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INTRODUCTION

Ascaridia galli (A. galli), a parasitic roundworm most 
frequently found in birds, can inflict economic loss 

by causing histopathology, such as intestinal epithelial 

degeneration and inflammatory cell infiltration in mucous, 
thus inhibiting proper nutrient absorption (Salam, 2015). 
The symptoms of heavy infection include retarded growth, 
emaciation, anorexia, anemia, diarrhea, dehydration, and 
decreases in body weight and egg production (Teixeira 
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et al., 2012; Cervantes-Rivera et al., 2016; Yusuf et al., 
2016). Synthetic anthelmintics are the main treatment for 
A. galli infection in native chickens, and A. galli infection 
is commonly treated using synthetic anthelmintics 
such as piperazine, ivermectin, and albendazole (Salam, 
2015; Abbas et al., 2016). These medicines, however, are 
costly, cause poultry meat to be contaminated with the 
carcinogenic drug residue and promote resistance to drugs 
if used long term. Thus, many innovative alternatives to 
anthelmintics have been found, such as plants containing 
tannin, which has been reported to have the ability to 
reduce the incidence of worm infestation.

One of the innovations that have been brought about by the 
discovery of new anthelmintics is the use of new biological 
sources to support business success by improving livestock 
performance. Many biological sources have been used by 
breeders and researchers to help improve the performance 
of their livestock. For example, alternative sustainable 
internal parasite infestation control has been achieved 
using plants containing antiparasitic agents, and the 
traditional use of plants for anthelmintic therapy is now a 
common practice in developing countries (Lalchhandama 
et al., 2009). One of the plants used for their anthelmintic 
properties, betel nut, belongs to the Aereaceae family and 
contains active substances such as flavonoids, tannins, 
saponins, monoterpenes, sesquiterpenes, phenols, quinines, 
and alkaloids (arecoline and arecaidine) (Amudhan et al., 
2012). The seeds are the parts of the betel plant that are 
widely studied (Prastowo et al., 2017; Balqis et al., 2017; 
Mubarokah et al., 2019), besides the roots (Baby and 
Raphael, 2014) and the stems (Adate et al., 2012). Betel 
nut is a plant that is widely available in Indonesia and 
has various benefits, such as being used as a construction 
material, a medicine, an economic commodity, and a craft 
material (Silalahi, 2020; Erwiyani et al., 2021). The goal 
of this study was to investigate the in vitro ovicidal and 
larvicidal activities of and ultrastructural changes caused by 
a crude aqueous extract of betel nut against A. galli.

MATERIALS AND METHODS

Preparation of A. catechu crude aqueous extract 
(AAE)
As in the study conducted by Daryatmo et al. (2010) to 
screen forages for anthelmintic activity, AAE was prepared 
by chopping up or slicing betel nut into small pieces. 
Different concentrations of AAE (10 g, 12.5 g, 15 g, 17.5 
g, 20 g, 22.5 g, and 25 g) were then prepared, and each was 
placed in a glass beaker with 100 mL water. The beakers 
were then placed in a 90oC oven and were kept there for 15 
min. The remaining liquid in each beaker was then filtered 
to obtain various AAE concentrations. 

Testing of ovicidal activity
Fifty female A. galli were obtained from the intestinal 
lumena of butchered free-range chickens obtained from 
local slaughterhouses in Yogyakarta, Indonesia. The live 
worms were immediately placed in beakers, and then 
a 0.62% saline water solution was added. All the female 
worms were collected, and each was cut along the dark–
light boundary of the posterior porous genitalis part. The 
uterus and eggs were removed by squeezing the worms’ 
bodies, which were later discarded. As in the study by 
Coles et al. (1992), an egg suspension (0.3 mL; 1,000 eggs) 
was distributed into 27 wells of a microtiter plate with 
various AAE concentrations (10%, 12.5%, 15%, 17.5%, 
20%, 22.5%, and 25%), along with the positive control 
(5% pyrantel pamoate) and the negative control (0.62% 
saline water). The eggs were then incubated at ambient 
temperature (27oC), and after 48 h, a drop of Lugol’s 
solution was added to each well. The live eggs absorbed the 
red color in their walls while the dead eggs did not. All the 
live eggs in each well were counted three times, and the 
numbers were recorded.

Testing of larvicidal activity 
The worm eggs were placed in a glass beaker containing 
50 mL 0.5 NaOH. The eggs were embryonized using 
the modified Fairbairn method (Maclnnis and Marietta, 
1970). The centrifuged eggs were placed in an Erlenmeyer 
flask containing 150 ml distilled water. An oxygenator 
pump was inserted into the flask, the flask was plugged 
with cotton, and then the oxygenator pump was turned 
on. The larvicidal test consisted of two tests: the larvicidal 
test of the eggs containing embryos and the larvicidal 
test of the L2 larvae. Each test consisted of nine samples 
(positive control, negative control, and seven different 
AAE concentrations) containing 100 embryonic eggs 
and L2 larvae, respectively. For the first test, the eggs 
were maintained at ambient temperature until they came 
to contain embryos. The suspension containing hatched 
eggs and larvae was used for the second test. Various AAE 
concentrations were then added to the eggs containing 
embryos and to the L2 larvae for 48 h, and then the dead 
and the live larvae were counted. Both tests were repeated 
three times.

