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ARTICLE INFO ABSTRACT

Grape pomace obtained as a byproduct of industrial processing of grapes retains nutrients and substances with
anthelmintic potential such as saponins, tannins, and flavonoids. Therefore, this study evaluated the in vitro
ovicidal and larvicidal activity of hydroalcoholic grape pomace extract against gastrointestinal nematodes of
sheep. The anthelmintic evaluation was performed by in vitro assays with eggs and larvae of nematodes obtained
from naturally infected donor sheep. The grape pomace extract showed high in vitro ovicidal and larvicidal
activity with LDs, values of 0.30 mg/mL for egg hatching inhibition, 1.01 mg/mL for larval development in-
hibition and 100% efficacy in larval migration inhibition assays at all concentrations evaluated. The effect of
tannins was evaluated by the addition of 50 mg/mL polyvinyl polypyrrolidone to grape pomace extract at the
concentration of 12.5mg/mL. The in vitro ovicidal activity of grape pomace was reduced by only 15% after
polyvinyl polypyrrolidone addition, indicating that other phytochemicals also contribute to the ovicidal activity
displayed by the extract. Our results demonstrate that grape pomace exhibits in vitro anthelmintic activity,
suggesting that, beyond its nutritional potential, this pomace can also be an ally for gastrointestinal nematode
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control in sheep.

1. Introduction

Infection by gastrointestinal nematodes (GINs) is one of the prin-
cipal problems causing losses in sheep production due to the resulting
lower productivity, the costs of anthelmintic treatments and the mor-
tality of highly infected sheep [1], especially in developing countries
such as Brazil. For decades, GINs in sheep have been controlled by the
administration of synthetic anthelmintics to the animals; however, the
incorrect use of these drugs and absence of epidemiological control has
selected resistant nematodes [2]. This emergence of anthelmintic re-
sistance has brought about the need to develop new alternatives in the
control of sheep parasitosis.

Medicinal plants have emerged as an alternative to the use of syn-
thetic anthelmintics because they contain phytochemicals with an-
thelmintic properties such as saponins, flavonoids, and tannins [3,4].
These phytochemicals are present in considerable quantities in the re-
sidues obtained from the industrial processing of the fruit for the

production of juices and wines [5,6]. Among the many fruit crops,
grapes are one of the most productive worldwide, annually generating
millions of tons of waste predominantly through the wine industry.
After the fermentation stage of wine production, some of the original
phenolic content remains in the pomace [5,7].

Studies by Yu and Ahmedna [8] and Nistor et al. [9] found that
grape pomace is safe and can be added to ruminant feed at rates of up to
100 g/kg/day as a good nutritional source. Although grape pomace
contains phytochemicals with anthelmintic properties, including gallic
acid [10], gallocatechin, epigallocatechin [11,12] and resveratrol [13],
there are no scientific reports about its anthelmintic activity. Given the
need to develop new alternatives for the control of GINs, this study
evaluated the ovicidal and larvicidal activities of grape pomace hy-
droalcoholic extract in in vitro assays with eggs and larvae of helminths
obtained from naturally infected sheep.
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2. Materials and methods
2.1. Ethical approval

Animal use was approved by the Animal Use and Ethics Committee
of the Faculty of Engineering, UNESP/Ilha Solteira, according to in-
ternational standards of animal use in research (clearance certificate
number: 12/2013/CEUA).

2.2. Preparation of the grape pomace extract and fractions

Grape pomace of the variety Maximo IAC 138-22 was donated by a
winemaker from the Jales region (Sao Paulo, Brazil) in July 2017. The
grape pomace was dried in a circulating air oven (50 °C). The grape
pomace extract (GPE) was prepared from 10 g of powdered grape po-
mace in 100 mL of ethanol (70%) using the exhaustive maceration
method for 7 days. The mixture was filtered and the resulting liquid
rotaevaporated, furnishing the crude GPE. Crude GPE (1.5 g) was dis-
solved in 20 mL of ethanol (70%) and fractionated by successive ex-
tractions with hexane, dichloromethane, and ethyl acetate. The parti-
tion process was performed by diluting 1.5 g of the crude GPE with
20 mL of ethanol (70%) and successively extracting with hexane, di-
chloromethane, and ethyl acetate. The extraction process was carried
out with 50 mL of each solvent and repeated three times for each ex-
tract. All fractions and GPE were frozen until use.

