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ABSTRACT

The significant economic losses in the small ruminant sector caused by Haemonchus contortus highlight the urgent need
for alternative therapeutic solutions. These alternatives should not only be environmentally sustainable but also prevent
the development of resistance, with Acacia mangium emerging as a potential option. The study aimed to evaluate the
efficiency of A. mangium bark extract against adult H. confortus and to assess its antibacterial and antioxidant properties
using hot water extraction method. The extraction process used a factorial completely randomized design with three
temperatures (40, 60, and 80°C) and two durations (45 and 60 minutes). The concentrations of phenols, tannins, and
condensed tannins were measured, along with antioxidant (DPPH scavenging) and antibacterial activities. The
anthelmintic efficacy was compared to albendazole over a seven-hour period.

Result: Extraction at 80°C significantly increased the concentration of phenols, tannins, tannin-to-phenol ratio, and
condensed tannins compared to lower temperatures (P < 0.01). A 60-minute duration yielded higher levels of bioactive
compounds than 45 minutes (P < 0.01). The strongest DPPH activity occurred at 40°C for 60 minutes (P < 0.05). The
100% and 75% extract concentrations showed comparable anthelmintic activity to albendazole after seven hours. The
extract also demonstrated significant antibacterial activity, producing larger inhibition zones than the control (P <0.01).

Conclusion: Hot water extract of A. mangium bark exhibits potent anthelmintic, antioxidant, and antibacterial activities,
support its potential as a natural agent for parasite control in small ruminants.

Recommendation: Further in vivo studies are recommended to confirm the efficacy, safety, and potential integrity of the
extract in small ruminant health practices.

Keywords: Antioxidant compounds, condensed tannins, gastrointestinal nematodes, high-temperature plant extraction,
phenolic compounds, small ruminants.
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INTRODUCTION for farmers (Gazzonis et al., 2023; Werszko et al., 2024;
Zafari et al., 2022).

Parasitic worm infections, particularly those The H. contortus measured approximately 1.5 to
caused by Haemonchus contortus, posed a significant 2.5 cm in length (Arsenopoulos et al., 2021). The anterior
challenge for small ruminants in developing countries end featured a blood-sucking mouthpart shaped like an
(Rodriguez-Hernandez et al., 2023; Solomon et al., 2024). axe, which attached to and extracted blood from the
These infections occurred frequently among pasture- host’s abomasum (Nath et al., 2021). This parasite
raised ruminants (Esteban-Ballesteros et al., 2019; Hoste followed a direct life cycle without an intermediate host,
et al., 2022) and resulted in substantial economic losses and its third larval stage (L3) served as the infective form

(Arsenopoulos ef al., 2021; Gareh et al., 2021). Under
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warm environmental conditions, the larvae developed and
were ingested by grazing ruminants (Nath ez al., 2021). In
general, the presence and activity of female H. contortus
significantly influenced parasite load and disease severity,
as females produced new larvae capable of infecting
other hosts or different organs within the same host
(Arsenopoulos et al., 2021; Liu et al., 2023). Infected
ruminants commonly suffered from diarrhea, anemia,
anorexia, and, in severe cases, mortality (Julienne ef al.,
2021). The excessive use of anthelmintics led to drug
resistance, residue accumulation in animal products, and
environmental risks (Ahmed et al., 2024; Cunha et al.,
2024; Esteban-Ballesteros et al, 2019). As a result,
alternative parasite control strategies became necessary.
One promising approach involved the use of plant-
derived tannins with natural anthelmintic properties.
Acacia mangium emerged as a potential source due to its
high concentration of bioactive tannins (Sujarnoko,
Ridwan, et al., 2020).

