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Use of water and ethanol extracts from wine
grape seed pomace to prepare an antioxidant
toothpaste

Emanuela Emmulo,? Brunella Ceccantoni,? Andrea Bellincontro? © and
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Abstract

BACKGROUND: Extracts of fresh wine grape seeds/skin or of grape pomace seeds were used to prepare antioxidant natural
toothpastes.

RESULTS: Ethanol extracted twice more polyphenols than water; ultrasound did not provide any improvement in the extraction.
The addition of freeze-dried ethanol extracts of seeds or skin, at 2% and 10%, to the commercial toothpaste significantly
increased the polyphenol content, both from white grape seeds and skin and from red grape seed pomace. The evaluation
of time stability (shelf life) revealed a decrease, after 4 months, of 3.9% and 9.4% in total polyphenol content, in 5% and
10% water extracts, but not for ethanol extracts. 1,1-Diphenyl-2-picrilhydrazil’ antiradical activity was the highest in 10% of
seed water extract toothpaste and, after 4 months, the activity was stable.

CONCLUSION: Ethanol and water are efficient and safe solvents to create natural toothpaste with grape or pomace seed extract
with antioxidant activity.

© 2021 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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enzymes to convert reactive oxygen species into non-toxic com-
pounds and antioxidant compounds such as f-carotene, retinol,
ascorbic acid, a-tocopherol and selenium.'® In the last decade,
special attention by researchers has been paid to the use of plant
compounds as an antimicrobial component of toothpaste, but in
China the use of herbal extracts in toothpaste is common.'"'?
Most herbal extracts contain flavonoids, tannins and alkaloids. Dif-
ferent flavonoids (apigenin, catechin, luteolin, morin, myricetin,
naringin, quercetin and rutin) have been tested against dental
film bacteria and Candida albicans to prevent candidiasis, through
the inhibition of their growth.'® Polyphenols of coffee, cocoa and
tea beverages have been seen to prevent the cariogenic pro-

INTRODUCTION

Caries and periodontitis are common challenges of our societies
worldwide."? Periodontal diseases are a group of disorders char-
acterized by an inflammatory reaction of periodontium, induced
by bacterial challenge, leading to gingival inflammation, peri-
odontal tissue destruction and alveolar bone loss.? In fact, peri-
odontal diseases occur when pathogenic microbial plaque
interacts with a susceptible host,* and can be prevented mainly
by tooth brushing in combination with toothpaste as well as a
healthy diet (e.g. low sugar intake, no excessive use of erosive
drinks) and lifestyle (e.g. no smoking, low levels of stress, not

being overweight).>® Modern toothpastes contain many different
agents for the prevention of caries and periodontitis, e.g. fluorides
(sodium fluoride, amine fluoride, etc.), chlorhexidine, stannous
and zinc salts, calcium phosphates such as hydroxyapatite or
amorphous calcium phosphates, and surfactants as well as differ-
ent abrasives for efficient plaque removal.” Reactive oxygen mol-
ecules are implicated as pathological mediators in many clinical
disorders,® and periodontal tissue damage is related to oxidative
stress due to host microbial interactions.” Against oxidative dam-
age, living organisms use an antioxidant system consisting of

"(DPPH)

cess.* Use of specific flavonoids, such as (—)-epigallocatechin-
3-gallate in high concentration in tea, maintained the periodontal
ligament cell viability of avulsed teeth.'” Also, the effect of
proanthocyanidin (PA)-rich grape seed extract on the biodegrada-
tion resistance of demineralized root dentine and on the bond
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strength and durability between resin-based sealer and root den-
tine was investigated, providing interesting results in increasing
the resistance of root dentine and bond strength.'®

The recovery of antioxidant compounds from grape pomace
after the vinification process is a research activity that has devel-
oped in the last decade, and several applications in medicine have
been carried out to control hyperglycemia in diabetic mice'” or to
control oxidative stress in obese mice,'® to protect endothelial
and muscle cells through an increase in glutathione (GSH) levels
as potent scavengers of free radicals,'® and providing protection
against colon carcinogenesis.?’ For dental care a recent review
by Delimont and Carlson?' reported that grape seed extract prop-
erties facilitate dental caries prevention, by inhibiting proliferation
of bacterial biofilms on tooth surfaces and promoting dental
remineralization.??

