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ABSTRACT

Gastrointestinal nematodes (GIN) significantly affect goats’ productivity, and thus farmers carry out regular
deworming to manage the infections. The emergence of anthelmintic resistance and the high cost of current drugs
call for the development of alternatives, including medicinal plant extracts. The current study aimed to assess the
anthelmintic efficacy of chitosan encapsulated bromelain (EB) against a selected range of GIN affecting goats in
Kenya. Bromelain was extracted using standard laboratory methods from peels of ripe pineapples and thereafter
encapsulated with chitosan. The GIN eggs were isolated from goat feces using the flotation method and were then
subjected to PCR to identify the species. Adult worms were collected from the gastrointestinal tract of goats
slaughtered at the nearby Ruiru abattoir. The PCR showed the extracted strongyle eggs consisted of 7 species of
nematodes, including Haemonchus contortus, Oesophagostomum spp., Nematodirus filicollis, Ostertagia ostertagi,
Trichostrongylus vitrinus, Trichostrongylus colubriformis, and Trichostrongylus axei. The in vitro assays showed
that chitosan EB had an 1Csq of 0.184 mg/mL, 0.116 mg/mL, and 0.141 mg/mL for the egg hatch inhibition, larval,
and adult mortality assays, respectively. In all the assays, EB indicated better activity than non-encapsulated
bromelain. The EB affected the eggs and worms through softening and embrittling the cuticle and shell as well as
damaging the blastomeres and causing the death of the growing embryo. According to the results of the current
study, EB has high anthelmintic activity on a large range of GIN and has the potential to contribute to the
management of these parasites of small ruminants.
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INTRODUCTION

In Africa, helminth infections in livestock are of major importance and a primary factor in the reducing productivity of
goats (Nginyi et al., 2001; Maichomo et al., 2004). Among these helminths, gastrointestinal nematode (GIN) infections
cause suppression of weight gain, reduction of reproductive efficiency, and high mortality, especially in kids (Lashari
and Tasawar, 2011; Nsereko et al., 2016). In Kenya, the most common GIN affecting small ruminants are Haemonchus
spp., Trichostrongylus spp., Oesophagostomum spp., Ostertagia spp., Nematodirus spp., and Cooperia spp. (Munyua et
al., 1997; Maichomo et al., 2004; Waruru et al., 2005).

Consequently, the GIN of livestock is controlled mainly through aggressive anthelmintic treatment. Even with
regular strategic control, treatments are expensive amongst resource-poor farmers and sometimes partially effective for
some species of nematodes. In addition, the excessive and frequent usage of anthelmintics has resulted in the
development of resistance amongst nematode populations, especially in the tropics (Roeber et al., 2013; Mickiewicz et
al., 2021). Thus, there has been an increased focus on the development of new drugs with different modes of action
(Buttle et al., 2011). The use of plant extracts has emerged as a possible sustainable, environmentally acceptable method
of nematode control (Hunduza et al., 2020) because natural plant-derived products have long been known to possess
anthelmintic properties (Gradé et al., 2008). One such group of potential anthelmintics is the cysteine proteinases found
in fruits plants, such as pineapples (Ananas comosus) and papaya (Buttle et al., 2011; Misran et al., 2019).

In recent years, bromelain, a pineapple proteolytic enzyme, has been shown high activity against Haemonchus
contortus (Amini et al., 2016; Hunduza et al., 2020; Wasso et al., 2020). However, its effect against other GIN
infections, such as those caused by Trichostrongylus spp., Oesophagostomum spp., Ostertagia spp., and Nematodirus
spp., has not been well investigated. One of the main challenges of oral bromelain is to maintain stability within the
gastrointestinal system of animals. Recent studies have shown that the encapsulation of bromelain with chitosan can
stabilize and maintain the activity of bromelain throughout the gut (Wasso et al., 2020). The objective of the present
study was to evaluate the in vitro anthelmintics activity of encapsulated bromelain (EB) against multiple GIN affecting
goats, with a view of developing a novel drug for the management of nematodes in goats.
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MATERIALS AND METHODS

Ethical approval

Procedures involving sample collection from animals’ rectum for this study were approved and conducted
according to the guidelines of Institutional Research and Ethics Committee of Jomo Kenyatta University of Agriculture
and Technology, Nairobi, Kenya.