Acacia bark, commonly known as Mangium
bark, served as an underutilized by-product of the paper
industry. Residual bark from the production process
potentially contributed to environmental pollution when
exposed to water (Margina et al., 2023). The bark
contains high concentrations of phenolic compounds and
tannins (Cuc’uz et al., 2022; Ruiz-Aquino et al., 2023;
Sujarnoko, Ridwan, et al., 2020), making A. mangium a
promising candidate for natural parasite control
(Sujarnoko, Ridwan, et al., 2020). Studies have indicated
that heated water extraction enhances tannin yield from
plant materials such as durian and rubber tree bark
(Sujarnoko, Jayanegara, et al., 2020). This water-based
extraction technique is considered environmentally
sustainable and safer for livestock applications (Harahap
et al., 2024; Klavina et al., 2023; Ujilestari et al., 2025).

Tannins represented a class of secondary
metabolites with extensively documented anthelmintic
properties (Chylinski et al., 2023; Motta et al., 2020).
Their capacity to disrupt parasite metabolism, reduce
worm burden, and suppress gastrointestinal nematode
development had been well established, particularly in H.
contortus (Costa et al., 2023; Teng et al., 2023).
Specifically, tannins extracted from conifer sources
inhibited 100% of egg hatching and significantly reduced
L3 larval motility to levels indicative of mortality
(Chylinski et al., 2023; Greiffer et al., 2022). Significant
negative correlations were also observed between
condensed tannin (CT) concentration and egg hatching
rates of Trichostrongylus colubriformis, indicating that
higher CT content enhanced anthelmintic efficacy against
T. colubriformis (Chylinski et al., 2023; Hoste et al.,
2022). Further evidence demonstrated damage to the
cuticle surface and alterations in its texture following
tannin treatment. This finding suggested that tannins
directly  interacted with  cuticular  components,
compromising the structural integrity and physiological
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function of the larval L3 protective layer (Greiffer et al.,
2022).

Tannins also provided desirable nutritional
benefits. They decreased methane emissions in ruminant
animals (Engstrom et al., 2022), acted as bypass proteins
(Sujarnoko, Ridwan, et al., 2020), and contributed to the
preservation of silage quality (Jayanegara ef al., 2019).

Based on previous research evidence, the null
hypothesis stated that variations in temperature and
extraction time did not affect the anthelmintic activity of
tannins extracted from A. mangium against H. contortus.
In contrast, the alternative hypothesis stated that such
variations influenced the anthelmintic activity of the
extracted tannins. The aim of this study was to determine
the optimum temperature and extraction time in order to
obtain 4. mangium tannins with enhanced anthelmintic
activity. The extracted tannins were screened against H.
contortus to determine their potential as a natural parasite
control option.

MATERIALS AND METHODS

The study followed two main methodological
stages. The first stage focused on extracting and
characterizing the phytochemical profile of 4. mangium
bark using a hot water extraction method under varying
temperature and time conditions. It then assessed total
phenols, total tannins, CT, hydrolysable tannins (HT),
antioxidant activity, and antibacterial properties. The
second stage involved an in vitro evaluation of the
anthelmintic efficacy of the extract against adult
gastrointestinal nematodes, with larval motility used as
the primary endpoint.

Extraction by hot water: The bark of A. mangium was
uniformly cut into pieces measuring 0.5 cm X 1 cm and
placed in a hot water extraction system. The extraction
process was conducted at three different temperatures
(40°C, 60°C, and 80°C) and for two durations (45 and 60
minutes), with each treatment replicated five times. The
extracted bark was analyzed for its phytochemical
composition, while tannins were removed and leached
into the water. The resulting extract was then assessed for
total phenol, total tannin, CT, and HT (Engstrom et al.,
2022; Palacios et al, 2021). The temperature and
extraction time that resulted in the highest tannin
recovery were selected for further procedures.