In this research, the general hypothesis has been whether the
potential use of seed polyphenols, mainly tannins, extracted from
grape pomace after the vinification process, in a commercial
toothpaste formulation could enhance its antioxidant activity by
maintaining stability at room temperature. Moreover, an easy-
to-use and low-cost extraction method has been studied and is
reported here.

MATERIALS AND METHODS

Matrices

Two matrices were used: (1) fresh grape of white wine grape vari-
ety Grechetto (Vitis vinifera L.), collecting skin and seeds; (2) pom-
ace of variety Cabernet Sauvignon? after vinification in Airmix®
(Parsec srl, Florence, Italy) fermenter, collecting seeds.

Extraction tests
Fresh grapes of white wine grape variety Grechetto were treated
as follows:

(1) 50 g skin and 50 g seeds of Grechetto berries were collected
and added, separately, with 100 mL distilled water or 60%
(v/v) ethanol (96° Reagent Pure Erba (RPE), Carlo Erba, Milan,
Italy), homogenized with an UltraTurrax T25 at 30 618 X g
for 3 min or by using an ultrasound bath for 5 min; the
extracts were then centrifuged at 4 °C, 21 074 x g for 15 min.
The supernatants were collected and analyzed by high-
performance liquid chromatography (HPLC).

50 g skin and 50 g seeds of Grechetto berries were collected and,
separately, ground using an IKA A11 mill (IKA-Lab, Milan, Italy) for
10 min under liquid nitrogen. The ground samples were added
to 150 mL ethanol (96° RPE, Carlo Erba, Milan, Italy), and left
under stirring in the dark, for 1 h at 20 °C, then centrifuged at
4 °C at 21 074 g for 15 min. The supernatants were recovered,
partially concentrated under vacuum at 4°C in a Rotavapor, then
freeze-dried and stored for the successive analyses.

(2

-

Seeds from Airmix® (Parsec srl, Florence, Italy) vinification pro-
cess of Cabernet Sauvignon variety were treated as follows. The
seeds were frozen under liquid nitrogen and finely ground using
an IKA A11 mill. 200 g grape seed powder was placed ina 2 L glass
bottle, added to distilled water or 60% (v/v) ethanol (96° RPE,
Carlo Erba, Milan, Italy), in a ratio of 1:10, and left to extract under
dark conditions, at 20 °C for 1 h. The extracts were then centri-
fuged at 4°C, at 21074xg for 15 min. The recovered

2,..Cabernet Sauvignon (Vitis vinifera L.)

supernatants were partially concentrated under vacuum at 4 °C
in a Rotavapor, then freeze-dried and stored for analyses. All the
extractions were run in triplicate.

Analyses

The aqueous and ethanolic extracts were characterized by
reversed-phase liquid chromatography using a Dionex chromato-
graph (Dionex Corporation, Sunnyvale, CA, USA), equipped with
P680 quaternary pump, manual injector (Rheodyne) with 20 pL
loop, TCC-100 thermostated oven, PDA 100 detector (photodiode
array detector) and controlled using Chromeleon software (ver-
sion 6.50). The separation was carried out with a Dionex Acclaim®
120 C18 column, 5 pm, 4.6 X 250 mm thermostated at 30 ° C. The
mobile phase consisted of a ternary gradient: solvent
A =50 mmol L™" ammonium dihydrogen phosphate (99% purity)
adjusted to pH 2.6 with phosphoric acid (=85% purity); solvent
B = 20% solvent A and 80% acetonitrile (99.9% purity); solvent
C = 0.2 mol L™" orthophosphoric acid (85% purity) adjusted to
pH 1.5 with NaOH (99.99% purity). All the HPLC reagents were
supplied by the Sigma-Aldrich Chemical Co. The phenolic com-
pounds were identified based on their elution order, the retention
times of pure compounds and the characteristics of their UV-
visible spectra at wavelengths of 280 nm for catechins and ben-
zoic acids, 316 nm for hydrocinnamates, 365 nm for flavonols
and 520 nm for anthocyanins.