Extraction and encapsulation of bromelain in chitosan

Bromelain was extracted from peels of pineapple (Ananas comosus) sold at the local Juja market in Kenya. The
enzyme was extracted using the procedure described by Hunduza et al. (2020). Briefly, fresh ripe pineapple was
grounded and blended in sodium acetate buffer (pH 7.4). Then, crude extract obtained was precipitated by adding 40%
ammonium sulphate after sieved. The purification of extracted bromelain was done using dialysis membrane (12 kDa).
The ionic gelation method was used to encapsulate bromelain into chitosan (Sigma Aldrich, USA). The pellet obtained
after encapsulation was frozen at -60°C and placed in the freeze-dryer (MRC, Model FDL-10N-50-BA, equipment
manufacturer, Israel). The freeze-drying was allowed to run until all the samples were completely dried. Successful
conjugation of bromelain to the chitosan nanoparticles was confirmed by Fourier transform infrared spectrophotometer
analysis.

Isolation and collection of gastrointestinal nematode eggs

Fecal samples were collected using sterile gloves from the rectum of 5 goats in a farm located in Juja Subcounty,
Kenya. The feces were analyzed to determine the number of nematode eggs per gram (EPG) of feces using the method
described by Coles et al. (1992). The eggs were harvested using the procedure described by Coles et al. (1992) with
slight modification. Briefly, a 5 g feces sample was weighed and mixed in a mortar and pestle. The feces mixture was
mixed in 50 mL of tap water and poured through a sieve into centrifuge tubes. The filtrate was centrifuged for 8 minutes
at 1000 g. The resultant supernatant was gently discarded and the sediment suspended in saturated salt (NaCl) solution
(specific gravity = 1.2 g) and allowed to stand for 10 minutes. The suspension was then centrifuged at 400 g for 6
minutes. Then, approximately 5 mL was sucked from the top and the eggs suspension was washed by centrifugation (at
1,000 x g for 8 minutes) in distilled water twice. The supernatant was discarded and the pellet containing eggs was
suspended in Phosphate buffered saline (pH 7.4).

Polymerase chain reaction for identification of GIN eggs

To determine the species of the GIN isolated from the goats, DNA was extracted from the eggs, and polymerase
chain reaction (PCR) was undertaken as previously described by Ammazzalorso et al. (2015) and Weier et al. (2019).
Genomic DNA was extracted using the Quick-DNA™ Tissue/Insect Miniprep Kit (Zymo Research Corp., Irvine, CA,
USA). After elution, DNA was stored at -20°C until used. DNA vyield and quality were assessed using a Nano-drop
spectrophotometer (PCR Max, Lambda).

The PCR was optimized separately with the main GIN strongyles known to occur in Kenya goats (Haemonchus
contortus, Trichostrongylus vitrinus, Trichostrongylus axei, Trichostrongylus colubriformis, Teladorsagia circumcincta,
Nematodirus battus, Nematodirus filicollis, Chabertia ovina, Oesophagostomum spp., and Ostertagia ostertagi). The
PCR mixture consisted of 2 pL of DNA template, 1 pL of each primer (Forward and Reverse, Table 1), 5 uL Tag
reaction buffer, and 0.5 uL of Taq DNA polymerase (My Tagq™ DNA Polymerase, meridian BIOSCIENCE). The
volume of the reaction was made up to 25 puL with DNA-free water. PCR was performed by Initial denaturation at 95°C
for one minute followed by 35 cycles each at 95°C for 20 seconds, 53°C for 20 seconds, and 72°C for 30 seconds. This
was followed by 2 minutes final extension at 72°C. The trials were performed to define the optimal PCR conditions for
each individual PCR assay. The amplicons were electrophoresed using 2% Tris-acetate-EDTA agarose gel (50 minutes,
70 V), after staining with ethidium bromide, and the DNA migration and resolution pattern were examined.

In vitro anthelmintic activity

Egg hatch assay

The egg hatch assay was performed according to the procedure described by Coles et al. (2006). For this, 1 mL of
the egg suspension, adjusted to approximately 40 to 50 eggs per mL, was placed in 15 mL Eppendorf tubes. In each tube
prepared, 1 mL of EB and non-encapsulated bromelain (NEB) of double-dilution concentrations (4, 2, 1, 0.5, 0.25, and
0.125 mg/mL) prepared in phosphate-buffered saline (PBS) was added. A negative (PBS) and a positive (Albendazole;
Sigma Aldrich, USA) control were constituted. Then, the tubes were incubated at 28°C for 48 hours. The test was
carried out in triplicate for each drug concentration. The percentage of egg hatch inhibition (EHI) for each of the drug
concentrations was evaluated microscopically at 40x using the modified formula by Luoga (2013).