Antioxidant activity of Acacia extract: The antioxidant
activity was assessed using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay and the ferric reducing
antioxidant power (FRAP) method to determine the
extent to which the Acacia extract inhibited oxidative
reactions. A 50 ppm DPPH solution was prepared by
dissolving 5 mg of DPPH in 100 mL of analytical-grade
methanol. Similarly, a 50-ppm standard solution of
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ascorbic acid was prepared by dissolving 5 mg of
ascorbic acid in 100 mL of distilled water. The solution
was then measured in volumes of 0.5, 1.0, 1.5, 2.0, 2.5,
and 3.0 mL to obtain final concentrations of 1, 2, 3, 4, 5,
and 6 ppm in a 25 mL volumetric flask. A control
solution was prepared using 2 mL of the 50 ppm DPPH
solution.

The antioxidant activity assessment was
performed as follows. A 2 mL aliquot of Acacia bark
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extract and a 2 mL aliquot of the standard solution were
separately transferred into dark test tubes. Subsequently,
2 mL of the 50 ppm DPPH solution was added to each
tube. The mixtures were then agitated using a shaker for
30 minutes. Absorbance was measured using a UV-Vis
spectrophotometer at a wavelength of 517 nm (Liyana-
Pathirana & Shahidi, 2005). The antioxidant activity
determined using the DPPH method was expressed as
percent inhibition, as calculated by Equation 1.

(Absorbance of control — Absorbance of sample)

Inhibition (%) =

One milliliter of Acacia bark extract and one
milliliter of standard ascorbic acid solution were
separately transferred into test tubes. Each test tube was
then supplemented with 1 mL of 0.2 M phosphate buffer
(pH 6.6) and 1 mL of 1% potassium ferricyanide solution.
The mixtures were incubated at 50°C for 20 minutes.
After incubation, 1 mL of 10% trichloroacetic acid (TCA)
solution was added to each test tube, followed by
centrifugation at 3000 rpm for 10 minutes.

After centrifugation, 1 mL of the supernatant
was carefully collected and mixed with 1 mL of distilled
water and 0.5 mL of 0.1% ferric chloride (FeCl3) solution.
The mixture was left to stand for 10 minutes before its
absorbance was measured using a UV-Vis
spectrophotometer at a maximum wavelength within the
range of 400-800 nm. An oxalate solution was used as
the blank, and the results were expressed in milligram
equivalents of ascorbic acid per gram of sample.

Antibacterial assay of Acacia extract: The disc
diffusion method was employed using nutrient agar (NA)
as the bacterial growth medium. The NA was prepared by
heating and then aseptically pouring it into sterile Petri
dishes. The Escherichia coli culture was inoculated onto
the NA medium by adding 1 mL of the diluted bacterial
suspension and stirring until evenly distributed. Paper
discs were immersed in tannin extract at varying
concentrations (50%, 75%, and 100%), an anti-diarrheal
drug (as a positive control), and distilled water (as a
negative control) for one hour to facilitate absorption.
The discs were then air-dried before being placed on the
NA medium inoculated with bacteria. The Petri dishes
were incubated, and the inhibition zones surrounding the
paper discs were measured on the first and fifth days. The
area of inhibition, or clear zone, was subsequently
calculated.

Ethical approval: The study received ethical approval
from the National Research and Innovation Agency
(BRIN) under ID: 078/KE.02/SK/10/2022.

Anthelmintic activity of Acacia extract: The worm
samples were collected from rumen waste at a
slaughterhouse, specifically from the greater curvature
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region. Before the larval motility assay, the worms were
incubated in phosphate-buffered saline (PBS) to maintain
viability. Adult female worms were subsequently selected
as test subjects. A motility test was then performed on the
worms using Acacia extract dilutions ranging from 25%
to 100%.

The anthelmintic efficacy test lasted seven hours
at ambient temperature (28-30°C). This exposure period
fell within the commonly accepted range of 6 to 12 hours
reported in previous in vitro studies, during which the
peak reduction in motility typically occurred between 7-
and 8-hours post-exposure (A. Al-Saeed, 2023; Josiah et
al., 2023). After the exposure period, the worms were
transferred into phosphate-buffered saline (PBS) for 10
minutes. Specimens that displayed visible movement
were classified as alive, whereas those that showed no
response were recorded as dead. The anterior and
posterior regions of the worms were examined under a
compound light microscope at 10x10 magnification.
Morphological changes in both ends of the worms were
documented using a calibrated camera attached to the
microscope.

