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Abstract

The objective of this study was to evaluate the dietary supplementation of Phyllanthus niruri L.
powder (meniran powder, MeP) on the productivity, haematology profiles, and intestinal morphology of
broilers. A total of 200 female, one-day-old chickens were allocated to five treatments randomly, with
four replications (10 birds per replicate): control, without antibiotic and MeP; T2, Zn-bacitracin 0.05%;
T3, MeP 0.02%; T4, MeP 0.03%; and T5, MeP 0.05%. A completely randomized design was employed.
The results showed that MeP supplementation at 0.02%, 0.03%, and 0.05% did not affect the body
weight, feed intake, feed conversion ratio, haemoglobin, packed cell volume; and lymphocyte, red blood
cell, heterophil, monocyte, eosinophil, and basophil counts, but at 0.03% and 0.05%, appeared to
reduce white blood cells (WBCs) compared to those in the control and Zn-bacitracin groups.
Microscopically, MeP supplementation in the diet increased the height and cellular growth of the
mucosal villi of the duodenum, jejunum, and ileum, but the villi appeared fragile as mucosal epithelial
cell necrosis was noted in the taller villi. Thus, it is concluded that MeP did not affect broiler performance
and haematology profiles, except that the number of WBCs at 0.03% and 0.05% was less than that in
the control and Zn-bacitracin groups.
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Introduction

Antibiotic growth promoters (AGPs), such as Zn-bacitracin, are generally mixed into animal
feed at small doses (sub-therapeutic levels) to suppress stress, enhance immunity, and/or prevent
diseases and optimize nutrient absorption in the intestinal wall, thus improving feed efficiency and
product quality (meat, eggs, milk) so that they have a positive impact on poultry performance. The
intestine must be a defence to prevent the entry of pathogenic microbes into the intestinal mucus layer,
using beneficial microbiota and immunoglobulin A (IgA) produced by the host to maintain optimal
nutrient absorption in the intestine (Broom, 2018). AGPs play a role in reducing pathogenic bacteria in
the intestine by increasing the population of beneficial microbiota (such as Lactobacillus spp.) (Kulkarni
et al., 2022), which has a positive impact on bird performance. The negative effects of AGPs include
the presence of residual effects in animal products, such as meat and eggs, and the induction of
antibiotic resistance against bacteria (Manyi-Loh et al., 2018).Therefore, the use of AGPs has been
banned in many countries.

Since January 2018, the use of AGPs in poultry diets has been effectively prohibited by the
government of Indonesia. The regulation of the Minister of Agriculture of the Republic of Indonesia
(number 14/PERMENTAN/PK.350/5/2017) concerning the classification of animal drugs as referred to
in Article 16 (1a, b and 2) states that every person is prohibited from using feed ingredients mixed with
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certain hormones or antibiotics as feed additives. Therefore, it is necessary to develop an alternative
approach using other materials with functions similar to AGPs that is safe and healthy for the livestock
and consumers.

Many bioactive plants have been developed to replace antibiotics. Phyllanthus niruri L. is
reported to contain flavonoids, lignans, tannins, coumarins, terpenes, phenylpropanoids, and saponins
and has been used as a medicinal herb (Bagalkotkar et al., 2006; Rusmana et al., 2017). The most
dominant bioactive compounds in Phyllanthus sp. are hypophyllanthin, catechin, epicatechin, rutin, and
quercetin, and chlorogenic, ellagic, caffeic acid, malic, and gallic acids (Mediani et al., 2017). These
compounds have been reported to have antibacterial properties (Mujeeb et al., 2014). An in vitro study
showed that the combination of P. niruri L. extract, Anacardium occidentale shell liquid smoke, and
Syzygium aromaticum leaf extract could inhibit the growth of E. coli and Salmonella sp. (Pasaribu et al.,
2018). Phyllanthus niruri L. extract inhibited the growth of E. coli, which was indicated by a clear zone
at 19.3 mm (Lestariningsih et al., 2015a). Phyllanthus niruri L. powder at a level of 1.2% can minimize
E. coli in the broiler intestine (Lestariningsih et al., 2015b). It was also reported that 65% P. niruri L.
extract at a dose of 1 ml/kg body weight (BW), administered orally for 7 days reduced white blood cells
(WBCs) in chickens infected with Mycoplasma gallisepticum (Hidanah et al., 2018). Further, 1% of P.
niruri L. crude powder could improve the BW of broilers (Jagadeeswaran & Selvasubramanian, 2014).
Sundaresan et al. (2007) reported that 1% of P. niruri L. powder added to chicken rations containing
aflatoxins B1 (100 ppb) showed better performance than chickens without the 1% P. niruri L. powder.
Phyllanthus niruri L. extract at a concentration of 65% at a dose of 1 ml/lkg BW decreased the total
number of WBCs in broilers infected with M. gallisepticum bacteria (Hidanah et al., 2018). The
administration of 10 g/kg Phyllanthus amarus powder to chickens not infected with bacteria decreased
the number of leucocytes (WBCs) but increased the red blood cell (RBC) count (Unigwe et al., 2020).
Thanabal et al. (2020) reported that the addition of 1% P. niruri L. powder to guinea fowl did not affect
the number of WBCs and RBCs.