Total number eggs - number hatched larvae

Egg Hatch Inhibition percentage (%) = Total number of eggs x 100
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Larval mortality assay

Larval mortality assay was carried out as described by Eguale et al. (2011). Briefly, 1 mL of the egg suspension in
PBS, adjusted to approximately 30 eggs per mL, was placed in 15 mL Eppendorf tubes. Amphotericin B (5 ug/mL) was
added to the egg suspension to control the growth of other contaminating bacteria. The tubes were incubated at 28°C for
48 h. Then, in each tube prepared, the hatched larvae were observed under the light microscope (OPTIKA, Italy) and 1
mL of EB and NEB of different concentrations (4, 2, 1, 0.5, 0.25, 0.125 mg/mL) prepared in PBS was added. A negative
reference control (PBS) and a positive reference control (albendazole in PBS) were constituted. Each test was done in
three times. The setup was further allowed to stand for 24h under the same conditions. The total number of larvae (dead
and alive) was counted under a microscope (OPTIKA, lItaly) and recorded. The percentage of mortality of larvae was

calculated using the following formula (Luoga, 2013).

L 1 cality (%) = Number of dead larvaee 100
arval mortality (%) = Number of larvae in culture

Effect of bromelain on adult worms

Adult worm mortality assay was carried out as described by Eguale et al. (2007). Two common nematodes
(Haemonchus contortus and Oesophagostomum spp.) in Kenya were collected from the abomasum of a goat slaughtered
at the Ruiru slaughterhouse in Kenya. The collected parasites were transported to the laboratory in PBS. Once in the
laboratory, the collected parasites were washed and the mobile worms were distributed in the petri dishes (10 worms per
petri dish). Subsequently, 10 mL EB and NEB were used against the larvae at double-dilution concentrations (4, 2, 1,
0.5, 0.25, and 0.125 mg/mL) in PBS added. After 24 hours of incubation, the number of mobile (live) and immobile
(dead) worms were counted. The mortality rate (%) was calculated as the number of dead worms divided by the total
number of worms per petri dish. The test was done in triplicate for each drug concentration.

Preparation worms for scanning electron microscopy

The effect of bromelain on the worm’s cuticle was examined under Scanning Electron Microscopy (SEM). The
worms were prepared according to the procedure described by Ghahvei et al. (2020). Briefly, worms were fixed with 3%
of glutaraldehyde and 1% of osmium tetroxide and dehydrated by sequentially placing in serial dilutions of ethanol (30,
50, 70, 90, and 100%). The specimens were dried in a laboratory oven and mounted onto aluminum stubs (15 x 5 mm).
The specimens were viewed under a JEOL JCM-7000 Scanning Electron Microscopy.

Statistical analysis

The data obtained were entered into and analyzed using the Statistical Package for Social Sciences (SPSS)
software version 28.0. The inhibition concentration 50 (ICsg) for eggs hatch, larval and adult mortality were calculated
using the regression line of probit according to the Log, of the extract concentration. The mean percentage at different
concentrations and ratios were compared using paired sample t-test at p < 0.05 significant level.

Table 1. Sequences of genus-specific primers of gastrointestinal nematode parasites of goats and sheep

