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Simple Summary: Eimeria tenella pathogens belong to the Eimeriidae family and the Apicomplexa
phylum, which invades the cecal epithelium of birds, resulting in massive injury and economic loss.
We evaluated the ameliorative effect of Rumex nervosus (RN) leaf powder against E. tenella-induced
coccidiosis in broiler chickens. Chickens infected with E. tenella were treated with 1, 3, and 5 g/kg
RN, respectively. Salinomycin sodium (Sacox®), an anti-coccidial agent, was used as a reference
drug. Results have shown that RN contains Gallic acid and 13 phytochemicals, which require further
investigation in vitro or in vivo to ascertain whether the anti-coccidial activity, if there, is a direct
or indirect link to reduce the number of fecal oocysts in the bird. The lesion score and bloody
diarrhea were also decreased after infection. Moreover, the coccidial challenge adversely affected
(p < 0.05) the performance measurements in the RN- and Sacox-treated groups compared with the
uninfected-unmedicated control (NC) group. Interestingly, these parameters were positively affected
by natural and synthetic treatments compared with infected—unmedicated control (PC); however,
the values were not significant. In conclusion, RN at the highest dose is a promising shrub with a
moderate anti-coccidial activity when used to cure avian coccidiosis.

Abstract: Coccidiosis a huge economic burden in poultry farms where the pathogen Eimeria harms
animal well-being and survival. Besides synthetic anti-coccidial drugs, natural herbs appear to be an
alternative way to prevent avian coccidiosis. Rumex nervosus (RN), a phytogenic shrub, has received
considerable attention in recent years due to its significant anti-microbial effects; however, limited
knowledge exists about its potential anti-coccidial functions. This study was conducted to evaluate
the prophylactic and therapeutic activities of RN leaf powder in broilers infected with Eimeria tenella.
Infected chickens received a commercial diet containing 1, 3, or 5 g RN powder/kg diet compared
to infected broilers that treated with Sacox (PC) or compared to uninfected broilers that received a
commercial diet alone (NC). Results showed that RN powder significantly (p < 0.05) reduced the
lesion scores and suppressed the output of oocysts per gram (OPG) in chickens’ feces. Although RN
was unable to minimize the weight gain loss due to emeriosis, RN at level 1 g improved the feed
conversion ratio. Therefore, RN powder, at 5 g, possesses moderate anti-coccidial effects and hence
could be used to treat avian coccidiosis in field conditions; however, further studies are required to
investigate, in vitro or in vivo, the anti-coccidial potential of active ingredients.

Keywords: anti-coccidial effect; broiler chicken; Eimeria tenella; Rumex nervosus leaf powder

1. Introduction

Coccidiosis is an intracellular protozoan disease that affects the hygiene and perfor-
mance of the majority of animals and birds. Coccidian protozoa belonging to several genera
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and species cause coccidiosis. The genus Eimeria affects birds, cattle, rabbits, and other
mammals, and the genus Isospora is known to infect dogs and cats [1]. The protozoan Eime-
ria that belongs to the phylum Apicomplexa causes avian coccidiosis. Avian coccidiosis is
one of the most serious poultry diseases and affects the worldwide poultry industry. More
than 50 billion poultry are raised as meat source each year, accounting for more than a
third of protein foods for humans [2]. However, coccidiosis causes large economic losses
of up to USD 3 billion dollars worldwide [1,3]. Poor performance and high mortality and
morbidity of chickens, associated with medication expenditure, subsequently contribute
to the financial burden. The overall prevalence of coccidiosis in Riyadh, Saudi Arabia,
in a year was reported at 75% among domestic rabbits [4] and 80% among house-reared
chicks [5]. Ref. [6] reported that younger chicks were more susceptible than older chicks
to emeriosis. Eimeria acervulina, E. maxima, E. tenella, and E. praecox are often found in
broiler chickens.

Dietary supplementation of Curcuma longa can be used to enhance coccidiosis resis-
tance through increased body weight gain (BWG), decreased lesion score of the gut, and
reduced shedding of fecal oocysts [7]. Moreover, a natural product, betaine, can reduce
the effects of coccidian challenge [8]. Berberine has been reported to exert a protective
effect on chicks’ cecum infected with E. tenella [9]. Mixtures of essential oil (eugenol, thy-
mol, and piperine) and vitamin D3 may be used as an anti-coccidial feed supplement in
coccidian-infected broilers [10]. This supplement has a positive effect on the BWG and feed
conversion ratio (FCR) of birds due to improved digestibility of nutrients by stimulating di-
gestive enzymes, increasing beneficial microflora, and reducing intestinal lesions caused by
coccidial protozoa. Various chemical anti-coccidial drugs such as Amprolium, Monensin,
Diclazuril, and Sacox are widely used in the poultry industry and have effective control
of avian coccidiosis [11]. Salinomycin is a standard coccidiostat monovalent ionophoric
therapeutic drug that disrupts alkali ions gradients across the cell membrane of Eimeriosis
across interfering with potassium potential transmembrane and promoting K+ ions efflux
from cytoplasm and mitochondria. As a result, Salinomycin acts at the early stages of
the parasite life cycle and is most useful as a preventative than a therapeutic drug. Here,
Salinomycin used with the diet as preventative or coccidiostat rather than as coccidiocidal
drug. The coccidiocidal such as Toltrazuril (Baycox®) as one of the triazines used during
outbreaks due to Toltrazuril acts on intracellular stages of the life cycle that are undergoing
schizogony and gamogony leading to control parasite in broilers with just a single 2-day
treatment course [12-14]. However, the incidence of drug resistance from parasites and the
consumers prefer residue-free meats have prompted a number of researchers to suggest
and develop alternative agents [15,16].

