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Streszczenie

Wspolczesna stomatologia stale poszukuje rozwigzan opartych na substancjach
naturalnego pochodzenia, ktéore moga stanowi¢ alternatywe lub uzupelnienie profilaktyki
1 leczenia choréb jamy ustnej. Rosliny rodziny kapustowatych Brassicaceae sa zroédtem
bioaktywnych sktadnikow takich jak tioglikozydy. Najliczniej wystepujacymi tioglikozydami
sg sinalbina obecna w gorczycy bialej Sinapis alba oraz sinigrina, wystepujaca w gorczycy
czarnej Brassica nigra i gorczycy brazowej Brassica juncea [1,2]. Produktem ich metabolicznej
przemiany, zachodzacej w nasionach przy udziale enzymu myrozyny, jest izotiocyjanian allilu
(AITC)[3]. Jest to zwiazek wykazujacy dziatanie przeciwbakteryjne, przeciwzapalne

1 przeciwgrzybicze.

Dotychczasowe badania dotyczace zastosowania glukozynolanow, a zwlaszcza
izotiocyjaniandw (AITC), wykonane byly glownie na modelach zwierzecych i w fazie
przedklinicznej. Ich potencjal terapeutyczny w stomatologii nie zostal do tej pory zbadany.
Celem niniejszej pracy jest ocena kliniczna mozliwo$ci oraz skuteczno$ci zastosowania
tioglikozydéw jako sktadnikow wspomagajacych w produktach do domowej higieny jamy

ustne;j.

Ponizsza dysertacja sktada si¢ z dwoch oryginalnych prac, bedacych wynikiem
randomizowanych badan klinicznych dotyczacych klinicznej oceny zastosowania produktow
do domowej higieny jamy ustnej wzbogaconych ekstraktem z gorczycy. Zaprezentowano
kompleksowe podejscie do oceny skutecznosci wyciggdéw z gorczycy bialej jako
wspomagajacej terapii leczenia zapalenia dzigsel, redukcji ptytki nazebnej oraz ryzyka

prochnicy zaré6wno na poziomie mikrobiologicznym, jak i klinicznym.

Pierwsza z publikacji ,, Clinical Effect of Thioglycosides Extracted from White Mustard
on Dental Plaque and Gingivitis: Randomized, Single-Blinded Clinical Trial.” prezentuje
wyniki rocznego badania klinicznego, w ktorym oceniano wplyw pasty do zgbow zawierajacej
tioglikozydy wyizolowane z nasion gorczycy bialej (odmiana ,,Bamberka”) na warto$ci
wskaznikow ptytki nazgbnej (PI, API) oraz zapalenia dzigset (BoP i GI). U pacjentow
stosujacych wzbogacong paste odnotowano istotng redukcje wszystkich parametrow
periodontologicznych w porownaniu do grupy kontrolnej. Efekty te byty najbardziej widoczne

po pierwszych 6 miesigcach stosowania i utrzymaly si¢ do konca badania. Wyniki te



potwierdzaja skuteczno$¢ miejscowego stosowania tioglikozydow jako skladnika

wspomagajacego leczenie zapalen dzigset.

Druga publikacja ,, The Clinical and Antibacterial Effects of a Herbal Toothpaste
Containing White Mustard Sinapis alba Extract: A Randomized Clinical Trial.” przedstawia
wyniki randomizowanego, podwojnie zaslepionego badania klinicznego, w ktérym, oprocz
obserwacji klinicznej, dodatkowo porownano dziatanie przeciwbakteryjne eksperymentalnej
pasty.

Po 4 tygodniach stosowania zaobserwowano statystycznie istotng redukcj¢ ilosci kolonii
Streptococcus mutans 1 Lactobacillus spp. w $linie badanej populacji pacjentéw, a takze
obnizenie warto$ci wskaznikow PI 1 BoP. Wyniki te wskazuja, ze bioaktywne zwiazki gorczycy
moga efektywnie redukowa¢ miano bakterii kariogennych w jamie ustnej i zmniejszac stan
zapalny dzigsel, co sugeruje mozliwos¢ ich zastosowania w profilaktyce prochnicy i chorob

przyzebia.

Przedstawiona praca wypeknia istniejaca luke badawcza w zakresie stomatologicznego
zastosowania gorczycy biatej. Jest to pierwsze badanie in vivo, w ktorym implementuje si¢
wlasciwosci tioglikozydéw w stomatologii. Wnioski ptynace z zaprezentowanych badan moga
stanowi¢ punkt wyjscia do dalszych badan, co przyczyni¢ si¢ moze do opracowania nowych

produktow do higieny jamy ustnej pochodzenia roslinnego.



Abstract

Title: Clinical and Microbiological Evaluation of the Implact of Thioglycosides
Extracted from White Mustard on Oral Hygiene.