Nematode species Primer sequences in 5°-3’ direction F_rag_ment Reference
size in bp
F: GTTACAATTTCATAACATCACGT
Haemonchus contortus R: TTTACAGTTTGCAGAACTTA 321 Redman et al. (2008)
. F: CACGAATTGCAGACGCTTAG .
Generic ITS2 R GCTAAATGATATGCTTAAGTTCAGC 370-398 Bisset et al. (2014)
Trichostronavlus vitrinus F: AGGAACATTAATGTCGTTACA 104 Wimmer et al.
9y R: CTGTTTGTCGAATGGTTATTA (2004)
. . F: AGGGATATTAATGTCGTTCA
Trichostrongylus axei R: TGATAATTCCCATTTTAGTTT 67 Burgess et al. (2012)
. . . F: CCCGTTAGAGCTCTGTATA
Trichostrongylus colubriformis R TGCGTACTCAACCACCACTAT 165 Burgess et al. (2012)
L . F: ATACCGCATGGTGTGTACGG
Teladorsagia circumcincta R: CAGGAACGTTACGACGGTAAT 421 Burgess et al. (2012)
Nematodirus battus F: CCGGTATACCCATTCAAGTAAGG 148 Wimmer et al.
R: CTACAGTCAGTTCCCCGTTG (2004)
Nematodirus filicollis F: CAGTCAATCCCATTCAAGTGAA 146 Wimmer et al.
R: GTTAAGAGCAGGTCCCCGATC (2004)
Chabertia ovina F: CATGTGTGATCCTCGTACTAGATAAGA 158 Wimmer et al.
R: ATGAACCGTACACCGTTGTCA (2004)
Cooperia s F: TATAGTAATATGAACATTTCTGAATGATATC 177 Bisset et al. (2014
peria spp. R: CTATAACGGGATTTGTCAAAACAGA - (2014)
Oesophadostomum s F: CTTCAGCAGACGCCAATACA 155 GenBank accession
phag Pp. R: CGTCTGCAATTCGTGGTAAA no: MW756992.1
Ostertagia ostertagi F: CGAATTGCAGACGCTTAGA 88 GenBank accession
g g R: ATTAACAACCCTGAACCAGAC no: KX92994.1
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RESULTS

Molecular identification of gastrointestinal nematode eggs

The eggs isolated from the goats’ feces were all strongyles. Out of 12 species-specific primers shown in Table 1
used to amplify DNA samples, 7 were amplified and yielded the expected product sizes of the following nematodes
Haemonchus contortus (320 bp), Trichostrongylus vitrinus (104 bp), Trichostrongylus axei (67 bp), Trichostrongylus
colubriformis (165 bp), Nematodirus filicollis (142 bp), Oesophagostomum spp. (155 bp) and Ostertagia ostertagi
(88bp, figures 1 and 2). Teladorsagia circumcincta, Nematodirus battus, Chabertia ovina and Cooperia spp. DNA was
not amplified and thus it was assumed these parasites were not present in the samples.

In vitro egg hatch assay of gastrointestinal nematode

The activity of the EB, Albendazole, and NEB in inhibiting the hatch of isolated eggs is summarized in Graph 1.
The results showed that high extract/drug concentration caused higher egg hatch inhibition, highlighting direct
proportionality between drug concentration and activity. The lowest concentration of EB (0.125 mg/mL) that was tested
inhibited more than 45% of the eggs from hatching. The EB had higher (p < 0.05) activity than NEB. However,
albendazole had significantly higher (p < 0.05) activity than encapsulated bromelain. The 1Cs, were 0.105 mg/mL, 0.184
mg/mL and 0.369 mg/mL for Albendazole, encapsulated bromelain and non-encapsulated bromelain, respectively (Table
2).

Effect of bromelain on eggs
Following the exposure of EB to GIN eggs the changes included degeneration of blastomere cells and internal
layer wall, inhibition of embryo development, and death of growing embryo and larval forms were observed (Figure 3).

In vitro larval mortality assay

The activity of EB, Albendazole, and NEB on larval mortality are shown in Graph 2. The results showed that at the
highest extract/drug concentration of albendazole and EB, there were no live larvae. The lowest concentration of EB
(0.125 mg/ml) caused more than 60% of larval mortality. Albendazole had higher 1Csq (0.090 mg/L) than EB (0.116
mg/mL) and NEB (0.313 mg/mL). There was a significant difference (p < 0.05) between the ICx, of albendazole and EB,
and also between the 1Cs, of EB and NEB (Table 3).

Adult worm’s mortality assay

Haemonchus contortus

The EB killed more worms than the NEB one at all concentrations tested (p < 0.05). The lowest concentration of
EB tested induced more than 50% mortality with an 1Cs, = 0.136 mg/mL, while NEB induced only 20% at the same
concentration with an 1C5,=0.588 mg/mL (Graph 3 and Table 4).

Oesophagostomum spp.

Encapsulated bromelain at different concentrations induced significant mortality of adult Oesophagostomum spp.
Even at the lowest concentration, EB caused more than 50% adult worm mortality (Graph 4). The 1Cs, observed were
0.069 mg/ml, 0.146 mg/mL and 0.408 mg/mL for Albendazole, EB and NEB, respectively (Table 5).

Damage of bromelain on worm’s wall
The SEM results showed that exposure of worms to bromelain induced embrittlement of the wall, softening, and
destruction of the cuticle (Figure 4).