In recent years, some phytogenic feed additives have been considered to be effective
in protecting chickens from coccidia-induced injury. [17] reviewed the interest in medicinal
plants and their derivatives as coccidiostat replacements for use in poultry production.
Numerous herbs and their extracts, including artemisinin (Artemisia species) [18], betaine
(Beta vulgaris) [19], Echinacea species (American coneflower, purple coneflower) [20],
Aloe vera [21], Azadirachta indica (Neem) [22], Emblica officinalis [22], and mushrooms [23],
have been investigated for their anti-coccidial properties. These herbs produce bioactive
phytochemical compounds that act against induced eimeriosis and are harmless to poultry
meat consumers.

Further studies reveal that researchers are exploring a low-cost natural product with
reduced side effects against emerioisis [24,25]. Considering that herbs and other biological
constituents are safe, nutritious, and therapeutic, the use of natural anti-oxidants has
recently received considerable attention [26-28].

Ithrib (R. nervosus Vahl) is a perennial herbaceous plant, available year round, and
native extensively to some Eastern African countries and the Arabian Peninsula. It is
distributed in Yemen, Saudi Arabia, Somalia, Ethiopia, Tanzania, and Kenya [29,30]. Conse-
quently, those countries need alternative anti-coccidial drugs that able to control the avian
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coccidiosis disease without affecting the production efficiency or human health through
either poultry company customers or end-user consumers [25,26,29].

It is an ethnomedicinal plant originally belonging to the Polygonaceae family. The
root, stem, leaf, and metabolites of Rumex nervosus (RN) contain essential phytochemical
ingredients such as carbohydrates, vitamins, sterols, glycosides, triterpenes, saponins, tan-
nins, and flavonoids, which possess a variety of pharmacological and biological activities
and potential applications in medicine [30-33]. Recent studies show that RN leaf extracts
have anti-coccidial and anti-inflammatory activities [34]. RN has anti-oxidant properties
and improves the performance of broiler chickens [35]. It is used as traditional therapy for
several diseases and functions such as an anti-bacterial [29] and anti-parasitic [36] agent.
There are pharmacognostical study of RN growing in Yemen reported by [30] reported
that the ethanolic extract of RN considered as non-toxic up to a dose of 7.1 g/kg b.wt, and
have cytotoxic activity with varying degrees of potency against human cancer cell line. In
addition, [30] reviewed that RN have many traditionally uses and treated multifaceted
cases in human such as many inflammatory diseases, wounds, diarrhea, typhus, rabies and
skin disorders. As a result, RN as the natural medicinal herb has fewer adverse effects and
a lower estimated cost, as opposed to synthetically produced chemical compounds [35]. Di-
arrhea and vomiting are side effects of RN in children. Thus, contraindication administered
for children and the Red teff porridge considered antidotes [37]. The shrubs belonging to
the Polygonaceae family may comprise a large amount of oxalic acid. Consuming a large
amount of oxalic acid contributes to hyperoxaluria that leads to the calcium oxalate stone
formation, and hypocalcemia due to reaction them with plasma calcium and precipitate
insoluble calcium oxalate in liver, kidneys, heart, blood vessels, and lungs [38]. However,
to date, there is limited or no evidence of RN leaf powder supplementation of diets used for
coccidiosis therapy. Therefore, this study was conducted to evaluate the efficacy of different
concentrations of RN leaf powder supplementation used as a dietary anti-coccidial and
growth promoter agent in broiler chickens experimentally challenged with E. tenella.

2. Materials and Methods
2.1. Ethical Approval

Adequate measures were taken to minimize pain or discomfort of the birds, and the
study procedures were approved by the Departmental Ethics, Methodology and Welfare
Studies board, King Saud University (KSU), Kingdom of Saudi Arabia (Ethical committee
approval No. KSU-SE-20-44).

2.2. Housing, Infection, and Experimental Design with Broiler Chickens

A total of 150 one-day-old hatched broiler chickens (Ross 308) were obtained from the
local hatchery, AL-Khumasia Feed and Animal Products Company, Riyadh, Saudi Arabia.
Birds were then randomized to six treatment groups using a completely randomized design.
Each group consisted of 25 birds with five replicates per group and 5 birds per replicate.
The starter (1 to 21 d) and finisher (22 to 28 d) diets were provided according to the Ross
308 guideline (Table 1). Birds were fed with commercial diets at 1, 3, and 5 g RN /kg diet in
groups 1, 2, and 3, respectively. Group 4 birds were fed with basal diets plus 66 mg Sacox.
The 66 mg Salinomycin/kg diet were used as standard coccidiosis drug supplemented
with diet based on previous studies such as [12,13].