Total polyphenol analysis was carried out by the Folin-
Ciocalteu method, expressing data as concentration of gallic
acid equivalents. The analysis of proanthocyanidins (PA) was
carried out following the method reported by Di Stefano
et al.>® The anti-free radical activity against the stable radical
DPPH was assessed by measuring the change in absorbance at
515 nm after 180 min of reaction (time needed to reach the sta-
tionary phase) carried out under dark conditions at 25 °C,
according to the method reported by Bondet et al.** slightly
modified. DPPH (0.06 mmol L™") was prepared daily by diluting
1:10 a solution containing 0.0118 g DPPH in 50 mL MeOH. The
DPPH concentration was corrected appropriately in order to
have the initial absorbance at 515 nm of 3 mL DPPH added to
400 mL MeOH between 0.716 and 0.720. The exact concentra-
tion of DPPH in the cuvette was obtained based on the molar
absorptivity value reported in the literature
(125 mmol L™" c¢m™).2° The test was run by mixing 3 mL of
the DPPH solution and 0.4 mL of extract in a cuvette, at increas-
ing concentrations, diluted in MeOH. The cuvettes were capped
and, after 180 min of reaction at room temperature, the absor-
bance was recorded at 515 nm against pure MeOH. The control
was prepared using 0.4 mL methanol instead of the sample. The
anti-free radical activity was expressed as IC50 (efficient concen-
tration), which represents the concentration of sample in the
cuvette (micrograms of extract per milligram of DPPH or micro-
grams of advanced glycation end-product (AGE) per milligram
of DPPH) necessary to reduce the initial amount of DPPH by
50% radical. In the case of the reference antioxidants, the IC50
value was expressed in micrograms of compound per milligram
of DPPH. The antiradical efficiency (EA) was calculated as the
inverse of 1C50.

The antiradical activity of the extracts was also expressed in
terms of equivalent standard antioxidant capacity (CASE), defined
as the quantity (pg) of reference antioxidant (butylated hydroxya-
nisole, butylated hydroxytoluene, Trolox and a-tocopherol) hav-
ing the same antiradical capacity (50% of DPPH scavenging) of a
microgram of sample.
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Preparation of functional toothpaste

A commercial toothpaste characterized by absence of polyphe-
nols, as validated by our laboratory analysis, has been added to
different percentages of water or ethanolic (60% v/v) extracts of
skin and seeds, extracted as described above, as follow:

+ white grape skin: 2% or 10% ethanol extract;

+ white grape seeds: 2% or 10% ethanol extract;

+ red grape seeds: 2.5% or 5% ethanol extract;

+ red grape seeds: 5% or 10% water extract.

The functional toothpaste was made by mixing the freeze-dried
extract in the appropriate percentages to the commercial tooth-
paste, using a spatula, to obtain a homogeneous paste, which
was placed inside Eppendorf tubes, stored in the dark at room
temperature (20 + 2 °C).

To test the content of total polyphenols and the antioxidant
activity of the different formulations, the samples were previously
frozen and freeze-dried and then analyzed as described above.
Moreover, the shelf life of these toothpastes was monitored after
2 and 4 months at ambient temperature, measuring total poly-
phenols and antioxidant activity.

Finally, the functional prepared toothpastes were compared
with functional commercial toothpaste (tea tree oil, gel dentifrice
végétal, pate dentifrice au ratanhia), which were analyzed for
polyphenol content.