The experiment consisted of seven treatment
groups: albendazole at 19 mg/mL as a positive control
(T1); PBS as a negative control (T2); 100% Acacia
extract (T3); 75% Acacia extract diluted with 25%
distilled water (T4); 50% Acacia extract with 50%
distilled water (T5); 25% Acacia extract with 75%
distilled water (T6); and 100% distilled water as a diluent
control (T7).

Each treatment underwent three replications (n =
3). In each replicate, researchers randomly assigned 10
adult worms, yielding a total of 30 worms per treatment
group. The replication scheme adhered to the minimum
accepted standard for in vitro anthelmintic testing,
enabling reliable statistical comparisons and reducing
biological variation. The sample size of 30 was
determined using Equation 2 (Ko & Lim, 2021),
assuming a significance level of 0.05, a statistical power
of 80%, a standard deviation (c), and a minimum
difference (A) considered biologically meaningful.
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Worms were considered dead if they showed no
movement when touched. Mortality data were then
calculated as a percentage using Equation 3.

Number of dead worm

Mortality index (%) =

Statistical analysis: The study examined the effects of
temperature and extraction time on the quality of Acacia
extract under a completely randomized design with two
factors. Temperature levels were set at 40, 60, and 80°C,
and extraction times were 45 and 60 minutes. Each
treatment combination was replicated four times. The
measured parameters included total phenol, total tannin,
the tannin-to-phenol ratio (TPR), CT, HT, and free
radical inhibition (DPPH and FRAP). Antibacterial
activity was assessed by measuring the diameter of the
inhibition zone. All data for each parameter were
analyzed using ANOVA (SPSS version 25). When
significant interactions between factors were detected, the
Duncan post hoc test was used to determine specific
differences among treatments. Furthermore, Bonferroni
contrasts were conducted to evaluate each pairwise
treatment difference individually. The estimates were
considered substantial when the absolute value exceeded
0.8 and the significance level was below 0.05 (Amirul et
al., 2025; Groenwold et al., 2021).

The mortality index included seven treatments;
each replicated three times with ten worms per replicate.
Data were analyzed using ANOVA (SPSS version 25),
followed by the Duncan post hoc test to identify
significant differences among treatments.

RESULTS

The study evaluated the effects of temperature
and extraction time. Higher temperatures significantly
increased the levels of phenol, tannin, TPR, CT, and HT
(P < 0.01; Table 1). Extraction time also exerted a
positive influence; however, it did not significantly affect
free radical inhibition. The interaction between
temperature and time further elevated the concentrations
of these phytochemicals (P < 0.01), warranting post hoc
analysis using Duncan’s test (Table 2). Optimal
conditions were identified at 80°C for 60 minutes,
serving as the comparative reference point for individual
treatment contrasts (Table 6).

A clear trend emerged, showing that an increase
in temperature combined with longer extraction time
correlated with higher phytochemical yields (Figure 1).
The most pronounced effects occurred at 60 minutes
compared to 45 minutes of extraction, particularly at the
highest temperature of 80°C, where the phytochemical
content peaked. The interaction between temperature and
time began to manifest clearly at 80°C (Figure 1).
Nonetheless, statistical analysis using partial eta squared

X
Total number of worms per replicate
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(n%) revealed minimal interaction effects, as the
interaction term between temperature and time produced
a low n?% value. Temperature alone accounted for the
dominant source of variation (Table 1).