Group 5 was a positive control (PC), i.e., infected—unmedicated control group, in
which birds were challenged with E. tenella oocysts without any addition of RN in their diet.
Group 6 was the negative control (NC), i.e., an uninfected—unmedicated control group,
in which birds have not exposed to E. tenella oocysts without any addition of RN to the
diet. The overall study duration was 28 d, and the birds were reared in an environmentally
controlled house in a cage measuring 58 cm length x 50 cm width x 35 cm height. The
temperature and relative humidity were 33 °C and 65% up to 5 d of age and were reduced
gradually to 24 °C and 50% up to 21 d of age. The “23-h-on and 1-h-off” photoperiod was
used. Feed and water were provided on an ad libitum basis.
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Table 1. Ingredients and calculated nutrients of broiler starter and finisher diets.

Ingredient Period
Starter Finisher
Yellow corn 53.218 58.09
Soybean meal 37.85 32.15
Wheat bran 2.00 2.2
Corn gluten meal 1.4 0
Choline chloride CL 60 0.05 0.05
Corn oil 15 4.2
Dicalcuim phosphate DCP 1.98 1.615
Ground limestone 0.9 0.79
Salt 0.400 0.30
DL-methionine 0.292 0.25
Lysine-HCL 0.21 0.105
Vitamin-mineral premix 1 0.200 0.200
Total 100 100
Metabolic energy (ME),
keal/kg 3000 3200
Crude protein, % 23.0 20.0
Non phytate p, % 0.48 0.405
Calcium, % 0.96 0.81
D-lysine, % 1.28 1.06
Sulfur amino acids, % 0.95 0.83
Threonine, % 0.86 0.71

1 Vitamin-mineral premix contains the following per kg: vitamin A, 12,000,000 IU; vitamin D3, 5,000,000 IU;
vitamin E, 80,000 IU; vitamin K3, 3200 mg; vitamin By, 3200 mg; vitamin B,, 8600 mg; vitamin B3, 65,000 mg;
pantothenic acid, 20,000 mg; vitamin B¢, 4300 mg; biotin 220 mg; anti-oxidant (BHA+BHT), 50,000 mg; By, 2200 mg;
Bi2, 17 mg; copper, 16,000 mg; iodine, 1250 mg; iron, 20,000 mg; manganese, 120,000 mg; selenium, 300 mg, and
zinc, 110,000 mg.

The E. tenella oocysts used in this study were kindly provided by collaborators from
the Department of Zoology, College of Science, KSU, Riyadh, Saudi Arabia. Unsporulated
oocysts were collected from the feces of chickens that were naturally infected on the 7th d
after infection. These oocysts were sporulated, purified, and preserved in 2.5% potassium
dichromate at 25 °C for 72 h and then stored at 4 °C until use [39]. Identification of the
species of the sporulated oocysts was based on morphological characteristics and morphom-
etry as described by [35], as well as the location of lesions. In addition, sporulated oocysts
were passed twice over 2 weeks of age in healthy chickens before being used to activate the
parasite and confirm the placement of the lesions. Oocysts were then collected, sporulated,
washed, and adjusted to 1 x 10*/100 puL/bird. A total of 10,000 sporulated oocysts were
administered orally (gavage) to each experimental chicken in 1 mL of distilled water [40].

2.3. RN Leaf Powder Preparation and Its Nutritional Composition Analysis

RN Vahl was collected from the valleys and mountains around the village of Bait
Al-Aqra, Ibb region, Yemen. RN exsiccatae registration No. 23033, registered by botanist
(herbarium specialist): Dr. Jacob Thomas at the Department of Botany, Faculty of Science
at King Saud University. The harvested RN leaves had been air-dried every five hours
for 15 days under sunlight. Then, the dried leaves were ground to a fine powder (par-
ticle size; 0.25-0.30 mm) using a blender in our laboratory. After that, grinding leaves
were mixed with the diets of broilers at concentrations of 1, 3, and 5 g of RN /kg diet.
Proximate analysis was conducted to determine the nutritional value of RN as described
by [41]. High-performance liquid chromatography (HPLC) analysis was used for the
identification, separation, and dosing of chemical compounds in the RN extract mixture.
Gas chromatography-mass spectrometry (GC-MS) test was used for detecting the chemical
composition as described by [42].
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Inhibition rate (%) =

2.4. Anti-Coccidial Evaluation

To evaluate the anti-coccidial index (ACI) or efficacy of RN leaf powder, bloody
diarrhea, fecal oocysts per gram, relative BWG, lesion scores, and survival rate were
determined as anti-coccidial parameters based on the formula described by [43], and then
the ACI value was determined as described by [44]. In brief, the ACI value below 120 was
evaluated to be an inactive anti-coccidial effect, 120 to 140 as mild or slight, 140 to 160 as
moderate, 160 to 180 as marked, and above 180 as excellent.

Bloody diarrhea in chickens was evaluated by daily observation under veterinary
supervision and counting of bloody feces (count number of blood pieces present in feces
after parasite oocyst penetrate the cecal part of chicken intestine via the fecal-oral route,
and multiples in its epithelium) through the 4th to 7th d post-infection period. The
chickens’ bloody diarrhea is one of the clinical signs of coccidiosis, and here considered one
parameter to calculate the anti-coccidial index. In the morning, during the 4th to 7th day’s
post-infection period, bloody chicken diarrhea was achieved by observing and counting
the number of blood pieces present in the birds’ feces trays. After each observation, the
feces were removed to see the new bloody pieces, and so on every day. The mean number
of pieces of bloody feces in each treatment was assigned from 0 to 4 and rounded to the
nearest integer. Briefly, 0 represented normal feces, 1 indicated one piece, 2 represented
two pieces, 3 indicated three pieces, and so on, respectively. The fecal score percentage was
then determined as (total highest fecal score for each division in PC minus total highest
fecal score for each division in the medicated group)/total highest fecal score for each
division in PC multiplied by 100.