2.3. Measurement of total phenolics and tannins

2.3.1. Total phenolic content

Grape pomace (200 mg) contained in a test tube was mixed with
10mL of ethanol (70%) and subjected to ultrasonic treatment for
20 min at room temperature and then centrifuged for 10 min (2054g) at
4 °C. Aliquots of the supernatant (0.02, 0.05 and 0.1 mL) were added to
test tubes containing distilled water (0.48, 0.45 and 0.4 mL respec-
tively), 0.25mL of Folin-Ciocalteu reagent and 1.25mL of sodium
carbonate solution (20%). The tubes were shaken in a vortex and ab-
sorbance was recorded at 725 nm after 40 min. The total phenol content
was measured as tannic acid equivalent from the calibration curve
(concentration range: 2-10 pg/mL). The total phenolic content was
expressed as dry matter (x%) [14].

2.3.2. Non-tannin phenol and tannin contents

In a test tube, 100 mg of PVPP, 1.0 mL of distilled water, and 1.0 mL
of the supernatant obtained in Section 2.3.1 were mixed and agitated in
a vortex, kept at 4°C for 15 min, then centrifuged for 10 min (2054g)
and the supernatant collected. The Folin-Ciocalteu procedure was car-
ried out on this supernatant. The content of non-tannin phenols was
measured as tannic acid equivalent per gram of dry matter (y%). The
difference between the total phenolic content (x%) and the content of
non-tannin phenols (y%) indicated the tannin content [14].

2.4. Recovery and preparation of eggs

The eggs were obtained from faeces of sheep naturally infected with
gastrointestinal nematodes (95% H. contortus and 5% Trichostrongylus
sp.). The eggs were recovered using a sequence of sieves [15], and the
eggs retained in the 25-um sieve were washed with distilled water,
transferred to Falcon tubes and centrifuged for 5min at 2054g. The
supernatant was removed and mixed with saturated NaCl to re-suspend
the eggs. After centrifugation, the supernatant was transferred to 25-um
sieves and the retained eggs were washed and transferred to a Falcon
tube, in which the final concentration of eggs was adjusted to 100 eggs/
100 pL.
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2.5. Egg hatching assay (EHA)

To each well of a 24-well microplate, 100 eggs/100 uL. were added
and the total volume was adjusted to 200 pL with distilled water. All
concentrations of GPE and fractions (0.78, 1.56, 3.12, 6.25, 12.5,
25.0 mg/mL), water (negative control 1), DMSO at 0.5% (negative
control 2), and albendazole at 25 ug/mL (positive control) were tested
in five replicates. After incubation of the microplate for 48 h at 28 °C,
the number of eggs and L1 per well were counted under an inverted
microscope. To evaluate the effect of tannins, another series of in-
cubations were made. The procedure was similar to that described
above using the negative controls, GPE in the concentration with the
greatest effect (12.5mg/mL) with PVPP (50 mg/mL) and the GPE
(12.5mg/mL) without PVPP. Five replicates were made for each
treatment [16].

2.6. Larval development assay (LDA)

A 24-well microplate containing 100 eggs/100 L in each well was
incubated for 48 h at 28 °C and after hatching 90 pL of nutrient medium
(consisting of 1 g of yeast in 90 mL of normal saline and 10 mL of Earle’s
balanced salt), 10 pL. of amphotericin (25 pug/mL) and 200 puL of GPE
were added to each well [17]. All concentrations of GPE (0.19, 0.39,
0.78, 1.56, 3.12, 6.25, 12.5, 25.0 mg/mL), water (negative control 1),
DMSO at 0.5% (negative control 2), and ivermectin at 10 pg/mL (po-
sitive control) were tested in five replicates. The plates were incubated
for 5days, and the numbers of L1 and L3 were counted under an in-
verted microscope.