Contemporary dentistry explores natural substances as alternative or adjunctive agents
for the prevention and treatment of oral diseases. Plants from Brassicaceae family are
a particularly rich source of bioactive compounds, mostly thioglycosides. The most common
thioglycosides are sinalbin in white mustard (Sinapis alba) and sinigrin in black mustard
(Brassica nigra) and brown mustard (Brassica juncea). Their enzymatic conversion by seed
myrosinase produces allyl isothiocyanate (AITC), a molecule with pronounced antibacterial,

anti-inflammatory and antifungal activities.

To date only in-vitro investigations on glucosinolates especially isothiocyanates was
performed on animal models. Their therapeutic potential in dentistry has remained unexplored.
The present dissertation aims to provide a clinical evaluation of the ability and efficacy

of incorporating thioglycosides into homecare oral hygiene products.

The thesis consists of two original papers, randomised clinical trials that assessed
toothpastes augmented with white-mustard extract. Together, they offer a comprehensive
evaluation of the extract as an adjunct in gingivitis management, dental-plaque reduction and

caries-risk mitigation at both microbiological and clinical levels.

The first publication, “Clinical Effect of Thioglycosides Extracted from White Mustard
on Dental Plaque and Gingivitis: Randomized, Single-Blinded Clinical Trial”, reports
a 12-month study in which a toothpaste containing thioglycosides from the low-erucic cultivar
‘Bamberka’ was evaluated for its impact on plaque indices (PI, API) and gingival parameters
(BoP, GI). Participants using the enriched formulation exhibited a significant reduction in all
periodontal parameters versus controls, with the most pronounced benefits observed at six
months and persisting throughout the study. These findings substantiate the value of topical

thioglycosides as adjuncts in gingivitis therapy.

The second publication, “The Clinical and Antibacterial Effects of a Herbal Toothpaste

Containing White Mustard Sinapis alba Extract: A Randomized Clinical Trial”, describes



a double-blind, randomised clinical trial that extended the assessment to antibacterial
outcomes. After four weeks, statistically significant reductions in salivary Streptococcus
mutans and Lactobacillus spp. counts were recorded in the test group, accompanied
by improvements in PI and BoP. These results demonstrate that mustard-derived bioactives can
effectively lower cariogenic bacterial loads and decrease gingival inflammation, suggesting

their utility in caries and periodontal-disease prevention.

This dissertation addresses a previously unmet research need regarding the dental
application of white-mustard thioglycosides. It represents the first in-vivo implementation
of these compounds within a dental context. The conclusions drawn lay a foundation for future
investigations and the development of plant-based oral-care products with validated clinical

efficacy.
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Wstep

Gorczyca biala (Sinapis spp.) to jednoroczna roslina nalezgca do rodziny kapustowatych
(Brassicaceae, dawniej Cruciferae). Uprawiana jest powszechnie w strefach klimatu
umiarkowanego Europy, Azji i Ameryki Potnocnej. Zmiazdzone lub zmacerowane nasiona od
wiekow stosowane byly w tradycyjnej medycynie jako sktadniki rozgrzewajacych oktadow
oraz $rodkéw wspomagajacych trawienie. Ze wzgledu na szeroka dostgpnos¢, niski koszt

oraz tatwo$¢ uprawy, gorczyca stanowi istotny surowiec w przemysle spozywczym.

Istotnym ograniczeniem w stosowaniu gorczycy jest obecnos¢ w oleju z nasion kwasu
erukowego. Jest to nienasycony kwas thuszczowy obecny we wszystkich roslinach z rodziny
kapustowatych. Wykazuje on dzialanie szkodliwe szczegélnie dla uktadu sercowo-
naczyniowego oraz toksyczno$¢ w duzych stezeniach [4]. EFSA zaleca ograniczenie st¢zenia
kwasu erukowego w zywnosci do 2% [5,6]. Wprowadzenie odmian niskoerukowowych lub
zeroerukowych, takich jak opracowana i uprawiana w Polsce odmiana ,,Bamberka” o <0.5 %

zawarto$ci kwasu erukowego zwigkszyto potencjat stosowania gorczycy [7].

W $wietle wspodtczesnej wiedzy, nasiona gorczycy stanowig bogate zrédto zwiazkow
bioaktywnych. Profil chemiczny gorczycy obejmuje glukozynolany - tioglikozydy, flawonoidy,
kwasy tluszczowe, biatka oraz olejki eteryczne. Hydroliza tioglikozydow przez endogenny
enzym mirozynaz¢ prowadzi do powstania izotiocyjanianéw, mi¢dzy innymi izotiocyjanianu
allilu (AITC). Badania in vitro wykazaly jego wlasciwosci przeciwbakteryjne oraz
przeciwzapalne [8,9]. AITC wykazuje réwniez dziatanie przeciwgrzybicze hamujac
wzrost Candida albicans w st¢zeniach MIC 0,125-0,5 mM. Badania in vitro dowodza, ze AITC
jest odpowiedzialny za uszkodzenie integralno$ci blony komorkowej, zmniejszenie adhezji do
nabtonka i hamowanie tworzenia strzgpek, ograniczajagc inwazj¢ tkankowa [10]. Dziatanie
przeciwzapalne AITC polega na blokowaniu kluczowych enzymoéw takich jak
cyklooksygenaza-2 (COX-2). W modelach zwierz¢cych obserwowana byta obnizona ekspresja

cytokin prozapalnych TNF-a i IL-6 [11,12].