Acceptability test of functional formulations
After the preliminary tests, we decided to concentrate the prepa-
ration of toothpastes only with the seed extracts of Cabernet Sau-
vignon by using selected percentages of extracts. The reason was
that, by using the Airmix® vinification process, we obtained a
large amount of seeds that were easy to remove, while the skin
residues were very thin and completely extracted, which is the
power of this technique. The different experimental formulations
were offered to a group of ten untrained consumers. A 9-point
hedonistic scale was used to measure the preference and accept-
ability of the functional toothpastes.

The samples were presented one at a time as follows:
+ toothpaste containing 5% aqueous grape seed extract;
- toothpaste containing 10% aqueous grape seed extract;
+ toothpaste containing 2.5% ethanol grape seed extract;
» toothpaste containing 5% ethanol grape seed extract.

Each consumer was asked to express their hedonistic evaluation
on the scale. The consumer group was also asked to report
whether the formulations presented abnormal characteristics
compared to common toothpastes in terms of consistency, flavor,
smell and astringency.

Table 1. Extraction methods evaluated by HPLC on the basis of
quercetin concentration (area value in mAu)

Sample Quercetin glucoside (mg L™")
Ethanol/extract 1/4 20.6 £ 2.2a
Ultrasounds + ethanol/extract 1/4 19.7 + 1.6a
Water/extract 1/4 104 £ 1.2b
Ultrasound + water/extract 1/4 12.7 £ 1.0b

Data are the mean of five extracts from different skin samples (+SD). In
the column, different letters indicate significance at P < 0.05.

Statistical analysis

Analysis of variance was performed for the study of data variance,
and the statistical significance of any differences was calculated
by Tukey's b-test at P < 0.05. Calculations were performed in Mini-
tab 15 (Minitab, Inc., State College, PA, USA).

RESULTS AND DISCUSSION

HPLC analysis, conducted on the extracts of fresh white grapes in
the preliminary tests, highlighted the extraction efficiency of
absolute ethanol; regarding flavonol compounds we concen-
trated as a target on quercetin (3,5,7,3',4'-pentahydroxyflavone),
which is the main representative of the flavonol subclass in grape
berry, and it has been shown to have a broad variety of biological
activities and pharmacological actions; these properties are
largely attributed to quercetin's ability to diminish the formation
of reactive oxygen species (ROS) through different mechanisms.?®
Quercetin concentration in ethanol was about double than in the
extracts from water solvent, confirming the observation by Pasini
et al.”” The use of ultrasound did not provide any improvement in
extraction capacity (Table 1). This last finding is in contrast to what
is reported in the literature.”® Moisture content of the sample,
milling degree, particle size and solvent are very important factors
in obtaining efficient and effective extraction. Furthermore, tem-
perature, pressure, frequency and time of sonication are the gov-
erning factors for the action of ultrasound. Too many variables can
affect the performance. Moreover, the effect of solvent (ethanol)
is more important than that of ultrasound; indeed, Rostagno
et al.?® found that ultrasound can improve the extraction yield,
depending on solvent use.

The total polyphenol content in the extracts of seeds and skin
from fresh white grape is reported in Table 2 and compared to
that of commercial toothpaste used for the extract addition. The
total polyphenol content in commercial toothpaste is almost
0, which is why we used this commercial toothpaste as a basis
for extract addition. As expected, the seeds had a higher (almost
double) amount of polyphenols than the skin, being white grape
berries.