Information on the effect of P. niruri L. powder on the intestinal morphology of chickens is still
limited, but the treatment of Wistar rats with P. amarus at a dose of 400-800 mg/kg BW caused some
distortion and signs of inflammation in gastric and duodenal epithelial cells (Adjene et al., 2011).
However, the administration of P. niruri L. powder up to a dose of 0.05% of the ration did not affect the
weight and length of the intestine (Pasaribu et al., 2021). Therefore, the current study was conducted
to evaluate the effect of P. niruri L. powder supplementation on the productivity, haematological profile,
and changes in intestinal morphology in broilers.

Materials and Methods

The use of animals in this study was approved by the Indonesian Center for Animal Research
and Developmental Experimental Animal Welfare Commission, Indonesian Agency for Agricultural
Research and Development: Animal Welfare and Experiments (No. 1806.107.001.052/L-2/APBN
2016). The P. niruri L. plants were collected from North Bogor, West Java, Indonesia. The plants were
first dried in an oven at 60 °C for 4-5 days; then, the dried plants were ground and filtered using a 60-
mesh sieve to obtain 250 pm of P. niruri L. powder (meniran powder, MeP), with a moisture content of
3.94%.

This biological study was carried out for 28 days and was a completely randomized design. A
total of 200 female, one-day-old broiler chickens of Ross MB 202 RSX (yellowish white feathers, single
comb, and yellow legs) were allocated to five treatments randomly, with four replications (10 birds per
replicate). The five treatment groups consisted of T1: control/without antibiotic and MeP; T2: Zn-
bacitracin 0.05%; T3: MeP 0.02%; T4: MeP 0.03%; and T5: MeP 0.05%. Zn-bacitracin treatment was
administered by mixing it in the ration of the chickens. The method was that Zn-bacitracin was mixed
into 500 g of feed ingredients and stirred until homogeneous; this mixture was named X. After it was
homogeneous, X was then mixed into 1 kg of ration and stirred again until homogeneous; this was
named Y. Finally, Y was mixed into the basal diets until homogeneous, and ready to be used as T2
treatment. In this way, animal welfare was maintained even in different phases of growth. The animals
were reared in a deep-litter poultry house. The animal house was cleaned and disinfected before use.
Drinking water and feed were provided ad libitum throughout the experimental period. Parameters of
BW gain and feed consumption were recorded weekly. Animals that were found dead were recorded
and were necropsied immediately to observe pathological changes and to determine the cause of death.

The composition and chemical analyses of the basal diet are presented in Table 1, and the
chemical composition of MeP is presented in Table 2.

Blood was collected randomly at the end of the trial from two birds in each replication with an
equal BW (eight birds per treatment) for haematological analyses, including RBC count, packed cell
volume (PCV), and WBC count, following the method described by Dutta et al. (2013); and haemoglobin
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concentration, using the Sahli method (Patil, 2013). Differentiation of WBCs was also conducted for
lymphocytes, monocytes, heterophils, eosinophils, and basophils (Gandasoebrata, 2010). The blood
was collected from the auricularis vein using 1 ml syringes and 26G x 1/2” needles. The blood was
immediately transferred into a test tube containing EDTA for further analysis.

Necropsies of birds were conducted at the end of the trial after they were sacrificed by
exsanguination at both large blood vessels for pathological examination. Intestinal tracts were collected
for microscopic examinations and fixed in 10% buffered neutral formalin. The tissues of the duodenum,
jejunum, and ileum were stained using hematoxylin and eosin and examined under a light microscope
following the method described by Henwood (2017).