Obecnos¢ flawonoidow oraz tokoferoli stanowi o potencjale antyoksydacyjnym
gorczycy. Sktadniki te neutralizujag wolne rodniki tlenowe ROS i uczestnicza w ochronie
struktur komoérkowych przed uszkodzeniem oksydacyjnym [13]. Maja pozytywny wpltyw
na uktad sercowo-naczyniowy i potencjalnie spowalniaja rozw¢j choréb neurodegeneracyjnych

[14].
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Z tego wzgledu nasiona gorczycy sa cennym surowcem w produkcji olejow

funkcjonalnych, suplementow diety, fitofarmaceutykow oraz lekow.

Nasiona gorczycy zawieraja albuminy 2S (Sin a 1 1 Sin a 2), petnigce funkcje biatek
zapasowych. Zostaly zidentyfikowane jako gtowne alergeny powodujac reakcje IgE zalezne
[15]. Niemniej jednak reakcja alergiczna wystgpuje stosunkowo rzadko, ze wzgledu na
zewnetrzny charakter aplikacji, ktory skutkuje mniejsza ekspozycja. Dostgpna literatura

opisuje gldwnie alergie pokarmowe [16].

Mimo wielu wymienionych powyzej wlasciwosci biologicznych, ros$liny z rodziny
kapustowatych nie znalazly zastosowania w stomatologii. Warto nadmieni¢, ze w tradycyjne;j
medycynie azjatyckiej od wiekdw do higieny jamy ustnej stosuje si¢ patyczki z drzewa
arakowego Salvadora Persica (ang.Mustard Tree). Mimo, 1z drzewo arakowe pochodzi z innej

rodziny ro$lin, jest bogate w AITC, co odpowiada za jego przeciwprdchnicowe wlasciwosci.

Brak oceny klinicznej zastosowania pochodnych gorczycy w stomatologii stanowi luke
badawcza, na ktdrg odpowiedzig jest ponizsza rozprawa. Sktada si¢ ona z dwdch publikacji
bedacych wynikiem przeprowadzonych randomizowanych badan klinicznych. W pierwszym
oceniany jest wptyw tioglikozydéw ekstrahowanych z gorczycy 1 ich przeciwzapalnych
wlasciwosci na zmian¢ warto$ci wskaznikow zapalenia dzigset oraz zalegania plytki
bakteryjnej. W drugim dodatkowo badana jest wlasciwo$¢ przeciwbakteryjna poprzez badanie
oceng ilosci kolonii bakterii prochnicowych w jamie ustnej oraz zwigzanego z tym ryzyka

prochnicy.

Zalozenia i cel pracy
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Stosowanie preparatow roslinnych jako terapii alternatywnych lub uzupetniajacych
stanowi obszar otwartej dyskusji [17]. W zwiazku z obecnoscig dowodow naukowych w postaci
badan in vitro dotyczacych przeciwzapalnych i przeciwbakteryjnych wtasciwosci glikozydow,

zasadnym jest postawienie pytania o mozliwosci ich zastosowania w stomatologii.

Glownym celem pracy jest kliniczna ocena tioglikozydow obecnych w ekstrakcie
z bialej gorczycy (Sinpsis alba) — odmiana ,Bamberka” w kontekScie jej mozliwosci

zastosowania w stomatologii.
Cel gtowny realizowany byt w oparciu o cele szczegdtowe:

- Ocena wplywu stosowania eksperymentalnej pasty na parametry ptytki (API, PI)
oraz parametry zapalenia dzigsel (GI i BoP).

- Ocena skuteczno$ci dziatania przeciwbakteryjnego, w konteks$cie zmniejszenia miana bakterii

prochnicowych Streptococcus mutans 1 Lactobacillus spp. w $linie.

- Ocena dynamiki i trwato$ci odpowiedzi terapeutycznej na sktadniki gorczycy w stosowanej

pascie.