The rate of inhibition of oocyst production was calculated as described by [45]
as follows:

No. of oocysts per gram (OPG) produced by positive control (PC) group — No. of OPG produced by medicated infected group

No. of OPG produced by PC group x 100 (1)

No. of OPG output of every group 1

Oocyst value (%) = No. of OPG output of PC group

00 @)

Excreta samples of each replicate were collected on the 7th d of infection from each
pen. Each fecal sample was mixed thoroughly and dispersed in 10 mL of water. The
number of oocysts in a suspension of 10 pL was then counted using a glass microscope
slides and cleaned square microscope glass cover slides coverslips, 18 mm x 18mm under
the Olympus optical microscope (Olympus Corporation, Tokyo, Japan) provided with
microscope digital camera [46]. The results were expressed as OPG output.

Clinical signs and mortality were examined and recorded every day after infection.
The survival rate was then calculated as the number of survived birds relative to the
number of initial birds.

At the end of the trial (d 7 post-infection) at 28 d of age of the Ross 308 broiler chickens,
a sample of 30 birds, with 1 bird /1 replicate, n = 5 birds in each group were subjected to
feed withdrawal for 10 h, but drinking water was provided ad libitum during the feed
withdrawal period. The birds then slaughtered and cut according to the law of animal
welfare. After slaughtering by cutting the jugular vein, birds were left for complete bleeding
and were then de-feathered and eviscerated. The cecum of each bird was removed and
examined. The lesion scores ranged macroscopic lesions observed at necropsy on a scale
of from 0 to 4 depending on the severity of the lesion and atrophy of the cecum. Where
0 refers to normal status and no gross lesions, 1 to small scattered petechiae, 2 to numerous
petechiae, 3 to extensive hemorrhage, and 4 to extensive hemorrhage that provides a dark
color to the cecal of the birds including coccidiosis-related death. Moreover, the length of
the ceca was measured and recorded as mean £ SEM (in cm) to assess the degree of atrophy.
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2.5. Performance Indices

To evaluate the bird’s performance measurements, all birds were weighed separately
and the body weight gain (BWG) was calculated by subtracting the initial BW from the
final BW (subtracting BW at 7 d postinfection from BW on the day birds were challenged
with Eimeria oocysts). The feed consumption (FI) of birds in each pen was measured at
the end of the test by subtracting the residual feed weight from the feed provided at the
start of emeriosis challenge. Then, the feed conversion ratio was calculated as FCR = feed
intake (g)/BWG (g) [47]. The European production efficiency factor (EPEF) was calculated
as follows [27]:

Livability x Live weight (Kg)

EPEF =
Age in days x FCR

x 100 3)

The following formula was used to compare performance [48]:

1 weight gai
Performance index (PI) = to::ﬁe:ﬂeiint ij;?on x 100 4)
\Y

2.6. Statistical Analysis

All data were statistically analyzed using All data were statistically analyzed using
general linear models procedure of SAS (Statistical Analysis System) software (SAS, 2012,
SAS Institute Inc., Cary, NC, USA) [49]. All data were subjected to one-way analysis of
variance and expressed as mean + SEM.

For the analysis of variables, the following statistical ANOVA models were used:

Yij = p + Ti + ejj

where: Yij = the observed j variable in the ith treatment; 1 = overall mean of the variables;
Ti = the effect the ith treatment; and eij = random residual error. For statistical differences,
all mean values were separated using the Ryan-Einot-Gabriel-Welsch multiple range.

3. Results
3.1. Nutrient Analysis and Phytochemical Composition of RN Leaves

The chemical composition of RN leaves is shown in Table 2. The crude protein, crude
fiber, ash, neutral detergent fiber, acid detergent fiber, and energy were detected at 13.63%,
8.24%, 18.01%, 20.21%, 15.48%, and 3273.31 kcal/kg, respectively, which indicated its
potential as a nutraceutical. Gallic acid was the component detected with the largest
composition (700 ng/g) in RN leaf extracts based on the HPLC results (Table 3; Figure 1a).
GC-MS was used to analyze the leaf extracts of RN, which identified the compounds shown
in Table 4 and Figure 1b. Fatty acids were found to be the most abundant compounds.