Table 2. Total polyphenol content of commercial toothpaste, white
grape ethanol (60% v/v) extracts and commercial toothpaste with
addition of ethanol extracts

Gallic acid equivalents (mg g™

Sample of extract)

Commercial toothpaste 3.6 +0.3e

Seed extract 521.1 £10.6a

Skin extract 285.7 £ 10.2c

Commercial toothpaste + 2% 4.3 £ 0.3de
seed extract

Commercial toothpaste + 2% 3.9+ 0.1de
skin extract

Commercial toothpaste + 10% 28.1 £1.9b
seed extract

Commercial toothpaste + 10% 49 + 1.4d

skin extract

Data are the mean of five extracts from different seeds and skin sam-
ples (£SD). In the column, different letters indicate significance
at p < 0.05.
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The addition of 2% or 10% freeze-dried ethanol extracts of
seeds or skin to the commercial toothpaste significantly increased
the polyphenol content in the commercial toothpaste + seed
extract 10% sample, compared to that with 2% of extract, whereas
the difference was not significant between 2% and 10% for the

Table 3. Total polyphenol content in seed water and ethanol (60%
v/v) extracts of Cabernet Sauvignon, in commercial toothpaste with
addition of 10% extract, and in commercial functional toothpastes

Gallic acid equivalents

Sample (mg g~ of extract)

Seed water extract 74.5 + 6.4b

Seed ethanol extract 263.9 £ 26.3a

Commercial toothpaste + 5% seed 45 + 0.4f
water extract

Commercial toothpaste + 10% seed 9.2+ 1.1e
water extract

Commercial toothpaste + 2.5% seed 20.1 + 3.2d
ethanol extract

Commercial toothpaste + 5% seed 30.7 + 4.0c
ethanol extract

Tea tree oil Trace

Gel dentifrice végétal Trace

Pate dentifrice au ratanhia Trace

Data are the mean of five extracts from different skin or seed samples
(£SD). In the column, different letters indicate significance at P < 0.05.

skin extract samples (Table 2). This last result can probably be
attributed to the rapid oxidability of the extract when it is in low
concentration in the toothpaste.

In the second part of the research, temporally speaking, Caber-
net Sauvignon pomace (mainly seeds) after the Airmix® vinifica-
tion process was analyzed for total polyphenol content in water
and ethanol extracts (Table 3). The much lower content in Caber-
net seed extract than that in white grape skin and seed extracts is
mainly due to most polyphenols having been extracted during
vinification. However, the strong ability of ethanol to extract poly-
phenols - almost sevenfold more than water — was confirmed.
The concentrations were slightly higher than expected, as per-
centages of added extracts, due to the rapid evaporation of water
from the paste during the analysis procedure. The functional com-
mercial toothpaste (tea tree oil, gel dentifrice végétal, pate denti-
frice au ratanhia) did not show any polyphenol content; this
seems strange because these toothpastes contain herb extracts
generally known for their high content of polyphenols. It is likely
that the drying method and/or storage conditions contributed
to phenol loss.

The same procedure used for white grape skin and seed extract
was followed for Cabernet Sauvignon seed extract, but using
freeze-dried water extract and ethanol extract to add to the com-
mercial toothpaste. The evaluation of time stability (shelf life;
Table 4) revealed a 3.9% and 9.4% decrease in total polyphenol
content, after 2 months, respectively, in 5% and 10% water
extracts; this loss persisted after 4 months. In contrast, the ethanol
extract toothpastes showed a 3.5% and 3.7% increase after
2 months, which remained after 4 months; this light concentra-
tion effect for the ethanol extract samples is due to the greater

Table 4. Changes in total polyphenol content after 2 and 4 months of toothpaste storage at room temperature, and antioxidant activity (micro-
grams of advanced glycation end-product (AGE) per milligram of DDPH) at the time of preparation and after 2 and 4 months at room temperature

Change in polyphenols (%)

ng AGE mg™' DDPH

After 2 months  After 4 months Initial After 2 months  After 4 months
Commercial toothpaste + 5% seed water extract -39 -39 317.8 £10.3d 383.6 £ 10.6b 561.5 + 20.2a
Commercial toothpaste + 10% seed water extract -94 -75 162.7+7.0¢9 1636+79¢g 261.3 = 10.0e
Commercial toothpaste + 2.5% seed ethanol extract 37 37 347.0 £ 15.0c 355.2 £ 11.2bc 564.5 + 20.6a
Commercial toothpaste + 5% seed ethanol extract 35 35 198.3 + 16.0f 2213 £ 11.2f 288.8 £ 13.1e

indicate significance at P < 0.05.