- Analiza sensoryczna dotyczaca smaku, zapachu i ewentualnych problemow zwigzanych

z codziennym stosowaniem gorczycy w eksperymentalnej pascie.
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Abstract: The antibacterial and anti-inflammatory effect of thioglycosides has already been estab-
lished. This study investigates the effects of thioglycosides extracted from white mustard, specifically
the “Bamberka” variety, in the context of oral hygiene. The aim of the study is to clarify an evidence-
based link between the documented antibacterial and anti-inflammatory effects attributed to thiogly-
cosides and their practical application in oral care. A randomized, single-blinded (patient-blinded)
clinical study was performed on 66 patients using mustard-based toothpaste for oral hygiene. The
patients were examined at baseline and after 6 and 12 months. The values of the Approximal Plaque
Index (API), the Plaque Index (PI), and Bleeding on probing (BOP) were taken into consideration.
The results show a significant reduction in plaque accumulation, especially after 6 months of using
mustard-based toothpaste in all examined parameters. This suggests that thioglycosides from mus-
tard contribute to a considerable decrease in dental plaque accumulation, confirming their potential
in natural oral care solutions, which is indicated in the main conclusions or interpretations.

Keywords: thioglycosides; white mustard; dental plaque; gingivitis; plant-based products; oral
hygiene; toothpaste; dentistry

1. Introduction

Dental plaque is considered the main etiologic agent in the indication of caries, gingivi-
tis, and its progress to periodontitis. Gingivitis is an inflammatory condition of the gingiva
characterized by edema, redness, and bleeding upon probing [1]. Mechanical removal
of dental plaque is generally acknowledged as an effective measure for controlling the
progression of dental caries and periodontal diseases [2].

Dental plaque biofilm with the composition of specific bacteria species enhances the
inflammation process, which is responsible for the development of periodontal diseases.
The relationship between the presence of dental plaque and periodontitis was a main
figure of periodontal consensuses leading to the new Classification of Periodontal and
Peri-Implant Diseases and Conditions (2017) [3].

Periodontitis, a chronic inflammation of tooth-supporting structures, is a multifactorial
disease. Severe periodontitis affects 10-15% of the population, and it is the main reason
for tooth loss and the sixth most prevalent condition worldwide [4]. Periodontitis is the
result of nontreated gingival inflammation connected to bacterial plaque accumulation.
Favorable factors causing the disease are smoking [5], immunosuppression [6], diabetes [7],
and genetic polymorphism of genes related to the production of inflammatory cytokines
and the alteration of leucocytes [6].

The definition of healthy gingiva has also been reconsidered. It now focuses on the
absence of visual signs of inflammation and bleeding [8]. The therapeutic approach is
mainly focused on removing biofilm, which consists of bacteria, which is mostly covered
by home oral care [6,7]. The gold standard in non-surgical periodontal treatment is scaling

Int. ]. Mol. Sci. 2024, 25, 5290. https:/ /doi.org/10.3390/ijms25105290
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and root planning (SRP) [9]. It is mainly focused on the manual removal of biofilm and
calculous and smoothening of the root surfaces.

To improve outcomes and avoid bacteria recolonization, ancillary therapies like probi-
otics [10], chlorohexidine, photodynamic treatment [11], and ozone application [12] have
been considered. Many plant additions have also been recently evaluated. In the dynamic
growth of plant-based oral care products, a diverse array of natural ingredients has played a
prominent role [3]. Among these, plants like Neem, Miswak, Aloe Vera, Rheum palmatum,
and Rhamnus frangula stand out for their unique salutogenic properties [10].

The expanding realm of plant-based tooth products shows a rich variety of botanical
ingredients. Neem, esteemed for its potent antimicrobial properties derived from com-
pounds like nimbin and azadirachtin, acts as a natural shield against oral bacteria [13-20].
Miswak, sourced from the Salvadora persica tree, has been traditionally revered for its
natural dental hygiene benefits, attributed to its silica content and alkaloids [20-24]. Aloe
Vera, known for its soothing and anti-inflammatory properties, finds application in oral
care formulations to alleviate discomfort and promote healing. Rheum palmatum, a herb
with roots in traditional medicine, has been associated with potential antioxidant and anti-
inflammatory effects [25]. Rhamnus frangula, derived from the buckthorn plant, adds to
the holistic approach of plant-based oral care with its potential as a herbal remedy [26-28].

The relationship between a decrease in gingivitis and plant-based resources like
postbiotics and Aloe Barbadensis leaf juice is constantly being investigated [29]. Nevertheless,
a knowledge gap in how to use thioglycosides in dentistry still exists.

Thioglycosides, as presented in Figure 1, are a type of chemical compound charac-
terized by the presence of a sulfur atom within the glycosidic bond. Structurally, they
are glycosides in which the oxygen atom in the glycosidic linkage is replaced by a sulfur
atom. Glycosides, in general, are compounds in which a sugar molecule (glycone) is bound
to a non-sugar molecule (aglycone) via a glycosidic bond. In the case of thioglycosides,
the aglycone portion of the molecule is often a sulfur-containing compound. The sulfur
atom introduces unique chemical and biological properties to thioglycosides, and these
compounds are found in various plants across different families [30,31].

OH o
HO
(0] S (l)—ﬁ:O
—N O
HO
OH R

Figure 1. General molecular formula of thioglycosides. R—amino acid group.