3.2. Anti-Coccidial Activity

Clinical signs of coccidia parasite infection such as huddling together, ruffled feathers,
and depression were detected in the infected birds but not in the uninfected birds. Table 5
shows the effects of RN leaf powder on the mean output of OPG, lesion score, oocyst
value, bloody diarrhea, inhibition rate, and cecal length of each experimental group atd 7.
There was no mortality in all the experimental groups, except for one bird in the PC group
(group 5). Bloody diarrhea and fecal output of oocysts were absent during the first 4 d after
the challenge. Bloody diarrhea was observed in groups 1 to 5 from the 4th to 7th d after
E. tenella challenge. The dietary supplementation of 5 g/kg RN reduced the OPG, oocyst
value, lesion score, bloody diarrhea, and cecal length atrophy of broilers at the 7th d after
infection, whereas treatment with 1 g/kg RN produced the opposite results; however, the
differences were not significant (p > 0.05). Therefore, after feeding with RN leaf powder, the
anti-coccidial activity among the birds appeared to be dose-dependent but not significant
when compared with each other (p > 0.05). Furthermore, the anti-coccidial parameters
of birds in groups fed with RN-medicated diets at the dose used in this study were not
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significant compared to those evaluated after Sacox treatment. Moreover, the birds” OPG,
oocyst value, lesion score, bloody diarrhea, and cecal length atrophy in RN- and Sacox-
medicated groups were significantly reduced (p < 0.05) compared with birds in the PC
group. Consequently, severe pathological features such as higher OPG, oocyst value, lesion
score, bloody diarrhea, and cecal length atrophy were noticed in the PC group (p < 0.05)
compared to those in the NC group. The inhibition rates of RN-medicated groups 1, 2, and
3 and Sacox-medicated group were 48.85%, 61.99%, and 76.07% and 75.06%, respectively
(Figure 2). A relationship was observed in which oocyst output reduced with increasing
extract dose. Oocyst morphology of E. tenella in the infected experimental treatments is
shown in Figure 3.

Table 2. Proximate composition of dried leaves of Rumex nervosus *.

Parameter As-fed basis (%)
Moisture content 5.67
Dry matter 94.33
Crude protein 13.63
Ether extract 1.54
NFE 58.58
Total carbohydrate 5291
Crude ash (Inorganic matter) 18.01
Total crude fiber 8.24

Total fiber fractions

A. Acid detergent fiber 15.48

B. Neutral detergent fiber 20.21
Organic matter 81.99
Nutritive value (GE) (kcal/100 g) 327.33

1 Values are the results of a chemical analysis of three replicates; GE: gross energy; NFE: nitrogen-
free extract or digestible carbohydrates (calculated by difference) = 100 — (protein + lipid + ash + fiber); Total
carbohydrate = 100 — (% ash + % muoisture + % crude fiber + % crude protein); Organic matter = 100 — Ash

Table 3. Contents of individual flavonoids and phenols (ug/g) of Rumex nervosus determined
by HPLC.

Retention Time . Concentration
Compound (RT) (min) Area Height (ug/e)
Gallic acid 3.830 554,308 38,945 700
Catechin - - - -
Chlorogenic acid - - - -
Caffeine - - - -

myv

DetA Ch1

404

LLIC ACID /3.830

0.0 25 50 75 10.0 125

@

min

Figure 1. Cont.
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Figure 1. (a) HPLC chromatogram of the standard mixture of flavonoids and phenols of Rumex
nervosus at 280 nm; (b) Gas chromatography-mass spectrometry (GC-MS) tracing of Rumex nervosus

leaf extract.

Table 4. Main compounds (%) detected by gas chromatography-mass spectrometry (GC-MS) in the methanolic extract of
Rumex nervosus leaf.

Re:l«e{r%t)1(():1;l"r:;r1 € Bioactive Chemical Constituents Quality th;fﬂ;ﬁil) Molecular Formula
4211 Oxime-, methoxy-phenyl-_ 74 151.063 CsHoNO,
7.026 Cyclotrisiloxane, hexamethyl- 72 222.056 CeH1303Si3
7.146 5-Methyl-2-phenylindolizine 59 207.105 CysHisN
7.146 1,2-Bis(trimethylsilyl)benzene 50 222.126 C12HSis
25.41 Hexadecanoic acid, methyl ester 98 270.256 C15H300,
25.41 Pentadecanoic acid, 14-methyl-, methyl ester 97 270.256 Ci7H340,
25.41 Tridecanoic acid, methyl ester 86 228.209 C14Hp50,
25.41 Nonadecanoic acid, methyl ester 53 312.303 CooHy9O,
28.054 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 99 294.256 C19H340,
28.054 9,17-Octadecadienal, (Z)- 920 264.245 C18H3,0
28.123 10,13-Octadecadienoic acid, methyl ester 99 294.256 C19H340,
28.123 7-Pentadecyne 96 208.219 Ci5Hps
28.5 Octadecanoic acid, methyl ester 98 298.287 C19H350,

Table 5. Effect of different experimental supplements and challenge on oocyst/gram (OPG) output, lesion score, oocyst
value, inhibition rate, and cecal length at 7 d postinoculation.