Data are the mean of five extracts from different seed samples (+SD). In each column of antioxidant activity (ug AGE mg™' DDPH), different letters

the first column

Commercial toothpaste
+ 5% seed water extract

Table 5. Acceptability tests of the experimental toothpastes. Data report the number of untrained tasters who expressed the acceptability terms of

Commercial toothpaste
+ 10% seed water extract

Commercial toothpaste
+ 2.5% seed ethanol extract

Commercial toothpaste
+ 5% seed ethanol extract

Pleasant 3 0

Slightly pleasant 3 1

Neither pleasant 4 6
nor unpleasant

Slightly 0 3
unpleasant

Unpleasant 0 0

1
1

8 7
0 0
0 0
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evaporation coefficient of ethanol than water. With regard to anti-
radical activity, the lowest value, and thus the highest antioxidant
power, was found in the samples with 10% of seed water extract
and remained the lowest also during storage (Table 4). The lowest
antioxidant activity was for the samples with the lowest amount
of seed extract both for water and for ethanol. However, after
4 months, the antioxidant activities of the 10% seed water extract
and 5% seed ethanol extract were similar, meaning that ethanol
had a better preservation action than water. The highest anti-free
radical activity against the stable radical DPPH, shown by the sam-
ple with 10% of seed water extract, was unexpected because the
total polyphenol content in seed water extract was significantly
lower than that in seed ethanol extract, as shown in Table 3, and
also polyphenols showed reduced concentrations after 2 and
4 months (Table 4). We assume that this could be due to the anti-
oxidant effect of different classes of polyphenols but, overall, the
result of extraction of the seed lipid fraction by ethanol. In grape
seeds the most concentrated class is flavanols, proanthocyanidins
or condensed tannins, which have a strong antioxidant activity
and have been studied for their important role in dental caries
prevention.?’ Depending on the solvent used or on the method
of extraction, lipids are more or less intensively extracted and it
is known that oil has very moderate antiradical activity, as deter-
mined by DPPH radical scavenging, in contrast to the strong anti-
radical activity of polyphenols; but, overall, the lipid fraction is
easily oxidizable, producing a radical which increases the oxidabil-
ity of the substrate.>°

Most of the samples were judged as ‘neither pleasant nor
unpleasant’; this is probably due to the fact that, as expressed
by many, the flavor of the extracts was masked by the mint flavor
of the commercial toothpaste base. The toothpaste with 10%
seed water extract was considered by three judges to be ‘slightly
unpleasant’. The observations reported by two of these three
judges were: ‘the toothpaste has a bitter taste’ and ‘toothpaste
reminds me of wet grass.’ Toothpastes with seed ethanol extracts
had almost the same level of appreciation. In contrast, the most
appreciated toothpaste was the one with 5% seed water extract.
This can be attributed to this sample having the lowest concentra-
tion of proanthocyanidins; indeed, in seeds, they are less polymer-
ized than in skins, greatly affecting the astringency and
acceptability of the wine (Table 5).3'

CONCLUSIONS

White or red grape pomace extracts can be used to produce sta-
ble toothpastes at room temperature which have a significant
antioxidant activity. Ethanol is the best solvent but also water
could be used; under our conditions the use of an ultrasonic bath
did not show any improvement in extraction. In terms of con-
sumer appreciation at a laboratory sensory test, the commercial
toothpaste + 5% seed water extract was considered pleasant or
slightly pleasant. An easy, low-cost, and sustainable method to
produce toothpaste by valorizing vinification byproducts is
proposed.
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