Scanning electron microscopy (SEM)
Following the in vitro testing of the eggs and L2 larvae in 
various AAE concentrations, the specimens with the lowest 
AAE concentration (10%) and the highest concentration 
(25%), and the positive and negative controls, were fixed 
and examined via SEM. The fixation method consisted of 
rinsing in cacodylate buffer for 2 h, pre-fixation in 2.5% 
glutaraldehyde for 48 h, and fixation in 2% tannin acid. The 
specimens were washed four times with cacodylate buffer 
and distilled water. Finally, the specimens were dehydrated 
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in a series of ascending alcohols, followed by drying in 
tertiary butanol. The dried specimens were coated with 
copper ( JEOL JEC-3000FC/Auto Fine Coater) for 15 
min.

Statistical analysis
The data regarding the ovicidal and larvicidal activities of 
various AAE concentrations were analyzed using analysis 
of variance. If there were significant differences, the analysis 
was continued using Tukey’s test and Statistical Package 
for the Social Sciences (SPSS) 7.0 for MS Windows. The 
SEM results were descriptively analyzed. 

RESULTS AND DISCUSSION

The ovicidal and larvicidal activities of AAE are summarized 
in Table 1. All the AAE concentrations showed ovicidal 
activity, but 10% AAE did not show any larvicidal activity. 
The 25% AAE concentration exhibited the most intense 
ovicidal and larvicidal activities, significantly differing 
(p < 0.05) from those of the negative control, while the 
ovicidal and larvicidal activities of 10% AAE were the least 
intense in all the parameters. The most intense ovicidal and 
larvicidal activities were found in 25% AAE, greater than 
the ovicidal and larvicidal activities of the positive control 
(5% pyrantel pamoate).

Table 1: Impact of the ovicidal and larvicidal activities of 
Areca catechu crude aqueous extract (AAE) on A. galli.
Treat-
ments (%)

Ovicidal 
activity

Larvicidal activity 
of eggs containing 
embryos

Larvicidal (l2) 
activity

AAE 10 3.20 ± 1.84a 0.73 ± 0.75a 0.00 ± 0.00a

AAE 12.5 16 ± 6.04b 9.83 ± 6.04b 20.00 ± 20.00a

AAE 15 49.26 ± 4.10c 44.13 ± 4.84c 20.00 ± 20.00a

AAE 17.5 80.73 ± 1.29d 75.53 ± 0.83d 60.00 ± 20.00b

AAE 20 81.76 ± 0.47d 82.53 ± 0.67e 80.00 ± 20.00b

AAE 22.5 91.90 ± 0.36e 85.50 ± 2.69e 80.00 ± 20.00b

AAE 25 97.16 ± 0.25f 93.70 ± 1.40f 100.00 ± 5.67c

Pyrantel 
pamoate 

96.56 ± 0.71f 93.43 ± 0.75f 100.00 ± 0.00c

Distilled 
water 

0 ± 0.00a 0 ± 0.00a 0 ± 0.00a

a, b, c, d, e, f the different superscripts in the same column were 
indicative of significant differences (P<0.05). The same 
superscripts in the same column were indicative of the absence of 
significant difference. AAE = Areca catechu crude aqueous extract. 
A. galli = Ascaridia galli.

The death of the eggs and larvae of A. galli in this study 
was considered the result of the presence of secondary 
compounds, especially tannin and saponin in AAE. In the 
study by Eguale et al. (2011), plants containing alkaloid, 

flavonoid, saponin, steroid, anthraquinone, and tannin 
were able to hamper embryonization and the egg-hatching 
process and cause the death of larvae through hot-water and 
methanol extraction. Wetwitayaklung et al. (2006) reported 
that the percentage of tannins from the water extract of 
8-month-old A. catechu seeds in their study was 31.56%, 
and the percentage of total phenols was 38.59 g/100 g.

The larvicidal activity of AAE resulted from its tannin 
content. In the study by Sharma et al. (2010), tannin was able 
to hamper the formation of energy in worms by impeding 
the oxidative phosphorylation process. The antiparasitic 
activity of the condensed tannin was related to its capacity 
to bind to the cellular-membrane proteins. The binding of 
the proteins decreased the number of proteins available for 
the larvae, which subsequently resulted in the starvation 
and death of the larvae (Athanasiadou et al., 2001).

Tanniferous plants such as Meliaceae have been studied 
by Hammond et al. (1997) and have been proven to 
have the ability to hamper larvae growth (69%). At high 
concentrations, the extracts of tanniferous plants were able 
to significantly hamper the development of the L1 and L2 
larvae.