Grou Treat t1 Bloody Lesion OPG Oocyst Inhibition Cecal Length
P reatmen Diarrhea Scores (Mean x 10°) Value Rate (%)
1 RNlg 1.02b 1.82b 6.42° 51.15P 48.85P 15.56 2P
2 RN3g 0.82b 1.6° 4.77be 38.01 b¢ 61.99 b 16.83 2
3 RN5g 0.2b 140 3.00 be 23.93 be 76.07® 16.44 2
4 Sacox 0.0b 0.8 be 3.13bc 24,94 be 75.06 © 15.88 2P
5 PC 2,02 2,62 12.542 100.00 2 0.00 © 11.99°
6 NC 0.0° 0.0°¢ 0.00 € 0.00¢ 100.00 14.79 ab
0.205 0.176 0.8796 7.012 7.454 0.459
2 1.
SEM* Probability 0.0196 <0.0001 0.0010 <0.0001 0.0010 0.0180

1 RN1g, RN3g, and RN5g = Infected supplemented with 1, 3, and 5 g Rumex nervosus leaf powder/kg diet, respectively; Sacox = Infected
supplemented with Sacox (66 mg/kg diet); PC = Infected untreated control, NC = Uninfected untreated control; 2 SEM: Standard error
means; *° Columns with different letters indicate statistically significant differences (p < 0.05).
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Figure 2. Effect of experimental treatments and challenge with E. tenella on oocyst value and inhibition
rate at 7 d postinoculation; R1g, R3g, and R5g are 1, 3, and 5 g RN/kg diet, respectively, Sacox: 66 mg
of salinomycin/kg diet; PC and NC: basal diet with and without coccidiosis challenge, respectively.
Different lowercase letters indicate significant differences.

1gRN 3 g RN 5g RN

PC Sacox NC

Figure 3. Oocyst morphology of E. tenella in the infected experimental treatments. R1g, R3g, and R5g are 1, 3, and 5 g RN/kg
diet, respectively, Sacox: 66 mg of salinomycin/kg diet, PC and NC: basal diet with and without coccidiosis challenge,
respectively. Magnification under object lens 40x and scale bar 50 pm.

As shown in Figure 4, the PC group showed the lowest ACI value (62). The RN-
medicated groups 1, 2, and 3 showed inactive, slight, and intermediate anti-coccidial
impacts, with ACI indexes of 117, 125, and 143, respectively, and the ACI index of the
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infected group supplemented with Sacox reached 143, indicating an intermediate anti-
coccidial effect. The PC group exhibited a higher ACI value (200) than the infected group
supplemented with Sacox.
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Figure 4. Effect of experimental treatments and coccidiosis challenge on the anti-coccidial index
(ACI) of each group at 7 d postinoculation. R1g, R3g, and R5g represent 1, 3, and 5 g RN /kg diet,
respectively, Sacox: 66 mg salinomycin/kg diet, PC and NC: basal diet with and without coccidiosis
challenge, respectively. The ACI value below 120 indicated an inactive anti-coccidial effect, 120 to
140 as mild or slight, 140 to 160 as moderate, 160 to 180 as marked, and above 180 as excellent.

The mean relative BWG ratio of each group is shown in Figure 5. The initial weights
between groups of chickens were not significant (data are not shown). The BW of all three
RN-supplemented groups did not increase significantly when compared between groups
or with the PC group (p > 0.05) or even with the Sacox-treated group. Therefore, our data
demonstrated that the RN leaf powder did not increase the BWG effectively at the current
dose used.
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Figure 5. Effect of experimental treatments and infection with E. tenella on the relative ratio of body
weight gain of birds at 7 d postinoculation. (R1g, R3g, and R5g represent 2, 4, and 6 g RN/kg diet,
respectively, Sacox: 66 mg salinomycin/kg diet, PC and NC: basal diet with and without coccidiosis
challenge, respectively. Different lowercase letters indicate significant differences.



Animals 2021, 11, 167

11 0of 17

3.3. Performance and Production Efficiency

Table 6 shows the effects of RN leaf powder on the feed efficiency of broilers. Dietary
supplementation of 5 g/kg RN increased the BW, FI, production efficiency factor (PEF) of
broilers on the 7th d after infection, whereas treatment with 3 g/kg RN reduced the BWG,
FI, and PEF, but with no significant differences (p > 0.05). Feeding with RN leaf powder
produced no significant differences in the performance parameters of birds (p > 0.05).
Moreover, the performance parameters of birds in the RN-medicated groups at the current
dose were not significant compared to those observed in the Sacox-treated or PC groups.

Table 6. Live body weight (BW), live body gain (BWG), cumulative feed intake (FI), feed conver-
sion ratio (FCR), performance index (PI), and production efficiency factor (PEF) of birds fed with
experimental diets.

Performance
Group Treatment 1

BW (kg) BWG (g) FI (g) FCR (g:g) PI PEF
1 Rlg 1.128 P 58.35 P 96.87 © 1.672b 3536°  251.90°P
2 R3g 1.136 P 5437 96.45 P 1772 30.71°  237.49°
3 R5g 1.2002>  57.18P 98.80 © 1.742 3329  25761P
4 Sacox 1.238 ab 5775 104.352b 1.812 32.03%  254.19b
5 PC 1.120 b 56.45b 99.35b 1.812 3314 230.64P
6 NC 1.2732 83.51 2 117.19 141b 59.762  336.182

. 18.082 2272 1.950 0.040 2313 9.068

SEM ? Probability 0.043 <0.0001 0.007 0.017 <.0001 0.003

1 RN1g, RN3g, and RN5g = Infected supplemented with 1, 3, and 5 g Rumex nervosus leaf powder/kg diet,
respectively; Sacox = Infected supplemented with Sacox (66 mg/kg diet); PC = Infected untreated control,
NC = uninfected untreated control; 2 SEM: Standard error means; > Columns with different letters indicate
statistically significant differences (p < 0.05).