Thioglycosides are a group of bioactive compounds renowned for their potential
health benefits and are abundantly present in various plants that contribute to their overall
health-promoting profile. They are present in various plant sources, mainly Cruciferae
and Brassicale including Broccoli, Horseradish, Cauliflower, Brussels Sprout, and Mus-
tard. Scientific investigations into thioglycosides have revealed compelling evidence of
their antibacterial and anti-inflammatory effects [32]. These compounds might exhibit the
potential to inhibit the growth of oral bacteria, including Streptococcus mutans, and miti-
gate inflammatory processes in the oral cavity, but there is no evidence in clinical studies.
Understanding these effects is crucial as we explore the application of thioglycosides in
natural oral care solutions [33,34].

One well-known example of a thioglycoside is allyl isothiocyanate, which is produced
by the breakdown of substances and is commonly found in plants like mustard. Allyl
isothiocyanate is responsible for the pungent flavor in mustard and exhibits antimicrobial
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properties, contributing to its traditional use as a preservative [35,36]. The chemical process
of transition of thioglycoside into allyl isothiocyanate is described in Figure 2.
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Figure 2. Thioglycosides’ transitions.

These bioactive compounds, present in the mustard plant, have sparked scientific
interest due to their potential health benefits. It has been known since prehistoric times
that they possess a high level of bioactive ingredients. The most common species are white
mustard (Sinapsis alba L.), black mustard (Brassica nigra L.), brown mustard (Brassica juncea
L.), Ethiopian mustard (Brassica carinata A. Braun), rocket (Brassica eruca L.), and wild
mustard (Sinapsis arvensis L.) [37]. White mustard, a common culinary ingredient and
a plant readily available in our European climate, traditionally valued for its distinctive
flavor, adds an intriguing dimension to our study [38—41].

In recent years, Pietka et al. presented a new variety of zero-erucic white mustard
called “Bamberka” [42]. The major benefit of this new variety is the reduction in the level of
erucic acid in mustard oil, which has negative health implications [43]. The European Food
Safety Authority (EFSA) states that the tolerable daily intake of erucic acid is 7 mg/kg body
weight [43]. The next most important factor is the high concentration of thioglycosides in
the ‘Bamberka’ variety. For a long time, white mustard has been used to produce spices,
including mustard, as well as in herbal medicine in the form of an extract from mustard
seeds (whole or fragmented) [44]. Aqueous extracts contain slimes and thioglycosides.
They are used orally as a protectivum. White mustard seeds contain thioglycosides, mainly
sinalbin, as presented in Figure 3.
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Figure 3. Sinalbin, the main thioglycoside of white mustard.

Seed fragmentation leads to myrosinase enzyme release from other parts of seeds.
Myrosinase leads to a cyclic transition of thioglycosides to their derivatives, which are
fat-soluble [45]. These compounds are responsible for mustard’s pungent taste.

Previous studies have mainly focused on the derivatives of thioglycosides obtained
from the mustard plant [46].

There is a knowledge gap in the use of mustard-based products in oral healthcare
products. No correlation has been found in the literature. There has been no clinical study
disclosing the effect of mustard on periodontal health. Our study is the first clinical trial to
fill this gap in science.

The aim of this study was to evaluate the effect of thioglycosides extracted from white
mustard “Bamberka” on dental plaque and gingival inflammation. This study aims to
establish a concrete and evidence-based link between the documented antibacterial [47-49]
and anti-inflammatory effects attributed to thioglycosides and their practical application in
oral care. By focusing on patients using mustard-based toothpaste, we aim to elucidate how
this natural component, rich in thioglycosides, may play an essential role in promoting oral
health. This exploration may develop a bridge between traditional plant-based knowledge
and modern oral care practices regarding mustard and its bioactive compounds using
evidence-based procedures.

2. Results

Initially, 149 patients were screened, 16 were excluded, 133 were enrolled in the study,
66 patients were allocated to the intervention with toothpaste containing thioglucosides,
and 67 patients were allocated to the control group—use of toothpaste without thiogluco-
sides. Four patients were lost during follow-up. A flow chart of the study is shown as a
CONSORT flow diagram in Figure 4.

The results for PI, API, and BoP divided into groups and study periods (To, T1, and
T,) are charted and presented in Table 1. Plaque Index and API Index measurements are
shown in Figures 5 and 6.

A significant change was observed in each examined group, but the most significant
reduction in plaque accumulation was observed after 6 months, especially in the high-
DMFT-PD(—) and high-DMFT-PD(+) study groups. The difference between 6 months
(T1) and 12 months (T5) indicated a progression, but not as rapid. The results of intra
and intergroup comparisons using ANOVA one-way analysis of variance with repeated
measures showed that there was a significant difference between the variables, F = 44.34,
p < 0.05. Descriptive statistics are presented in Table 1.
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Figure 4. CONSORT diagram showing the study outline.
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Table 1. Clinical parameters: PI, API, and BoP at baseline (Ty), 6 months (T;), and 12 months (T5).

