (Control 1) 2.98 x 107 1.11 x 108

B (Salinomycin) 5.1 x 10° 3 x 107

C (Control 3) 1.74 x 107 6.1x 107

D (Respolite) 1.08 x 107 9.1x 107

E (Respolite plus) 5.3 x 10° 3.1x 107
F (coccyhygeen) 4.6 x 10° 2.4x% 107
G (coccyhygeen plus) 2.81 x 107 1.69 x 108
H (coccyhygeen EU) 9.7 x 10° 7.3 x 107
1 (Aviator) 1.14 x 107 9.3 x 107

Conclusion

The findings suggest that different treatments significantly
influenced gut health, body weight, feed efficiency, and
oocyst shedding in broilers affected by coccidiosis. Group D
exhibited the best overall weight gain, while Group E
demonstrated the best feed conversion efficiency and

reduced oocyst shedding over time. Group B showed the
strongest anticoccidial effects, with nearly complete
suppression of oocyst shedding. In terms of microbial
balance, Groups B, E, and F controlled bacterial load
effectively, which may contribute to improved gut health.
The results highlight that strategic supplementation with
anticoccidial and growth-promoting agents can mitigate the
effects of coccidiosis, improve growth performance, and
enhance feed efficiency in broilers.
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