All data were analysed using analysis of variance (ANOVA) in a completely randomized design
with SAS (version 9.1. SAS Institute Inc., Cary). When the ANOVA was significant, the means were
separated using Duncan’s multiple range test at a = 0.05.

Table 1 Ingredients and chemical composition of basal diet (as-fed basis)

Ingredients Amount (%)
Maize 52.73
Meat bone meal 6.0
Soybean meal 29.65
Rice bran 7.81
Crude palm oil 2.0
Dicalcium phosphate 0.3
Limestone 0.16
Sodium bicarbonate 0.1
DL-Methionine 0.42
Lysine 0.36
Threonine 0.09
Salt 0.2
Vitamin mix* 0.03
Mineral mix™ 0.05
Choline chloride 0.1
Total 100
Chemical composition

Dry matter (g/100 g) 88.75
Protein (g/100 g) 24.19
Fat (g/100 g) 5.51
Gross energy (kcal/kg) 4032
Crude fibre (g/100 g) 3.37
Ash (g/100 g) 5.38
Calcium (g/100 g) 0.90
Phosphoroustotal (9/100 g) 0.62
Phosphorusavailable 0.30

*Vitamin mix HC: A, D3, E, K3, B1, B2, B6, B12, niacin, D-pantothenic acid, folic acid, biotin, C, phytase, and antioxidants
**Mineral mix HC: Fe, copper, Mn, Co, and |

Table 2 Chemical composition of Phyllanthus niruri L. powder

Dry matter (g/100 g) 96.06
Protein (g/100 g) 28.58
Fat (9/100 g) 6.11
Gross energy (kcal/kg) 4152
Crude fibre (9/100 g) 9.67
Ash (g/100 g) 11.56
Calcium (g/100 g) 1.90

Phosphorus (g/100 g) 0.34
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Results and Discussion

MeP supplementation at a level of 0.02—-0.05% in broiler chickens did not affect (P >0.05) their
BW compared to the control and Zn-bacitracin groups (Table 3). The greatest weight gain was seen in
the Zn-bacitracin group, whereas the highest feed intake and feed conversion ratio (FCR) were in the
MeP 0.02% group (T3). It is speculated that the bioactive compounds hypophyllanthin, catechin,
epicatechin, rutin, quercetin, and chlorogenic, ellagic, caffeic, malic, and gallic acids in 0.05% MeP
improved performance. This means that the provision of up to 0.05% MeP to broilers has no negative
effect. Jagadeeswaran & Selvasubramanian (2014) reported that P. niruri at a dose of 1% could improve
the broiler’s performance. Phyllanthus amarus powder (0.25-1.5%) did not substantially affect growth
performance (Phuong & Thie, 2012). The mixture of P. niruri and garlic encapsulated at a dose of 0.8%
improved the performance of broilers (Natsir et al., 2013). Phyllanthus niruri extract singly inhibited the
growth of E. coli, with an inhibition zone of a diameter of 19.3 mm in vitro (Lestariningsih et al., 2015a).
The combination of P. niruri extract, A. occidentale shell liqguid smoke, and S. aromaticum leaf extract
inhibited the growth of E. coli and Salmonella sp. in vitro (Pasaribu et al., 2018). The effect of P. niruri
at a level of 1.2% inhibited the growth of E. coli in the broiler intestine (Lestariningsih et al., 2015b).
Escherichia coli and the host compete to absorb nutrients in the intestine, thus, the E. coli population
must be eliminated so that the absorption of nutrients can be maximized by the host. The decline in the
population of pathogenic bacteria in the gastrointestinal tract provides opportunities for gut walls to
absorb nutrients, conferring a more positive impact on the performance of chickens. This indicates that
a dose of up to 0.05% MeP is safe to use as a natural feed additive for broilers. Another study reported
that the supplementation of pine needles and vitamin E powder in feed improved the performance of
female Japanese quail (Khan et al., 2019) but Pinus ponderosa leaf supplementation in Japanese qualil
feed did not affect performance (Shah et al., 2019). This indicates that not all plant bioactive substances
can improve performance. Supplementation of glutamine and glucose in chickens under heat stress
markedly improved the pectoralis major muscle of broilers, which had a positive impact on body weight
gain (Hu et al., 2016). The provision of vitamin E at 100 mg/kg of feed did not affect the performance of
Japanese quails reared under low ambient temperatures but was still better than a dose of 150 mg/kg
(Shah et al., 2016).