2.7. Larval migration assays (LMA)

For these assays, the L3 were obtained by culture of faeces from a
naturally infected donor sheep and then collected by sedimentation
using Baermann devices [17,18]. One thousand live L3 (500 puL) were
added to centrifuge tubes containing 1000 puL of GPE solution (0.19,
0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25mg/mL) or commercial anthel-
mintic control (levamisole hydrochloride at 1.25mg/mL). PBS (the
negative control, pH 7.2) was added to the tubes to obtain a final vo-
lume of 2000 pL. After incubation for 3 h at 28 °C the tubes were capped
with a 25-um sieve and turned upside down over a Petri dish containing
distilled water. The number of L3 that migrated through the mesh
within 3h was counted under an inverted microscope. The percentage
inhibition of larval migration was determined relative to the number of
larvae tested.

2.8. Scanning electron microscopy (SEM) processing of L3 stage

The larvae (L3 stage) for SEM analysis were recovered from the
negative control and GPE 0.78 mg/mL treatment in the larval migration
inhibition assay. The L3 were individually preserved in 2% glutar-
aldehyde solution in phosphate buffer (0.1 M, pH =7.4) and re-
frigerated at 4°C until analysis. The larvae were processed for SEM
analysis at the Scanning Electron Microscopy Laboratory at Faculdade
de Engenharia de Ilha Solteira UNESP. The fixed larvae were washed in
solution buffer and dehydrated in graded acetone series (15%, 30%,
50%, 70%, 95%, and 100%). The larvae were then critical point dried
and sputter coated with gold. Immediately following gold coating, the
larvae were observed with a scanning electron microscope (Carl-Zeiss,
EVO/LS15, Scanning Electron Microscope, Germany).

2.9. Statistical analysis

The mean percentage of egg hatching inhibition, larval development
inhibition and larval migration inhibition assays at different con-
centrations of extract versus the control was compared by one-way
ANOVA (95%) and the Dunnett test (5%). The final concentrations of
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the GPE and fractions in each well of the microplate or tubes were used
for LDsy determination. The value of LDsq for the extract is the dose
required to kill half the members of a tested population after a specified
test duration. The LDs, values were calculated by means of nonlinear
regression analysis with the aid of GraphPad Prism version 5.0.

3. Results
3.1. Yield of extracts from the plant material

After the extraction with ethanol (70%), 10 g of dried grape pomace
yielded 1.97 g of GPE. The partition of 1.5 g of GPE to solvents of in-
creasing polarity furnished 0.12g, 0.32g, 0.45g, and 0.61 g respec-
tively, of the fractions in hexane (FH), dichloromethane (FD), ethyl
acetate (FAC) and residual aqueous solution (FRA).

3.2. Total phenolic and total tannin content

The total phenolic content in GPE was 3.95mg/g (tannic acid
equivalent) in 100 mg of dried pomace, which corresponded to 4.2%
total phenolic content in the dry matter. The total tannin content of GPE
was 1.92mg/g (tannic acid equivalent) in 100 mg of dried pomace,
which corresponded to 2.03% total tannin content in the dry matter.

3.3. Egg hatch assay

The percentage of inhibition of egg hatch by the GPE and fractions is
presented in Table 1. The GPE significantly (P < .05) inhibited egg
hatching in a dose-dependent manner with an LDs, value of 1.01 mg/
mL. The fractions presented satisfactory inhibition only at the highest
concentration, with LDsq values of 25.6, 9.10, 5.05 and 3.25 mg/mL,
respectively, for FH, FD, FAC and FRA. The use of PVPP decreased GPE
egg hatch inhibition by 15%. Due to its effect on eggs, GPE was the only
extract evaluated in the other in vitro tests.

3.4. Larval development assay

The results obtained showed that GPE had a larvicidal effect. The
GPE blocked the development of L1 to L3 even at the lowest evaluated
concentration (LDso = 0.30 mg/ mL) and increased efficacy in a dose-
dependent manner (P < .05). Inhibition of larval development reached
100% in the positive control and approximately 4% in the negative
control (Table 2).