API PI BOP
Group N Time Mean Significance * Mean Significance * Mean Significance *
(SD) (SD) (SD)
22 To 36.4 (19.5) A 3.38 (1.13) a 329 (10.2) A
low DMFT-PD (—) 22 Ty 19.8 (15.2) B 1.83 (0.42) b 25.0 (6.0) B
20 T2 15.2 (13.6) C 1.48 (0.33) b 22.0(5.0) C
19 Ty 39.4 (20.6) D 3.78 (0.72) c 46.8 (84) D
high DMFT-PD (-) 19 T1 20.4 (16.6) B 1.25 (0.52) d 28.0 (12.0) E
19 T, 16.9 (12.3) C 0.76 (0.48) e 20.0 (7.0) F
25 Ty 60.2 (35.2) E 4.35 (0.58) f 60.1 (12.2) G
high DMFT-PD (+) 23 Tq 35.5(19.5) A 2.15 (0.76) g 25.0(6.2) B
23 T, 28.5 (16.8) G 1.42 (0.82) b 22.0(5.5) C
22 To 37.5(22.6) A 3.25(1.24) a 31.2(10.1) A
) C"]‘D‘;‘;Tg_gsl(’_) 20 T,  313(15.1) G 2.52 (1.09) h 28.0 (9.0) E
ow 20 T,  256(12.8) F 2.19 (0.89) g 26.0 (10.1) B
20 Ty 38.5(25.9) D 3.82(1.13) c 45.0 (8.1) D
hii";ﬁé%’;]‘)‘f(’_) 20 T, 292(121) G 275 (1.15) h 302 (15.2) E
& 19 T, 23.3(9.5) F 2.45 (1.04) h 28.3 (12.6) H
25 Ty 59.5 (19.6) E 4.55 (0.98) f 58.0 (15.4) G
hic}‘l”]‘)%_';gp( 5 B T 4020129 H 2.84 (1.19) h 39.2 (20.3) i
& 25 T, 35.5(20.2) I 2.25(1.32) h 33.5(18.2) J
DMFT—Decayed, Missing, Filled Tooth index, PD—Periodontal Disease N—Number of patients, Ty, ,—Time
periods of study, API—Approximal Plaque Index, PI—Plaque Index, BOP—Bleeding on probing, SD—Standard
Deviation, * significant intragroup and intergroup differences assessed using Dunn’s post hoc test. * The means
with the same letters (capital, small, or italics) are not significantly different (p > 0.05).
Plague Index
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Figure 5. Illustration of changes in PI in each group during the study.
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Figure 6. Illustration of changes in API in each group during the study.

2.1. Plaque Index (PI) Measurement Results

On the basis of clinical assessment, no significant differences were found between
the groups. Mean PI values were lowest in the low-DMFT-PD(—) group and high-DMFT-
PD(—) group, amounting to 3.38 in the low-DMFT-PD(—) group and 3.78 in the high-DMFT-
PD(—) group, respectively. The highest mean PI level was observed in the high-DMFT-
PD(+) group (PI = 4.35). The mean PI value in the control group in the initial examination
was 4.05.

PI levels changed dynamically over 6 and 12 months in the test groups, presenting
a downward trend. The observed changes in numerical values of the Plaque Index were
statistically significant. The biggest decrease was observed in the high-DMFI-PD(—) and
high-DMFT-PD(+) groups. In the final examination, in the high DMFT-PD(+) group, the
mean PI value (1.42) reached levels similar to the low-DMFT-PD(—) group. The lowest PI
level, amounting to 0.76, was observed in the high-DMFT-PD(—) group. The most dynamic
changes were observed after the first six months of the trial. In all groups, a statistically
significant decrease in the PI value was observed. Over the next six months, the dynamics
of the shift decreased. It was the most prominent in the high-DMFT-PD(+) group. In the
control groups, a stable decrease in mean PI values could be observed, compared to the
experimental groups. In the final examination, the mean values of the PI index in the
control groups were significantly lower than the initial values in these groups.

2.2. Approximal Plague Index (API) Results

We observed the lowest APl initially in the low-DMFT-PD(—) and high-DMFT-PD(—)
groups, while the high-DMFT-PD(+) group showed the highest value. Dynamic decreases
in mean API values (—16.6; —19.0; —24.7; —10.2) were observed in all groups after 6 months
(T1). Then, after 12 months (T), a reduction was still visible but much lower (—4.6; —3.5;
—7.0; —4.7). In the high-DMFT-PD(—) and high-DMFT-PD(+) groups, the plaque reduction
was the highest. Visualization of the above results is presented in Figure 6.
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2.3. Bleeding on Probing Index (BoP) Results