The DPPH assay demonstrates that temperature
and time do not significantly influence the percentage of
inhibition. However, their interaction is statistically
significant (P < 0.05; Table 4). The optimal condition is
achieved at 40°C for 60 minutes, resulting in an average
inhibition of 72.9 £+ 0.77%. Antioxidant activity can also
be assessed using the FRAP method, which evaluates the
reduction of Fe** to Fe?**. Unlike DPPH, FRAP results
indicate that higher temperatures significantly enhance
inhibition capacity (P < 0.01), while extraction time has
no direct effect. Nevertheless, the interaction between
time and temperature significantly affects the inhibition
percentage. The lowest inhibition is recorded at 40°C for
60 minutes, whereas the highest occurs at 80°C for both
45 and 60 minutes, with comparable values (Table 5).
The Bonferroni comparison (Table 6) supported the
finding. The combination of 80°C with extended
durations (45 and 60 minutes) resulted in significantly
higher FRAP wvalues (P < 0.05) compared to other
temperature—time combinations. However, no such
pattern was observed for DPPH. Figure 1 illustrates the
interaction patterns for both DPPH and FRAP data. An
interaction effect appeared for DPPH at 60°C, indicating
a temperature-specific response. Although the time factor
showed overlapping trends across temperatures, a
crossover interaction occurred between 60 and 80°C,
suggesting that the effect of time on antioxidant activity
varied depending on the extraction temperature.

The results demonstrate that Acacia extract has
antibiotic potential against E. coli. Higher concentrations
produce larger clear zones (P < 0.01; Table 3). The 100%
extract yields the widest zone (10.9 + 2.2 cm), exceeding
the 75% and 50% concentrations. The optimal extraction
temperature is 80°C, significantly outperforming 60 and
40°C (P < 0.01). Extraction time also affects efficacy,
with 60 minutes producing significantly larger clear
zones than 45 minutes (P < 0.01). Tests showed that 100%
Acacia extract matched the effectiveness of albendazole
after seven hours. In contrast, the control treatment with
saline buffer and distilled water caused no worm
mortality. Extracts at 25%, 50%, and 75% induced death
but were less potent than albendazole and the full-
strength extract (P < 0.01). Albendazole acted rapidly,
eliminating all worms by the fifth hour, as shown in
Figure 2. The anterior and posterior cross-sections of H.
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albendazole and Acacia extract caused noticeable
wrinkling of tissues surrounding the anterior and
posterior regions.

contortus treated with albendazole and Acacia extract are
presented in Figure 3. The cross-sections appeared
similar across treatments at a glance. However,

Table 1. ANOVA of phenolic and tannin characteristics affected by temperature, time, and their interaction in
Acacia bark extract.

Treatment Total phenol Total tannin TPR (%) CT HT
(mg/L GAE) (mg/L GAE) (mg/L GAE) (mg/L GAE)
Temperature 40°C 7.20+£0.10* 4.29+0.10% 60.03 +£0.32? 1.01 £0.042 3.22+0.072
60°C 7.20 £0.39* 4.28 £0.35% 60.63 + 1.33° 1.00 £0.072 3.38+£0.242
80°C 9.10 £ 0.06° 5.94+0.07° 65.32 £ 0.44° 1.33£0.05° 4.61 +0.04°
Time 45 min 7.38£0.36 4.46 +£0.30 60.67 +0.88 0.99 +£0.05 3.53+0.23
60 min 8.27+0.23 522+0.23 63.31+0.89 1.24 £0.05 3.94+0.19
P value
Temperature <0.001 <0.001 <0.001 0.025 <0.001
Time 0.188 0.174 0.149 0.209 0.437
Temp.x Time 0.073 0.078 0.06 0.584 0.168
U
Temp. 0.819 0.822 0.756 0.508 0.711
Time 0.408 0.420 0.420 0.437 0.168
Temp.x Time 0.252 0.247 0.268 0.058 0.180
Adj. R? 0.805 0.806 0.754 0.555 0.671

Values in the same column, nested within each factor (temperature or time), that have different superscripts showed significant
differences at P < 0.05. Adj. R’>=adjusted coefficient of determination, CT=condensed tannins, GAE=gallic acid equivalents,
HT=hydrolysable tannins, n%,=partial eta square, TPR=tannin-to-phenol ratio.