Table 3 Effects of MeP on body weight, feed intake, and feed conversion ratio of broilers

T1 T2 T3 T4 T5 P-value
IW (g/bird) 45.0 +0.18 45.1 +0.10 45.2 +0.25 44.7 +0.14 445 +0.11 0.07
BW (g/bird) 652.1+31.18 676.7+44.58 640.3+5.80 648.3+2151 638.8+17.19  0.87
FI (g/bird) 1%%%* 1005.9 +52.34 918+ 12.24 1010.5+21.18 1027.8+47.15  0.13
FCR (g/9) 1.635+0.06  1.491+0.03 1.434+0.01 1562+0.04  1.615+0.10 0.12
Mortality (%) 0.5 0.5 0.5 0.5 0.5

IW: initial weight; BW: body weight); Fl: feed intake; FCR: feed conversion ratio. Values are expressed as the mean
+ standard error of the mean (SEM; n = 4 per treatment and 10 birds per replication)

The feed intake of broilers was similar (P >0.05) among the control, Zn-bacitracin, and MeP (0.02—
0.05%) supplementation groups (Table 3). This indicated that the addition of up to 0.05% MeP did not
affect the feed intake, as well as the palatability. Palatability in cattle depends on the response to the
sense of taste and the nervous system of the brain. In poultry, the number of taste receptors is less
than that in mammals (Lamichhane et al., 2018), and feed rejection occurs only when spoilage or
damage occurs. The addition of the 0.05% MeP dose did not affect the palatability of chickens.

There were no differences in MeP supplementation at doses of 0.02%, 0.03%, and 0.05%
compared to the control and Zn-bacitracin supplementation in the FCR of broilers (P >0.05) (Table 3).
Although not statistically different (P >0.05), a dose of 0.02% MeP (T3) showed an improvement in feed
conversion of up to 4% compared to the control. When compared to the Zn-bacitracin-supplemented
broilers (T2), the FCR in the birds in the T3 group improved feed conversion by 14%, in T4 by ~4.7%,
and T5 by ~1.2%. Zn-bacitracin is included as an AGP in small amounts to improve feed efficiency,
growth, and animal health (Danzeisen et al., 2011). The 0.02% MeP supplementation supported a better
feed efficiency than the control and the Zn-bacitracin groups. As a feed additive for broiler growth, the
MeP dose was less (0.02%) than the Zn-bacitracin supplementation (0.05%). Reduced pathogenic
microbes in the intestine enable the host to increase nutrient absorption in the intestine, resulting in
increased growth. MeP at a dose of 0.02% resulted in a better effect on feed conversion than the
supplementation of the antibiotic, Zn-bacitracin, indicating that MeP can replace Zn-bacitracin
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supplementation. Feeding chickens with 1% of P. niruri L. for four weeks showed a better FCR than the
negative control ration (Jagadeeswaran & Selvasubramanian, 2014).

Although MeP supplementation at doses of 0.02-0.05% did not affect (P >0.05) the BW and
FCR compared to the control and Zn-bacitracin groups, its use at those doses is still beneficial to poultry
farmers because it could be used as a natural feed additive to prevent the growth of Eimeria tenella
parasites. Intestinal histopathological test results proved that coccidia was found only in the control and
Zn-bacitracin treatment groups, but not in groups supplemented with MeP at doses of 0.02%, 0.03%,
and 0.05%. Khan et al. (2022) reported that the dosage of fennel seed in broiler feed was variable.
Similarly, supplementation with MeP still needs additional research because of the variable dosage.
Improved growth performance and feed conversion ratio can be obtained by supplementing sodium
diacetate with up to 0.03-0.05% in the diet (Wen et al., 2017). However, referring to the current study
and others (Sundaresan et al., 2007; Jagadeeswaran & Selvasubramanian, 2014), to increase BW and
feed efficiency, not more than 1% of MeP supplementation is recommended. Histopathological pictures
of the intestine, liver, and kidneys should be reviewed for animal welfare purposes.

Five of the 200 broilers died during this study (2.5%). Mortality occurred in the first 7 days, but
from day 8 to the end of the study, no mortality occurred. The mortality was still below the standard
(3%).