The most distinctive values of the number of bleeding sites during the initial probing
were observed in the low-DMFT-PD(—) and high-DMFT-PD(+) groups. In the low-DMFT-
PD(—) group, the BoP value was lower than in the rest of the groups—with a mean BoP
value of 32.90%. Such a low percentage of sites exhibiting bleeding on probing could result
from the fact that patients in this group had low DMFT values and were not diagnosed with
periodontal disease. The highest mean BoP level, amounting to 60%, was observed in the
high-DMFT-PD(+) group. During the follow-up, after six and twelve months, a constant,
dynamic decrease in BoP values was observed in all the tested groups, independently of
the toothpaste used. The changes were statistically significant. The rate of this BoP mean
change was the lowest in the control group. The most dynamic changes were observed in
the high-DMFT-PD(—) and high-DMFT-PD(+) groups. The BoP mean values decreased
in these groups very fast. After one year, the lowest value, BoP = 20%, was observed
in the high-DMFT-PD(—) group. The analysis of these study results revealed that the
most significant drop in the BoP mean value was observed in the first 6 months in all
experimental groups, but not in the control groups. The decrease was also present over the
next 6 months, but the dynamics of the changes were much lower. The changes in BOP
parameters are visualized in Figure 7.

BoP - Index
Group Experimental  Control Experimental  Control
Control group High group high Group High group High
group low DMFT PD (-) DMFT PD (-) DMFT PD (+) DMFT PD (+)

DMFT PD (-)

BTOmMT1mT2

Figure 7. Illustration of changes in BOP index in each group during the study.

3. Discussion

Gingivitis caused by periopatogens present in dental plaque is a serious factor causing
the loss of tooth-supporting structures. Non-sufficiently treated gingivitis may lead to
loosening of the tooth and edentulism. The fact that SRP plays a major role in the treatment
of periodontitis is not questionable. Adjuvant therapies that lead to preventing or slowing
down bacteria biofilm recolonization should be taken into consideration [50]. The novel
role of postbiotics was investigated as complementary to SRP treatment of gingivitis [51].
The advantages of this type of therapy prompted us to search for other natural ingredients
that might be beneficial.

A literature search in databases like PubMed and EMBASE did not show any similar
study. The novel concept used, concerning mustard-based compounds in oral hygiene,
makes this work unique. This is why we cannot compare it to any other clinical study
performed previously. Our randomized, single-blinded clinical trial provides an adequate
evidence level to reduce the knowledge gap in this field.
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The high concentration of thioglycosides in the “Bamberka” variant plays an es-
sential role in our reasons for picking this plant for our study. The antibacterial and
anti-inflammation properties of thioglycosides extracted from other plants, like Salvadora
persica [20], were described in previous studies. Nevertheless, mustard as a source of an
examined substrate had never been considered as a source of oral health products. Only
one in vitro study by Echel et al. [52] showed that oral pathogens are susceptible to mustard
oil. The novel variant “Bamberka” provides an opportunity to conduct this kind of research.
The geographical dispersion of Brassicaceae species and mustard in central Europe directly
leads to scientific exploration of their properties. There is a clear relationship between the
interest and accessibility [53] of plant products and their use for daily care.

Most of the Brassica species contain allergens, but the vast majority are related to
mustard. According to the Food and Agriculture Organization of The United Nations,
mustard is the most commonly used product to manufacture prepacked food like season-
ing and flavoring agents and texture control agents [54]. Verhoeckx et al. [55] precisely
described this problem and the implications of mustard seed processing in the presence
of allergens. Food allergies limit the use of this compound, but the overall prevalence is
relatively low [56,57]. Most of the case reports disclosing this problem were related to food
allergies. A contact allergy would cause a significantly low level of complications. Labeling
toothpaste as a product only for external use will reduce this potential problem.

During the study, patients were divided into six groups. Control groups were treated
with toothpaste without thioglycosides. Patients were not informed of their allocation
to the test or control group. The increase in periodontal health parameters could be a
result of regular oral hygiene kept by the patients while undergoing the study and the
Hawthorne Effect [58]. It also supports the statement that non-fluoride oral products,
especially plant-based home oral care products that contain Neem or Aloe vera extracts,
are appropriate to maintain good periodontal status. The highest results of the measured
parameters in the initial examination were in the high-DMFT-PD(+) group. The authors
would like to determine whether changes in these parameters occurred in addition to the
periodontal status of patients. It is crucial that plaque accumulation, a reduction in gingival
bleeding, and an improvement of periodontal parameters were observed in all four groups.
Initial relationships between the groups remained and flattened after 12 months, but were
nevertheless preserved. That clearly justifies the reason for patient group categories.

Improvement in oral hygiene parameters was significant in all groups, but mostly in
the high-DMFT-PD(—) and high-DMFT-PD(+) groups. This relationship was observed in
every parameter measured. In each case of comparison, the most relevant reduction was
observed in the first 6 months of the trial. In the second period, the trend was still visible
but was lower. Hygienic parameter improvement was more significant in periodontally
compromised patients in the high-DMFT-PD(+) group than the control group with variable
patients and the low-DMFT-PD(—) group containing patients with healthy gingiva. This is
a significant indication that thioglycoside-based pastes might be recommended for patients
with periodontal diseases. BOP was reduced by 38% in 12 months. All this supports the
hypothesis that thioglycosides slow down dental plaque accumulation. Gingiva examina-
tion revealed improvements in all groups, with the most significant decrease in mean POB
values observed in groups using toothpaste with thioglycosides.