3.5. Larval migration inhibition assay and scanning electron microscopy
(SEM)

After a 3-hour exposure of the L3 to GPE, 100% inhibition of larval
migration was observed at all concentrations evaluated (Table 2). SEM
micrographs of L3 recovered from the negative control and GPE

Table 1

Percentages of inhibition of egg hatching (mean +
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Table 2

Percentages of inhibition of larval development and inhibition of larval mi-
gration (mean = SD) of sheep gastrointestinal nematodes (95% Haemonchus
contortus) by the grape pomace extract (GPE) and LDsq of the grape pomace
extract (GPE).

Concentration mg/mL LDA LMA

12.5 100.00 + 0.00 * 100.00 + 0.00 *
6.25 100.00 + 0.00 * 100.00 = 0.00 *
3.12 100.00 + 0.00 ° 100.00 = 0.00 *
1.56 92.00 + 5.48° 100.00 + 0.00 *
0.78 82.00 * 7.70° 100.00 = 0.00 *
0.39 62.25 = 1.70 ¢ 100.00 = 0.00 *
0.195 45.12 + 1.52 ¢ 100.00 + 0.00 *
0.097 29.00 + 1.87° 100.00 + 0.00 *
Negative control 4.60 = 1.108 0.00 + 0.00°
Positive control 100.00 + 0.00 * 100.00 = 0.00 *
LDso 0.30 < 0.097

Different small letters in the same column indicate significant differences
(P < .05).

0.78 mg/mL treatment are presented in Figs. 1 and 2, respectively.

4. Discussion

The use of extracts and oils from plants as well as fruit pomace has
been extensively studied as an alternative to anthelmintics in the
treatment of gastrointestinal parasites in sheep [18-22], as they may be
sources of phytoconstituents, which display various biological proper-
ties [22]. However, excessive consumption can pose risks to the health
of animals. It is in this context that plant products already used to feed
animals, such as pomaces generated by fruit processing, are suitable for
anthelmintic evaluation, since several pomaces have pre-set dosage
limits based on experiments with different levels of inclusion in animal
feed [9,23-26]. The grape pomace used in animal feed contains a sig-
nificant quantity of lipids, proteins, non-digestible fibre and minerals.
Oilseeds in grape pomace consist of 13-19% essential fatty acids, and
about 11% protein and 60-70% non-digestible carbohydrates, in ad-
dition to containing non-phenolic antioxidants in the form of toco-
pherols and betacarotenoids [8]. Moreover, grape pomace is rich in
phytoconstituents such as flavonoids, saponins and tannins, which have
many biological properties, including anthelmintic activity
[6,12,27,28]. Several studies have demonstrated the activity of plants
containing tannins in the control of parasitosis in sheep [29-31]. Tan-
nins are known to form strong complexes with proteins and other
macromolecules causing anti-nutritional effect in animals. However,
these effects are more related to the nature of the chemical structure
than to the amount present in the plant [32-34]. Plants as the Dalea
purpa, that produces a moderate concentration of tannins (6-9% DM),
have more beneficial effect [32] than the Onobrychis viciifolia with
lower concentration in tannin (2.5-3.4% DM) [35].

SD) of sheep gastrointestinal nematodes (95% Haemonchus contortus) by the crude grape pomace extract (GPE)

and fractions (FH, FD, FAC and FRA) and LDs, of the crude grape pomace extract (GPE) and fractions (FH, FD, FAC and FRA).

Concentration (mg/mL) GPE FH FD FAC FRA

12.5 100 = 0 337 + 1.5 80.5 + 1.3 982 + 1.2 95.5 + 3.8
6.25 94.0 = 2,94 A 28.0 = 1.4 ¢ 9.0 + 1.4 70.5 + 1.0 °® 74.2 = 3.9
3.12 85.2 + 3.8 6.0 = 1.1 4.2 + 0.5 40.5 + 0.6 <© 47.2 + 0.5
1.56 61.2 + 229 2.8 + 0.8 3.0 = 0.8< 21.7 + 2.3% 20.0 + 0.8
0.78 37.75 + 2.63 A 3.0 = 0.7 32 +1.2°® 155 + 1.1 B 182 + 2298
0.39 28.75 + 2.22 % 33 +1.1° 2.8 + 1.8° 71 + 09 13.2 = 1.5
Negative control 3.8 + 158 3.8 + 1.5° 3.8 + 1.5° 3.8 + 1.5% 3.8 = 1.5
Positive control 100 + 0° 100 £ 0° 100 + 0° 100 £ 0° 100 + 0°
LDso 1.01 25.6 9.10 5.05 3.25