Table 2. Duncan test of phenolic and tannin characteristics affected by temperature—time combinations in Acacia
bark extract.

Treatment Total phenol Total tannin TPR (%) CT HT
(mg/L GAE) (mg/L GAE) (mg/L GAE) (mg/L GAE)

40°C x 45 min 7.00 +0.13° 4.19+0.14° 60.32 + 0.54° 1.02+0.19* 13.22 £ 0.22°
40°C x 60 min 7.40 £ 0.28° 4.40+0.35° 59.73 + 1.16° 1.19 +0.26% 13.40+0.19°
60°C x 45 min 6.17+0.11* 3.41+£0.28 57.34 £ 0.69* 0.83 +0.06% 13.55+0.15°
60°C x 60 min 8.20+0.17¢ 5.15+0.37¢ 63.92 + 1.89° 1.17£0.18° 14.63 £ 0.34%
80°C x 45 min 8.97+0.07¢ 5.77 £ 0.08¢ 64.35 £ 0.42¢ 1.22 £0.08 1536+0.11°
80°C x 60 min 9.22+0.12f 6.11+£0.129 66.29 £ 0.54¢ 1.54+£0.22° 15.78 £0.10°

Values with different superscripts in the same column indicate significant differences at P < 0.05. CT=condensed tannins, GAE=gallic
acid equivalents, HT=hydrolysable tannin, TPR=the tannin-to-phenol percentage.

Table 3. ANOVA of the interaction among time, temperature, and Acacia bark extract concentration as an
antibacterial agent against E. coli.

Treatment Clearing zone (mm) P value
Temperature 40°C 7.75+£1.57 0.078
60°C 9.42+1.61
80°C 11.25+1.89
Time 45 min 9.06 £2.15* 0.001
60 min 9.80 +2.2°
Extract concentration (%) 50 8.17+1.76* 0.032
75 9.33+£1.79°
100 10.92 £ 2.18¢
P value
Temperature X Time 0.722
Temperature X Extract concentration 0.460
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Time x Extract concentration 0.703
Temperature X Time x Extract concentration 0.785
W’

Temperature x Time 0.002
Temperature x Extract concentration 0.101
Time x Extract concentration 0.001
Temperature x Time x Extract concentration 0.031
Adj. R? 0.686

Values in the same column, nested within each factor (temperature, time, extract concentration), that have different superscripts
showed significant differences at P < 0.05. Adj. R2=adjusted coefficient of determination, n%=partial eta square.

Table 4. ANOVA of the interaction between time and temperature on the antioxidant activity (DPPH activity and
FRAP) of Acacia bark extract.

Treatment DPPH (%) FRAP (mMCE)

Temperature 40°C 7191 £1.59 2.54 +0.32¢°
60°C 71.20+1.47 3.38+0.312
80°C 70.43 + 1.65 4.66+0.31°

Time 45 min 71.25+1.35° 3.63+0.95
60 min 71.11 £ 1912 3424097

P value

Temperature 0.916 <0.01

Time 0.016 0.657

Temperature x Time 0.027 0.877

U

Temperature 0.241 0.713

Time 0.020 0.015

Temperature X Time 0.331 0.015

Adj. R? 0.393 0.637

Values in the same column, nested within each factor (temperature or time), that have different superscripts showed significant
differences at P < 0.05. Adj. R>=adjusted coefficient of determination, DPPH activity=test of 2,2-diphenyl-1-picrylhydrazyl activity,
FRAP=ferric reducing antioxidant power, nMCE=millimolar catechin equivalent, n*=partial eta square.

Table 5. Duncan test of antioxidant activity (DPPH activity and FRAP) affected by temperature—time
combinations in Acacia bark extract.