Moreover, the BW, FI, FCR, and PEF of birds in the RN-medicated groups were
significantly lower (p < 0.05) than in the NC group. Birds in the NC group gained excessive
body weight, consumed excessive feed, and converted additional competent feed as a
result of increased FEF compared with birds in the NC group.

4. Discussion

Salinomycin (Sacox®) anti-coccidial drugs are developed from natural products and
broadly used in the poultry sector for controlling coccidiosis. We attempted to mimic
a synthetic anti-coccidial drug to evaluate a natural herb with anti-coccidial properties
that could eventually be further developed into a new, safe, anti-coccidial drug without
tissue residues or even drug resistance. After several herbal plant surveys, we focused
on the RN leaf as there are no or only a few scientific articles addressing the impact of
dietary supplementation of RN leaf powder in the broiler diet. This shrub is rich in several
chemical ingredients such as carbohydrates, sterols, glycosides, triterpenes, saponins,
tannins, and flavonoids in its flowers [50] and root, stems, and leaves [30]. These diverse
phytochemicals bestow this shrub with various bioactivities. Various environmental factors
may, of course, alter the quantitative and qualitative aspects of essential oils (EO) in a variety
of ways, such as altering the metabolism of plants and their secondary metabolites. The
chemical composition of EO depends on climatic, seasonal, and geographical conditions
and harvesting age, distillation technique, storage conditions, the origin of the plant, part of
the plant used, and the stage of development and growth of the habitat (soil, temperature,
and fertilizers). Moreover, their anti-microbial activity depends on the type of composition
and concentration of the EO, the type and concentration of the target microorganism, the
composition of the substrate, and the processing and storage conditions [51,52]. However,
the effect of environmental factors on the chemical composition and yield of compounds
that are believed to help control coccidia is still unknown and needs to be investigated in
the future.
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Coccidiosis is among the most dangerous infectious disease known as red dysentery
caused by the destruction of intestinal epithelial cells, resulting in severe bloody diarrhea in
poultry. Our study results are consistent with those reported by [44] who observed similar
and typical signs of chicken coccidiosis, such as bloody diarrhea, ruffled feathers, wing
drooping, and other signs of infection.

Our data demonstrated that RN leaf powder supplementation considerably reduced
bloody diarrhea in the challenged birds. A reduction in blood loss can help defend the
infected broilers from secondary bacterial invasion, inflammatory reactions, and absorption
of toxic compounds [53]. The anti-diarrheal activity of RN may be attributed to therapeutic
effects such as intestinal motility reduction and direct anti-coccidial activity. It may be
due to the fact that RN contains a higher amount of the flavonoid compound “quercetin”,
which hinders the release of acetylcholine into the digestive tract, an assumption supported
by similar claims made by [54].

The amount of oocysts in feces is a crucial indicator of the spread of coccidiosis
through modern intensive poultry farming due to the transmission of Eimeria oocysts via
the oral-fecal route [55]. Consistent with previous reports [27,44,56,57], the number of
fecal oocysts in chickens challenged with coccidia were effectively reduced in response
to the natural product. The RN leaf powder dramatically reduced the OPG output in the
RN-treated groups, suggesting that RN leaf powder could contribute to the control of
coccidiosis outbreaks in large-scale poultry farms.

The cecum is among the most influential digestive organs in broilers. Infection with
Eimeria could cause major epithelial destruction. Therefore, the host may sustain diarrhea
and malabsorption related to poor weight gain [58,59]. Gross lesion score [60] and cecum
atrophy varied from mild atrophy and scattered petechiae in the RN-medicated groups
to serious atrophy and severe hemorrhage in the PC group. The GLS of the cecum of
the birds was reduced mostly in the Sacox-treated group. These results demonstrated
that bioactive ingredients present in RN leaf powder supplementation can have indirect
anti-coccidial action and can play a role in the control of eimeriosis in birds by reducing
the lesion score, oocysts output, suppressing or delaying the developmental E. tenella
parasite, and mortality. Therefore, RN leaf powder can play a vital role in developing the
organ-protective properties of infected birds [61].

The damaging effect of coccidiosis was obvious in the challenged group that was
ameliorated treatment with the RN herb. The positive impact of RN leaf extract in terms
of the anti-coccidial criterion can be attributed to the presence of abundant flavonoids,
alkaloids, tannins, and saponins, which may exert a combined effect of anti-parasitic,
anti-inflammatory, and anti-diarrheal activity in birds [62,63]. In the present study, the
chemical composition of RN leaves methanolic extracts was studied using HPLC and GC-
MS analysis and resulted in the identification of Gallic acid and 13 compounds, respectively.
Further studies are needed to investigate the anti-coccidial potential of active ingredients
either alone or in mixtures with other anti-coccidial substances. Gallic acid is a phenolic
acid widely distributed in plants and foods and has a wide range of activities, including
anti-oxidant, anti-inflammatory, anti-bacterial, anti-allergic, anti-carcinogenic, and ant-
mutagenic properties. Therefore, natural or synthetic anti-oxidants are commonly used as
feed supplements in the poultry industry to relieve or reduce oxidative stress caused by
the high production of free radical oxidative species during the host cell immune response
to Eimeria invasion [64]. This can play an important role in the defense against parasitic
infections and in the scavenging of tissue damage and cytotoxicity. A total of 13 compounds
were detected in the GC-MS analysis of the methanolic extract of RN leaf, whose activity
and mode of action against coccidiosis must be investigated in further studies.