FH - fraction in hexane; FD - fraction in dichloromethane; FAC - fraction in ethyl acetate; FRA - fraction residual aqueous. Small letters compare means between

columns and capital letters compare means between rows (P < .05).
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Fig. 1. SEM micrographs of Haemonchus contortus L3s recuperated from the migration larval assays (MLA) after 3 h of incubation at room temperature with negative

control (5% DMSO).

FEIS-UNES]

Fig. 2. SEM micrographs of Haemonchus contortus L3s recuperated from the migration larval assays (MLA) after 3 h of incubation at room temperature with GPE at

concentration of 0.78 mg/mL.

Recent papers have demonstrated that moderate amounts of tannins
(depending on the type of tannins) can bring benefits such as the pro-
tection of alimentary protein against excessive ruminal degradation,
reduction of ammonia loss and increased absorption of dietary amino
acids in the small intestine which improve digestion and animal per-
formance [33,36-38]. The pomace used in our study contained 4.19%
of total phenols and 2.04% of total tannin in the dry matter.

The results of the EHA, LDA and LMA assays showed that GPE ac-
tively affects the eggs and larvae of GINs. GPE presented high dose-
dependent ovicidal activity, which was only reduced by 15% by the
addition of PVPP when compared with the value obtained at the same
extract concentration in the absence of PVPP. This suggests that the
activity presented by GPE is related to its tannin content; however,
tannins are not solely responsible for the ovicidal activity observed.

The FH, FD, FAC and FRA obtained from fractionation of the crude
GPE also showed ovicidal activity, but at a lower level than the GPE.

In LDA, the effect was dose-dependent and the larvae were more
sensitive to GPE than the eggs, with lower LDs, values. GPE blocked
100% passage from stage L1 to L3 at higher concentrations, and the
larvae recovered from LDA at the lowest concentrations were all dead.
An SEM micrograph obtained from L3 recovered from the negative
control of LMA showed no alterations in the larva’s cylindrical shape or
in its integument (Fig. 1). However, the L3 recovered from the treat-
ment with GPE at the concentration of 0.78 mg/mL had lost its cy-
lindrical shape and the integument was seriously damaged (Fig. 2). In
GPE the active compounds may interact with cell membranes, resulting
in destabilization and subsequent increased cell permeability that fa-
cilitates the action on intracellular proteins in the parasite [39]. How-
ever, other different mechanisms may contributing to the observed ef-
fect.

The present study contributes valuable information regarding the
use of industrial bagasse rich in phytochemicals in veterinary para-
sitology. Phytochemicals such as polyphenols and flavonoids present in
GPE are known for their antioxidant and anti-inflammatory properties
and may promote improvement in the animal's immune system when
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added to the diet, helping to increase resistance to infection [8,40]. GPE
may be a new alternative for the control of gastrointestinal nematodes
in sheep, providing a sustainable method for the organic production of
these animals. In the case of GPE, there is an advantage over the use of
essential oils or medicinal plants, since it has already been evaluated for
use in sheep feed and can be used safely at doses up to 100 g/kg/day
without toxic effects, as reported by Nistor et al. [9] and Baumgértel
et al. [41].

5. Conclusions

In conclusion, our results demonstrate for the first time the an-
thelmintic activity of GPE, which successfully inhibited the hatching,
development and mobility of free-living stages of H. contortus. The re-
sults obtained in this study demonstrate that GPE is a potential source
of bioactive compounds with significant ovicidal and larvicidal prop-
erties. In vitro efficiencies were comparable to a commercial anthel-
mintic; however, further in vivo tests at different concentrations of GPE
are needed to better understand the potential of GPE in sheep parasite
control.
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