The erythrocyte, eosinophil, heterophil, lymphocyte, monocyte, and haematocrit values did not
differ (P > 0.05) among the MeP doses of 0.02%, 0.03%, and 0.05% compared to the control and Zn-
bacitracin supplementation (Table 4). Basophils were not detected because there were very few in the
blood. The number of erythrocytes was 2.8863-3.0663 x 10%/mm? in this study at MeP doses of 0.2—
0.5%. The MeP treatments at 0.02% and 0.03% tended to increase the number of erythrocytes; it is
assumed that at these doses, the content of the MeP bioactive substances supports the formation of
erythrocytes. The erythrocyte count decreased slightly at 0.05% MeP, which indicates that a high MeP
dose does not support erythrocyte formation. Although it decreased slightly, the numbers were still
within the normal limits of erythrocytes in broilers, at 2.3-3.5 x 108/mm?® (Wakenell, 2010). Phyllanthin,
as the dominant bioactive substance in P. niruri L., does not affect the number of erythrocytes. This
indicates that MeP up to a dose of 0.05% in the rations does not have a negative effect on erythrocyte
production. Several factors that affect the RBC count in chickens include age, sex, and nutritional status
(Elagib et al., 2011). Another factor that affects the number of erythrocytes is active compounds, such
as saponins, tannins, and flavonoids, at high concentrations (Nijveldt et al., 2001).

Haemoglobin and haematocrit (PCV) values were not affected by MeP supplementation up to
a dose of 0.05% in chicken rations. At this MeP dose, the amount of haemoglobin was between 11.38%
and 11.71% and the PCV was between 29.94% and 30.30%. Normal haemoglobin levels in chickens
are 7.0-13.0% (Wakenell, 2010), and the normal PCV range in chickens is between 24% and 43%
(Samour, 2006). Thus, the haemoglobin and haematocrit values (PCV) were within the normal ranges.

The number of WBCs in the 0.03% and 0.05% MeP treatment groups was lower than the
numbers in the other treatments (P <0.05). This indicates that a dose of MeP of 0.03% and 0.05%
affects the number of WBCs. The difference (P <0.05) between the MeP (0.03% and 0.05%) and Zn-
bacitracin treatments indicates that the higher the dose of bioactive substances, the more the leukocyte
countisinfluenced. Asare et al. (2011) reported that the administration of an aqueous extract of meniran
at a dose of 2000 mg/Kkg in rats through drinking water also reduced the number of WBCs compared to
controls. The normal levels of WBCs in rats range from 6—40 x 103/mm?®(Smith & Mangkoewidjo, 1988).
Although the WBC numbers in the 0.03% and 0.05% MeP treatment groups were low, they were still
within the normal limits. The number of WBCs is influenced by sex, environment, drugs, presence of
disease or inflammation, environment, age, and nutritional content of the feed (Suriansyah et al., 2016).
Phyllanthus buxifolius leaf powder supplementation in the rations of quail reduced WBCs (Wardah et
al., 2017). Phyllanthus niruri extract lowered the number of WBCs in chickens infected with M.
gallisepticum (Hidanah et al., 2018). Bioactive substances of Sapindus rarak also reduced the number
of WBCs (Pasaribu et al., 2015). The bioactive substance in rosemary, rosmarinic acid, which was
supplemented in broiler diets, could interact and modulate the humoral immunity of broilers (Rostami et
al., 2017). Elnaggar et al. (2016) reported that rosemary markedly increased the white blood cell count.
This indicates that bioactive substances from plants affect the number of WBCs in chicken blood.
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Table 4 Effects of MeP on hematologic profiles of broilers

Variables T1 T2 T3 T4 T5 P-value
Erythrocytes (106/mm?) 3.00 £ 0.09 2.78+0.15 3.07+0.19 3.01+0.12 2.89+0.19 0.6869
Haemoglobin (%) 12.09 £ 0.6 10.68 £ 0.6 11.71+0.3 11.38+ 0.6 11.54 £ 0.5 0.4036
Packed cell volume (%) 31.35+1.1 28.50 + 0.8 30.30+ 1.0 30.14+15 29.94+15 0.5963
Leukocytes (10%/mm?3) 10.18 £ 1.22 9.10+0.8® 9.53+1.0% 7.10+ 0.7 6.20 + 1.0° 0.0247
Lymphocytes (%) 52.13+5.8 4725+ 3.3 47.00+ 4.5 54.00 £ 3.5 59.00 £ 4.2 0.2804
Heterophils (%) 41.25+6.0 4488 +4.2 48.50 + 4.8 41.63+3.8 32.75+4.7 0.2212
Monocytes (%) 563+1.3 6.75+1.1 3.88+0.8 3.88+0.5 6.75+0.8 0.0942
Eosinophils (%) 1.000 £ 0.6 1.125+ 0.3 0.750 £ 0.5 0.500 + 0.0 1.375+£ 0.6 0.6226
Basophils (%) ubD ub ub ub ubD

abc Means with different superscripts in the same row differ significantly (P <0.05); UD: undetected.
Values are expressed as the mean + SEM (n = 8 per group).