The eggs, larvae, and adult worms of A. galli that were 
alive and that were dead after the treatment are illustrated 
in Figure 1. The eggs and larvae that were alive after the 
treatment absorbed Lugol’s solution (became red in color) 
while the eggs and larvae that died from the treatment did 
not absorb the said solution (remained transparent). The 
dead adult worms looked pale and stiff.

Figure 1: Ovicidal and larvicidal activities of Areca catechu 
crude aqueous extract (AAE).
(a) The dead eggs (black arrow) and the surviving eggs 
(white arrow), (b) The dead eggs with hampered embryo 
formation (black arrow) and the eggs containing the 
surviving embryo (white arrow), (c) The dead larvae, (d) 
The surviving larvae.
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The ultrastructures of the eggs and the L2 larvae at each 
AAE concentration can be seen in Figures 2 and 3, 
respectively. Damage occurred to the eggs’ walls and also 
within the eggs. The walls became rough, shrunk, and 
ruptured, and the contents of the egg got dissolved. The 
larvae’s SEM results showed no change in the negative 
control or at 10% AAE; however, at 25% AAE and in the 
positive control, the transverse grooves that normally cover 
the cuticles of A. galli were no longer observed.

Figure 2: Egg ultrastructure ovicidal test results.
(a) Negative control. (b) 10% concentration: normal. (c1) 
25% concentration: dotted egg wall surface (yellow arrow), 
shrinking egg wall (blue arrow). (c2) 25% concentration: 
ruptured egg wall (yellow arrow). (d1) Positive control: 
rough egg wall surface (yellow arrow), shrinking egg wall 
(blue arrow). (d2) Positive control: contracting egg wall 
(yellow arrows), ruptured egg wall losing its contents (blue 
arrow).

According to Adamczyk et al. (2010), even small amounts 
of tannin will bond with chitin and will form deposits. 
Christenson et al. (1942) reported that the eggs of A. galli 
have three layers: The vitelline membrane or internal lipoid, 
the true chorion, and the cuticle shell (chitinoid), which 
are relatively thick and contain thin proteinases; therefore, 
it can be deduced that tannin will damage the egg’s shell by 
forming tannin or tannin-protein complexes. In the study 
by Kamel et al. (2017), the damages to the tegument in 
both adult and young Schistosoma mansoni worms included 
erosion and the peeling of the tegument itself. 

Figure 3: Larvae ultrastructure larvicidal test results.
(a) Negative control and (b) 10% concentration: normal. 
(c1) 25% concentration: the teguments of the anterior 
larvae shrink. (c2, c3) 25% concentration: the cuticle 
rupture/peel (arrow). (d1) Positive control: the anterior 
parts of the larvae begin to peel off. (d2, d3) Positive 
control: the cuticle rupture/peel (arrow).

Tannin (in condensed form) contains proline-rich protein, 
which is known to form the structure of the nematode 
cuticle (Hoste et al., 2006). Tannin can be proposed as a 
nematode control mechanism, thus blocking the parasite’s 
physiological processes. Also, tannin can modify the host 
immune responses to eliminate infective larvae and adult 
worms (Zhong et al., 2014). Finally, tannin can interact 
with multiple lipid layers by binding to the cholesterol that 
may be found in the cuticles of several nematodes. The 
primary interaction of condensed tannin may take place 
along the cuticle lines through the insertion of condensed 
tannin into the lipid layer (glycosylation). The secondary 
interaction, which is with the collagen proline-rich layer, 
will result in the further interference of the hypodermal 
cells (Ropiak et al., 2016).

Saponin was reported to have a nematicidal content that 
could interact with the cellular membranes and cause 
changes in cellular wall permeability (Ademola and Eloff, 
2010). Saponin and tannin were also reported to interact 
with the collagen proteins of the nematode cuticle, and the 
interaction might have a nematotoxic effect (Argentieri et 
al., 2008).

As with tannin and saponin, anthraquinones and 
flavonoids may also be related to anthelmintic activity. 
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Several anthraquinones were successfully tested against 
Brugia malayi and Schistosoma mansoni (Dhanajeyan et al., 
2005). Novel anthraquiones (1a–1k) had intense larvicidal 
activities against Culex quinquefasciatus compared to the 
standard permethrin (Selvaraj et al., 2021). According 
to Romero et al. (2020), glycosylated flavonoids and 
methoxyphenol are compounds with anthelmintic effects. 
The flavonoid fraction of A. sisalana inhibited the egg 
hatching of gastrointestinal nematodes by inhibiting the 
activity of enzymes and/or the metabolic processes of 
parasites (Botura et al., 2013).

CONCLUSIONS AND 
RECOMMENDATIONS

On the basis of the results of this study, it can be concluded 
that AAE has ovicidal and larvicidal activities against the 
parasitic worm A. galli. The SEM results showed shrinkages, 
ruptures, and general damages on the surfaces of the egg 
walls. The anterior teguments of the L2 larvae shrank and 
the cuticles got ruptured at 25% AAE. The most intense 
ovicidal and larvicidal activities of AAE took place at the 
25% concentration. 
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