Our study findings are in agreement with those observed by [65] who reported
that natural herbal components and their extracts such as myrobalan, Quercus infectoria,
Rhus chinensis, and Quercus infectoria, containing gallic acid, gallotannins, tannins, and
other compounds, play a role in controlling eimeriosis in birds, such as reduction of lesion
score, oocyst output, and mortality.
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As anticipated, the performance in the PC group was most adversely affected. These
results are consistent with those of [66] who showed that Eimeria-infected birds exhibited a
significant reduction of body weight and feed consumption compared with uninfected birds
due to coccidiosis infection, resulting in poor nutrient absorption and decreased immune
response and consequently intestinal tissue injury [67]. However, the results indicated
that the BW, FCR, PI, and the production efficacy of the RN- and Sacox-treated groups
were negatively affected (p < 0.05) by the coccidia challenge compared to those in the NC
group that resulted in reduced weight gain due to coccidiosis. Fortunately, the performance
parameters were positively affected in the RN- and Sacox-treated groups compared to
those in the PC group, which are in agreement with the results reported by [27]; however,
the present study values were not significant. The non-significant findings observed in
both groups in this study were incompatible with those reported by [27] who reported
high values for BWG, BW, and PEF in the group treated with a synthetic anti-coccidial
drug (Elancoban). In the present study, the performance was not dependent on the dose.
In contrast to the result of [57], it was observed that the performance increased linearly
with an increase in dose, excluding feed consumption. The synthetic drug Sacox used as a
control in this study had an intermediate anti-coccidial effect. Here, the birds in the Sacox
treated group were consumed with higher feed compared to the birds in other infected
groups, resulting in the worst feed conversion and feed efficiency due to the reduced gain
and higher feed intake of birds. Our findings differ from those of [12,13] which found that
Sacox was the best performing groups.

RN and even Sacox groups were lower BW and BWG compared to NC, which resulted
in reduced weight gain due to coccidiosis. The birds had a higher body weight in the Sacox
groups than the PC; however, gain did not differ.

Besides the above mentioned important findings that strengthen and support the
present study results represent in a reduction of Oocyst number and lesions in the cecum,
there are some limitations. For instance, although the data on the performance index,
weight gain, and production efficiency do not appear to support this shrub in promoting
performance, it is likely that challenged birds by an overdose of coccidian oocysts or
an ineffective dose of RN leaf powder supplementation (such as 1g RN/kg diet) have
an undesirable effect on the chickens. Therefore, further studies must be conducted
carefully using a lower dose of emeriosis oocysts or a higher medicinal dosage to relieve
the undesirable effects on BW. Furthermore, in order to evaluate an in vitro anti-coccidial
efficacy of RN leaf, it is necessary to, determine lethal dose 50 (LDsg) of RN leaf extract,
isolate and identify pure components to understand the relationship between the major
components and their corresponding anti-coccidial effects to allow new drug discovery.
In the present study, our data confirmed that the RN leaf powder yields intermediate
anti-coccidial effects. In this study, the nutritional proximate analysis revealed that RN
had a moderate raw protein content (13.63 percent) and a high carbohydrate content
(52.91 percent) resulted in a higher nutritional value (327.66 Kcal /100 g). There was no
harmful effect of currently used anti-coccidial drugs to broilers or even to human based on
pharmacognostical study of RN growing in Yemen reported by [30], who found that the
ethanolic extract (70%) of RN considered as non-toxic up to a dose of 7.1 g/kg b.wt and
have cytotoxic activity with varying degrees of potency against human cancer cell lines.
We suggest that RN in the range of doses administered could be considered non-toxic.

Although our data have the intermediate activity of RN against coccidia with higher
dose, the performance parameters were higher numerical with lower dose at the same time.
Thus, both sides take into account the anti-cocidal and improvement performance of RN for
future prescript. As a result, our results suggested that the dose could be increased by 5 g
RN or more with good expected result on coccidiosis oocysts shedding when added to the
broiler diet or used as an extract for further improvement, if possible, in order to increase
the efficacy of RN. However, further studies are needed for its application, perhaps alone
or with other herbal products, which could improve the feed conversion rate, increase
body weight gain, and reduce coccidia oocysts together.
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5. Conclusions

In conclusion, dietary RN leaf powder supplementation indicated that RN powder at
level 5 g RN/kg diet possesses moderate anti-coccidial effects through reduced the lesion
scores, suppressed the output of oocysts per gram in chickens’ feces, and hence could be
used to treat avian coccidiosis in field conditions. Although RN was unable to minimize the
weight gain loss caused by infection with emeriosis, RN leaf powder at level 1 g RN/kg diet
improved feed conversion ratio and attempted to improved body weight gain, performance
index, and production efficiency at 7-days post-infection compared to the infected control
group. In addition, the wide distribution, economic nature, and simplicity of using the
Ithrib shrub suggested that RN leaf powder could also act as a moderate alternative to
anti-coccidial agents. This study would eventually support a novel strategy for controlling
broiler chicken coccidiosis in field conditions.
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