Leukocyte differentiation was not different between the control, Zn-bacitracin, and MeP
treatment groups, but overall levels were increased compared to the normal levels (P >0.05) (Table 4).
Differences in the leukocyte values are due to several factors, including sex, environment, drugs,
presence of disease or inflammation, environment, age, and nutritional content of the feed (Samour,
2006; Suriansyah et al., 2016). Agranulocyte lymphocytes form the highest component of WBCs in
poultry blood (Sturkie & Grimminger, 1976; Samour, 2006). Lymphocytes, heterophils, monocytes,
eosinophils, and basophils play a role in recognizing the microbes in immune reactions and help the
inflammation and healing processes (Guyton & Hall, 2013). The main function of lymphocytes is to form
antibodies in response to the presence of antigens (foreign objects). The lymphocytes produced in the
thymus increase rapidly when foreign antigens enter the body (Tizard, 2017). MeP extract at a
concentration of 30% reduced the number of lymphocytes in the blood of broiler chickens infected with
the enterotoxin, E. coli (Wahjuni et al., 2017).

In the current study, MeP up to a dose of 0.05% and Zn-bacitracin treatment did not impact the
number of lymphocytes and monocytes (P >0.05). This showed that MeP did not affect lymphocyte
production, so it is safe for use in chickens. Monocytes obtained the same result: MeP did not affect the
action of monoblasts for monocyte production. Arabinogalactan obtained from processed P. niruri L.
tea had immunological properties in rat peritoneal macrophages (Mellinger et al., 2008). Phyllanthus
niruri L. has immunomodulatory, antiviral, antibacterial, antihyperglycemic, and hepatoprotective
properties (Lee et al., 2016). MeP at low doses has the ability to stimulate the formation of antibodies
for adjuvant activity (Francis et al., 2002). The normal percentage of lymphocytes in chickens is ~34%
(Merck Veterinary Manual, 2011). The number of lymphocytes in the 0.05% MeP treatment was higher
than that in the 0.02% MeP treatment, whereas the 0.02% MeP treatment showed the same lymphocyte
number as the Zn-bacitracin treatment. Thus, the higher the MeP dose, the higher the lymphocyte
number.

The number of heterophils in the MeP treatment was similar to the Zn-bacitracin treatment (P
>0.05). The higher the MeP dose, the lower the heterophil number. Provision of up to 0.05% MeP
showed that the number of heterophils was 32.75-48.50%. The normal number of heterophils is 25—
30% of WBCs (Swenson, 1984; Hodges, 1997). This indicates that the bioactive substances in MeP
increase heterophil production in the broiler. The functions of heterophils include finding, digesting, and
eliminating foreign materials, and they are the first line of defence (Guyton & Hall, 2013). The eosinophil
number increases during parasitic infection; basophils are responsible for inflammation. If there is
inflammation, the basophil count increases. MeP at doses of 0.02%, 0.03%, and 0.05% did not induce
differences in monocytes and eosinophils from the control and Zn-bacitracin treatments (P >0.05).

Microscopic changes in the duodenum indicated an increase in the height of the epithelial cells
of the mucosal villi, followed by necrosis, haemorrhage, infiltration of mononuclear cells (mainly
lymphocytes and macrophages), and an increased number of goblet cells. The height of the mucosal
villi was increased in treatment T1 but not in treatments T2, T3, T4, and T5. Necrosis, haemorrhage,
and mononuclear cell infiltration (lymphocytes and macrophages) of mucosal villi were found in all
treatments, whereas coccidia were found only in T1 and T2 (Figures 1 and 2; Table 5), but not in T3,
T4, and T5 (Figures 3-5; Table 5). Numerous goblet cells were found in T2, T3, and T5.

Similar microscopic lesions were found in the jejunum, such as necrosis of the villi mucosa and
muscular layers, haemorrhage, infiltration of mononuclear cells (lymphocytes and macrophages), and
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goblet cells in all treatments (Figures 6—10; Table 5). Coccidial infection in the jejunum was found in T1
and T2.