Treatment DPPH (%) FRAP (mMCE)
40°C x 45 min 70.91 + 0.45%® 2.79+0.11°
40°C x 60 min 72.92+£0.77° 2.29+010°
60°C x 45 min 71.33 +1.08%® 3.27+0.15¢
60°C x 60 min 71.08 + 0.29%® 3.49+0.16°
80°C x 45 min 71.50 + 0.05% 4.84+0.124
80°C x 60 min 69.36 +0.76" 4.48+0.149

Values with different superscripts in the same column indicate significant differences at P < 0.05. DPPH activity=test of 2,2-diphenyl-
1-picrylhydrazyl activity, FRAP=ferric reducing antioxidant power, mMCE=millimolar catechin equivalent.
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Figure 1. Interaction between temperature and time factors in the acacia extract affected phytochemical and
antioxidant characteristics. A significant interaction occurred when the time factor intersected at
approximately 45 and 60 minutes in combination with temperature levels of 40, 60, and 80°C.
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Figure 2. Presents the mortality index of Haemonchus contortus. The treatment groups include positive control at a
concentration of 19 mg/mL (albendazole), acacia extract 100%, acacia extract 75%, acacia extract 50%, acacia
extract 25%, phosphate buffer saline, and distilled water. Each replication involved 10 worms, and each
treatment contained 3 replications.

1.a. Albendazole (anterior) 1.b. Albendazole (posterior)

2.a. Acacia extract (anterior) 2.b. Acacia extract (posterior

Figure 3. Anterior and posterior conditions of Haemonchus contortus following treatment. Treatments included a
positive control (albendazole) and Acacia extract (100% extract) after 7 hours at a magnification of 10x10.
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DISCUSSION

Extraction at high temperatures significantly
increased the content of secondary metabolites,
particularly phenolic compounds and tannins. Osman et
al. (2024) reported that tannin concentration reached its
highest level when extracted at 70 °C, compared to
extractions at 30 and 50°C. This increase resulted from
the reduced polarity of water at elevated temperatures
(Cheng et al., 2021). The n?, test results indicated that
extraction time also played an important role in
increasing phenol and tannin concentrations. However,
this observation differed from the findings of Wonggo et
al. (2024), who reported that tannin levels in mangrove
seed extracts obtained through subcritical water
extraction decreased as extraction time increased.
Extraction time appeared less effective when the interval
between processes was too short (15-mintute difference).
Nonetheless, the graphical visualization still showed
differences between extractions performed for 45 and 60
minutes, particularly for CT and HT concentrations,
which were slightly higher at 60 minutes. Further
investigation is likely required to determine the optimal
extraction time for maximizing phytochemical yields, for
example, by applying a response surface model (Sholikin
etal.,2019).

Acacia bark contained a high concentration of
tannins (Sujarnoko, Ridwan, ef al, 2020), which were
widely recognized for their anthelmintic properties
(Caradus et al., 2022; Greiffer et al., 2022). These
compounds bound to proteins, disrupting the structural
integrity of nematodes and eventually causing their death
(Caradus et al., 2022; Engstrom et al., 2022). Visual
analysis supported this mechanism, as both the anterior
and posterior parts of H. contortus exhibited noticeable
shrinkage following exposure to Acacia extract. Further
evidence emerged from the mortality index data (Figure
2), which demonstrated that Acacia extract exhibited