Table 2. 1Cy, values of encapsulated bromelain, Albendazole, and non-encapsulated bromelain on egg hatch inhibition

Drug Lower boundary Upper boundary Average
(mg/mL) (mg/mL) (mg/mL)
Encapsulated bromelain 0.106 0.261 0.184%
Albendazole 0.007 0.151 0.105"
Non-encapsulated bromelain 0.254 0.502 0.369°

Values with the same superscript letter in the same column are not significantly different at p > 0.05.
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Table 3. 1Cs, values of encapsulated bromelain, albendazole and non-encapsulated bromelain on larval mortality

Drug Lower boundary Upper boundary Average
(mg/mL) (mg/mL) (mg/mL)
Encapsulated bromelain 0.039 0.197 0.116%
Albendazole 0.069 0.127 0.090°
Non-encapsulated bromelain 0.235 0.397 0.313°

Values with the same superscript letter in the same column are not significantly different at p > 0.05.

Table 4. ICsy values of encapsulated bromelain, albendazole and non-encapsulated bromelain on adult Haemonchus

contortus mortality

Drug Lower boundary Upper boundary Average
(mg/mL) (mg/mL) (mg/mL)
Encapsulated bromelain 0.050 0.276 0.136°
Albendazole 0.040 0.190 0.096°
Non-encapsulated bromelain 0.312 1.053 0.588°

Values with the same superscript letter in the same column are not significantly different at p > 0.05.

Table 5. ICs, values of encapsulated bromelain, albendazole and non-encapsulated bromelain on mortality of adult

Oesophagostomum spp.

Drug Lower boundary Upper boundary Average
(mg/mL) (mg/mL) (mg/mL)
Encapsulated bromelain 0.023 0.273 0.146%
Albendazole 0.006 0.172 0.069"
Non-encapsulated bromelain 0.177 0.725 0.408°

Values with the same superscript letter in the same column are not significantly different at p > 0.05.

ity
iy
Wy
iy

Figure 1. Analysis of PCR products using DNA isolated
from gastrointestinal nematode egg isolated from faecal
samples of goats in Kenya. M: 100 bp ladder; L1:
Amplification of Haemonchus contortus DNA (320 bp),
L2: Amplification of Oesophagostomum spp. (155 bp),
L3: Amplification of Nematodirus filicollis (142 bp),
L4: Amplification of Ostertagia ostertagi (88 bp), L5:
Amplification of Trichostrongylus vitrines (104 bp), L6:
Amplification of Trichostrongylus colubriformis (165
bp) and L7: Amplification of Trichostrongylus axei (67

bp).

Figure 2. Analysis of PCR products using DNA isolated
from gastrointestinal nematode egg separated from faecal
sample of goats in Kenya. M: 100 bp ladder; L1:

Amplification of Generic 1TS2 (380 bp), L2:
Amplification of Haemonchus contortus DNA (320 bp),
L3: Amplification of Trichostrongylus vitrines (104 bp),
L4: Amplification of Trichostrongylus colubriformis (165
bp), L5: Amplification of Trichostrongylus axei (67 bp),
L6: Amplification of Oesophagostomum spp. (155 bp),
L7: Amplification of Nematodirus filicollis (142 bp), L8:
Amplification of Ostertagia ostertagi (88 bp), L9:
Amplification of Generic 1TS2 (380 bp), L10 and L11:
Negative control.
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Figure 3. Damages of bromelain on eggs. a: Normal eggs containing blastomere; b: Egg with degeneration of
blastomere cells; ¢: egg with degeneration and distortion of blastomere cells; d: Eggs with death embryo; e and f: Eggs
with death larval forms.

Figure 4. Damages of bromelain on Haemonchus contortus worm’s wall. a: Normal cuticle surface, b, ¢ and d:
Degraded cuticle surface.
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DISCUSSION

The current study was targeted towards a further investigation of the efficacy of bromelain on GIN affecting ruminants.
Previous studies had only determined the effect of EB on H. contortus while the current study investigated the activity of
EB on a broader number of GIN affecting goats (Hunduza et al., 2020; Wasso et al., 2020). Since it is cumbersome to
reliably distinguish in egg and larval stages of gastrointestinal strongyles, molecular identification through PCR was
used as a sensitive and rapid alternative test for differentiating species of GIN in samples (Lin et al., 2008;
Bandyopadhyay et al., 2009). The PCR results showed the goats were excreting eggs of most trichostrongylids species
previously reported in Kenya (Munyua et al., 1997 ; Maichomo et al., 2004 ; Waruru et al., 2005). Present study
indicated presence of H. contortus, Oesophagostomum spp., N. filicollis, O. ostertagi, T. vitrinus, T. colubriformis and T.
axei in the fecal samples of the goats. Similar diversity of trichostrongylids has been reported in other African countries
(Munyua et al., 1997; Waruru et al., 2005).