Microscopic changes noted in the ileum consisted of necrosis of the villi mucosa and tunica
muscularis, haemorrhage, and infiltration of mononuclear cells (lymphocytes and macrophages) in all
treatments. The presence of necrosis, haemorrhage, and infiltration of mononuclear cells, particularly
lymphocytes and macrophages, may be due to an excessive growth of the mucosal villi; the epithelial
cells become vulnerable to digestive activities (Cooper et al., 2013). Goblet cells were found in T2, T3,
T4, and T5, whereas infiltration of neutrophils was seen only in T1. It appeared that the MeP
supplementation up to 0.05% may not only stimulate the increase in mucosal villi height but also causes
the epithelial cells of the villi mucosa to become vulnerable to digestive activities, particularly when the
height of the mucosal villi is over a certain limit. Therefore, necrosis, haemorrhage, and infiltration of
mononuclear cells were present in all treated animals. However, these microscopic changes should be
investigated further.

The presence of coccidiain T1 and T2 (Figures 1 and 2; Table 5) can be explained; the broiler
pens used in this study were used previously for an Eimeria sp. study. The residues of coccidia may
have been present in the pen as they can survive outside the host. However, the coccidia was not found
in T3, T4, and T5 (Figures 3-5; Table 5). Other infections, such as necrotic enteritis and coccidiosis,
may also be involved in these pathological changes as secondary infections. Coccidia were not
detected in chickens treated with MeP, indicating that the bioactive substance of phyllanthin in the MeP
diet may prevent and inhibit the development of coccidia in the intestinal tract.

Figure 1 Duodenum of T1. Enteritis parasiticus and Figure 2 Duodenum of T2. Enteritis parasiticus. 1.
haemorrhage. 1. Necrosis and infiltration of villi mucosal  Necrosis, haemorrhage, and mononuclear cell infiltration
mononuclear cells, 2. Haemorrhage, 3. Lieberkiihn's of mucosal villi, 2. Lieberkihn's glands, 3. Coccidia, and
glands, 4. Coccidia, and 5. Necrosis of the tunica 4. Necrosis of the tunica muscularis. HE x 100

100

ks Rt e REap Wt = . y, a4 “

Figure 3 Duodenum of T3. Haemorrhagic enteritis. Flgufe 4 Duodenum of T4. f—]éémorrhégAic enteritis.

1. Necrosis, haemorrhage, and mononuclear cell 1. Mononuclear cell necrosis and infiltration of the villi
infiltration of the villi mucosa and 2. Necrosis of the mucosa, 2. Mononuclear cell necrosis and infiltration of
tunica muscularis. HE x 100 the tunica muscularis, and 3. Lieberkihn's glands. HE x

100



Pasaribu et al., 2023. S. Afr. J. Anim. Sci. vol. 53 53

o R YT X ) LA PO e
Figure 5 Duodenum of T5. Enteritis 1. Mononuclear cell
necrosis and infiltration of the mucosal villi;

2. Mononuclear cell necrosis and infiltration of the tunica
muscularis, and 3. Lieberkihn's glands. HE x 200

3 o o R
b s

A

Figure 6 Jejunum of T1. Enteritis parasiticus. 1. Figure 7 Jejunum of T2. Enteritis parasiticus.
Haemorrhage and mononuclear cell infiltration in the villi 1. Necrosis, haemorrhage and mononuclear cell
mucosa, 2. Necrosis of the tunica muscularis, and 3. infiltration of the villi mucosa, 2. Necrosis of the tunica
Coccidia. HE x 200 muscularis, and 3. Coccidia. HE x100

Figure 8 Jejunum of T3. Ehtrii. 1. Necrosi and

v

Figure 9 Jejunum of T4. Haemorrhagic enteritis.
infiltration of mononuclear cells in the villi mucosa, 2. 1. Haemorrhage and mononuclear cell infiltration in the
Necrosis of the muscularis tunica, and 3. Lieberkihn's villi mucosa, and 2. Necrosis of the tunica muscularis.
glands. HE x 100

HE x 100
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Figure 10 Jejunum of 5. Enteritis.
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L

1. Necrosis,

haemorrhage, and mononuclear cell infiltration of the villi
mucosa, 2. Necrosis of the tunica muscularis, and 3.
Lieberkuhn's glands. HE x 100

Figure 11 lleum of T1. Haemorrhagic enteritis. 1.
Necrosis, haemorrhage, and mononuclear cell infiltration
of the villi mucosa, and 2. Necrosis of the tunica
muscularis. HE x 100