clear anthelmintic activity across dilution levels from 35%

to 100%. Despite this, extracts diluted to concentrations
between 25% and 75% showed lower efficacy compared
to albendazole. Only the undiluted 100% extract achieved
a mortality rate that closely resembled that of the
commercial anthelmintic. The observed bioactivity likely
resulted from the tannins’ ability to bind to the mucosal
and cuticular proteins of H. contortus, leading to cuticle
lysis and, ultimately, death (Hoste et al., 2022). The
combined visual and quantitative evidence suggested that
the anthelmintic effects of Acacia tannins operated
through structural degradation of the nematode’s outer
layers, reinforcing their potential as a phytogenic
alternative to synthetic drugs. In addition to their
anthelmintic capacity, tannins also exhibited antibacterial
and antioxidant activities. The damage caused by H.
contortus could lead to systemic failure; therefore,
tannins offered a preventive effect by reducing bacterial
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infection risk during infestation and by enhancing the
body’s oxidative status to combat disease or modulate
rumen microbiota (Makmur et al., 2022; Tong et al.,
2022).

Apart from their biological role as anthelmintics,
tannins demonstrated potent antibacterial activity against
pathogens (Jayanegara et al., 2019). Tannins in Acacia
bind proteins, restricting bacterial access during silage
production (Sadarman et al., 2019). E. coli, a spoilage
bacterium in silage storage, also causes diarrhea in calves
(Bergholm et al., 2024; Jia et al., 2024). Its reduction
may result from CTs, which exhibit anti-biofilm and anti-
motility effects (Dakheel et al, 2020). Tannins inhibit
bacterial growth by binding to iron, disrupting cell walls,
damaging membranes, inhibiting fatty acid biosynthesis,
and interfering with quorum sensing. They also suppress
gene expression, enzyme activity, motility, and the
formation of biofilms, adhesins, and toxins. These
statements support the findings from the acacia extract
results in the present study, confirming that tannin extract
from acacia had a strong effect on the inhibition zone of
E. coli, particularly at 100% concentration. However, the
effect of temperature was not evident, while the effect of
extraction time remained significant, although the
numerical difference was minimal. When compared with
other antibacterial agents such as propolis and Piper betle
leaf extract, the results were relatively favorable
(Ngamsurach & Praipipat, 2022; Vica et al., 2021).

Tannins also exhibited antioxidant properties
(Motta et al., 2020). Antioxidants enhanced immunity,
improved sheep productivity (Dey et al., 2015), and aided
in the treatment of helminth infections (Chylinski ef al.,
2023). They protected liver cells from damage caused by
free radicals during Fasciola hepatica development
(Cwiklinski et al., 2021). By neutralizing these radicals,
antioxidants reduced liver tissue damage. They also
strengthened immunity (Orzuna-Orzuna et al., 2021) and
alleviated physiological stress (Longobardi et al., 2021).
The findings aligned with the observation that higher
concentrations of both CT and HT coincided with an
upward trend in antioxidant activity measured by FRAP
and DPPH (Figure 1). However, the DPPH results at 60°C
displayed an opposite trend. Nevertheless, antioxidants
were indeed influenced, in part, by tannin composition
(Moccia et al., 2020).

Although this study served as a model to
evaluate the efficacy of Acacia bark extract against H.
contortus under in vitro conditions, the fully controlled
environment may have reduced ecological variation that
could influence the extract's effectiveness. Therefore, in
vivo studies are essential to further assess the extract’s
potential as an anthelmintic adjuvant. Additionally, this
study did not include toxicity testing or an evaluation of
tannin—protein binding capacity, which is important for
understanding potential adverse effects associated with
high tannin concentrations.
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Conclusion: Hot water extraction of Acacia bark
demonstrates  significant potential in controlling
Haemonchus contortus, with optimal conditions of 80°C
for 60 minutes yielding the highest concentrations of total
phenols, total tannins, condensed tannins, and
hydrolysable tannins. Under these conditions, Acacia
extract exhibits strong anthelmintic activity, particularly
at a 100% concentration. Additionally, it shows
antibacterial properties against Escherichia coli and
notable antioxidant activity, with DPPH inhibition being
most effective at 40°C and FRAP activity peaking at
80°C. These findings highlight the multifunctional
bioactive potential of Acacia extract, offering valuable
applications in pharmaceutical, veterinary, and food
industries.
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