The results of the present study showed that encapsulated bromelain has anthelmintic activity against eggs, larvae,
and adult worms of goat GIN. The results showed that EB has higher activity than that NEB and this could be due to the
fact that encapsulation of bromelain in chitosan would stabilize the activity of cysteine protease (bromelain) (Bhatnagar
et al., 2014). The present findings are in line with the Hunduza et al. (2020) and Wasso et al. (2020) observations with
the same bromelain extract on H. contortus egg, larvae, and adult. Hunduza et al. (2020) observed anthelmintic activities
of EB on egg hatch inhibition and larvae mortality on H. contortus were more than 50% in low concentration
(0.125mg/mL). The result of the current study about the 1Csq (0.141mg/mL) was similar to the findings of Hunduza et al.
(2020) and Wasso et al. (2020), respectively 0.140 and 0.151mg/mL for adult mortality. Moreover, the present study
observed better eggs hatch and larval mortality assay ICs, (0.184 and 0.116 mg/mL, respectively) on a broader range of
GIN eggs than that of Hunduza et al. (2020), who only used H. contortus.

Other studies have shown some plant extracts have activities against nematodes (Thuo et al., 2017; Sambodo et al.,
2018; Yongwa et al., 2020). It was reported a moderate level of anthelmintic activity of Albizia gummifera (root bark)
and Zanthoxylum usambarense (stem bark) against nematodes eggs in sheep with a concentration of 1Csy = 219494
mg/mL and 297+122 mg/mL, respectively (Thuo et al., 2017). Castagna et al. (2020) observed more than 82% of
unhatched GIN sheep eggs after exposition to aqueous pomegranate extract (Punica granatum L.). Yongwa et al. (2020)
obtained an inhibition of H. contortus egg hatching with LCs, of 0.69 mg/mL and 0.48 mg/mL, respectively with
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aqueous and ethanolic extract of Senna italica (caesalpiniaceae). These different studies show that some plant extracts
have the potential of anthelmintic activity depending on their species and could play a decisive role against
gastrointestinal helminths (Thuo et al., 2017).

This study showed that the activity of NEB on nematodes eggs was mainly due to degeneration and distortion of
blastomere cells and cessation of growth in embryos. As previously observed, it is possible that bromelain extracts
inhibit embryo development by inactivating endogenous enzymes responsible for the development process (André et al.,
2017; Lalthanpuii and Lalchhandama, 2020). The diffusion of the enzyme could be transcuticular, a common route of
entry into helminths for non-nutritive and non-electrolytic substances in nematodes. This transcutile route has been
proven to be a predominant route for the absorption of the main anthelmintics (such as Albendazole, Ivermectin) in
various parasitic helminths (Eguale et al., 2007; André et al., 2017). In the present study, the encapsulated bromelain
would have affected the wall layers of the egg, softening it and damaging the central cytoplasmic mass (blastomere) as
evidenced by the abnormal observation of the contents of the eggs exposed to various concentrations. The exposure of
worms to bromelain also resulted in embrittlement of the wall, softening, and destruction of the shell tissue. This often
results in weakening of the cuticle of the larva and adult worm and eventual bursting of worm and release of the contents
(Stepek et al., 2006). Present results confirm the observations reported by Njom et al. (2021) and Sambodo et al. (2018)
who show the effects of plant cysteine proteinases on the nematode cuticle. Njom et al. (2021) reported papain caused
damage and disruption of nematode cuticle. The disruption of cuticle by plant cysteine proteinase would cause by the
destruction of nematode cuticle structural proteins due to the dislocation of covalent tyrosine cross-links (Njom et al.,
2021). The presence of wrinkles and the destruction of the worm cuticle after exposure to plant extract was also
described by Sambodo et al. (2018).

CONCLUSION

The current study shows that bromelain encapsulated in chitosan has high activity against GIN affecting goats mainly
through affecting the shell and cuticle of the eggs and worms. Accordingly, this formulation of bromelain can contribute
to controlling GINs of small ruminants. Further studies should be undertaken to evaluate the in vivo effects of EB
against the broad range of GINs.
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