Figure 13 lleum of T3. Haemorrhagic enteritis. 1.
Necrosis, haemorrhage, and mononuclear cell infiltration
of the villi mucosa, 2. Necrosis of the tunica muscularis,
and 3. Lieberkiihn's glands. HE x 100

Figure 12 lleum of T2. Enteritis. 1. Necrosis,
haemorrhage, and mononuclear cell infiltration of villi
mucosa, 2. Necrosis of the muscularis tunica, 3.
Lieberkuhn's glands, and 4. Coccidia. HE x 100

: AN 0 5

Figure 14 lleum of T4. Haemorrhagic enteritis. 1.
Necrosis, haemorrhage, and mononuclear cell infiltration
of the villi mucosa, 2. Necrosis of the tunica muscularis,
and 3. Lieberkiihn's glands. HE x 100
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Fiéﬁre lleum of T5. Enteritis parasiticus. 1. Necrosis,
haemorrhage, and mononuclear cell infiltration of the villi
mucosa, and 2. Necrosis of the tunica muscularis. HE x
100
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Table 5 Histopathological changes of small intestines in chickens treated with MeP

Treat Intestine . .
Diagnosis
ments Duodenum Jejunum lleum

T1 Increased height of mucosal villi. Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Enteritis
Necrosis of mucosal villi and tunica muscularis, haemorrhage, infiltration of muscularis, haemorrhage, and infiltration of parasiticus and
muscularis, haemorrhage, infiltration of mononuclear cells (lymphocytes and mononuclear cells (lymphocytes and Haemorrhagic
mononuclear cells (lymphocytes and macrophages), and desquamation of macrophages) and neutrophils. enteritis
macrophages) and neutrophils, and mucosal epithelial cells, numerous
parasites (coccidia). goblet cells, and parasites (coccidia).

T2 Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Enteritis
muscularis, infiltration of mononuclear muscularis, dilation of submucosal muscularis, dilation of submucosal layer and  parasiticus and
cells (lymphocytes and macrophages) layer, numerous goblet cells, goblet cells, haemorrhage, mononuclear cell Haemorrhagic
and neutrophils, numerous goblet cells, haemorrhage, infiltration of infiltration (lymphocytes and macrophages), enteritis
haemorrhage and mononuclear cell mononuclear cells (lymphocytes and dilation of Lieberkiihn’s gland, and coccidia.
infiltration (lymphocytes and macrophages) and neutrophils and
macrophages), dilatation of Lieberkiihn’s haemorrhage, and coccidia.
glands, and presence of coccidia.

T3 Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Haemorrhagic
muscularis, infiltration of mononuclear muscularis, infiltration of mononuclear muscularis, mononuclear cell infiltration enteritis
cells (lymphocytes and macrophages) cells (lymphocytes and macrophages) (lymphocytes and macrophages), goblet
and neutrophils, goblet cells, and neutrophils, goblet cells, cells, haemorrhage, and Lieberkihn's gland
haemorrhage, and dilation of haemorrhage, and dilation of dilation.

Lieberkiihn’s glands. Lieberkihn’s glands.

T4 Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Necrosis of mucosal villi and tunica Haemorrhagic
muscularis, infiltration of mononuclear muscularis, infiltration of mononuclear muscularis, infiltration of mononuclear cells enteritis
cells (lymphocytes and macrophages), cells (lymphocytes and macrophages), (lymphocytes and macrophages),
haemorrhage, and dilation of haemorrhage, goblet cells, and dilation haemorrhage, dilated Lieberkiihn's glands,

Lieberkiihn's glands. of Lieberkiihn's glands. and goblet cells.
T5 Mucosal villi necrosis, mononuclear cell Mucosal villi necrosis, mononuclear cell  Necrosis of mucosal villi and tunica Haemorrhagic

infiltration (lymphocytes and
macrophages), haemorrhage, goblet
cells, and Lieberkihn's gland dilation.

infiltration (lymphocytes and
macrophages), and haemorrhage.

muscularis, mononuclear cell infiltration
(lymphocytes and macrophages) and
haemorrhage, and goblet cells.

enteritis
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Conclusion

Meniran (P. niruri L.) powder did not affect the performance and haematology profiles of the broilers,
except that the number of WBCs at 0.03% and 0.05% MeP was less than that in the control and Zn-bacitracin
groups. Microscopically, we showed that coccidial growth may be inhibited in the duodenum, jejunum, and
ileum.
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