Mustard, as is commonly known, has a pungent smell and taste. It might not have
been acceptable to everyone. Due to the low concentration of mustard oil (5%), the taste
was mild, so patients did not complain about the taste of toothpaste their during second
and third appointments.

Toothpaste composition must be developed in future studies. Stability and stress
tests also have to be performed. The authors suggest applying the Accelerate Stability
Assessment Program (ASAP) [59] before the commercial use of this product.

This pioneering study involving a small group of patients cannot be compared to any
similar study, because there was no similar research available in the literature. The study
validates the prophylactic and therapeutic properties of thioglycosides in reducing gingival
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inflammation. The promising outcome might be an indication for future research. It is
recommended to continue research while taking more parameters into consideration, and
longer studies will be necessary to confirm our findings and to better understand how these
compounds work. This research contributes to the ongoing exploration of plant-derived
ingredients for innovative evidence-based dental and gum care products. It also meets the
expectations of the rapidly growing group of patients preferring fluor-free home oral care
products. Justification of the use of this kind of product can be found in the improvement
of tested parameters in the control group.

4. Materials and Methods

The present study obtained a positive affirmation from the institutional review board
(KB/58/2011) and was carried out at the Department of Conservative Dentistry of the
Medical University of Warsaw. All clinical procedures were achieved in accordance with
the Helsinki Declaration of 1975, as revised in Tokyo in 2013. Participants were examined
in the outpatient clinic of the University. All patients were informed about the study’s
objectives, as well as possible risks and profits of participating in the study.

4.1. Mustard Experimental Paste Preparation

Mustard oil was extracted from white mustard “Bramberka” using the Soxhlet refer-
ence method. Using the Soxhlet extractor made from BORO 3.3 glass according to norm
DIM 12602 (PHU Chemo-lab, Ruda Slaska, Poland), two formulas were simultaneously
assessed: toothpaste made from fragmented entire white mustard seeds (analogously to
mustard production) and ethanol extract of fragmented mustard seeds. The concentration
of main sinalbin derivatives in the obtained toothpaste was measured by means of a UV
absorption test (280 nm). Through the use of high-performance liquid chromatography
(HPLS) (Shimazu company, Kyoto, Japan) with a UV diode array detector (DAD) (Knauer,
Berlin, Germany), the concentration was expressed in relation to the master alcohol extract
of 1 g of mustard seeds.

After the evaporation of alcohol, the remnants (containing mustard oil and thioglyco-
sides transitions” derivatives) were added to the toothpaste base, which had been prepared
in advance.

The toothpaste base composition was typical for the cosmetic industry [60,61] and is
presented in Table 2. The stability of components in toothpaste was checked and confirmed
through the use of HPLS methods.

Table 2. Composition of toothpaste used in the study.

Material Content (%)

dicalcium phosphate dihydrate 38
demineralized water 324
glycerol 25

silica (silicon dioxide) 24
carboxymethyl cellulose 12
sodium lauryl sulphate 0.6
sodium benzoate 0.2
sodium methyl hydroxybenzoate 0.2

Toothpaste base was enriched with milled mustard seeds—5% of the mass; ethanol extract—the remnants obtained
after alcohol evaporation (0.3%).

After enrichment with milled mustard seeds (5%) and alcohol extract (0.3%), a reeval-
uation of the paste was performed after two weeks with HPLS methods showing the time
stability of the experimental paste composition.

The control formula was a base toothpaste without mustard seed preparation. Both
pastes were packed into plastic tubes and coded to ensure that participants did not know
the content.

23



Int. J. Mol. Sci. 2024, 25,5290

11 0f 16

4.2. Toxicologic Study

In the experimental study, an extract from a food product was used. It has also been
used for many years in herbal medicine. The extract preparation process is typical for the
food industry. According to the EFSA, the daily intake of harmful erucic acid is 8 mg/kg [43].
A potential food allergy reaction, which was reported in adults, was correlated to the mean
cumulative dose-response circa 125 mg of mustard seed [62]. Mustard seeds are responsible
for allergy reactions in approximately 1% of children [63]. The external use of toothpaste
decreases the risk of potential allergic incident occurrence. Inclusion criteria (aged older than
18) eliminated the child population, which is more susceptible to a mustard allergy [64]. The
concentration of the active ingredients in the prepared formulations was lower than in mustard.
For these reasons, no preliminary toxicological studies were performed on laboratory animals.

4.3. Sample Calculation

There has been no similar study conducted before. We made estimations for the
proper sample size, ensuring the correlations were statistically significant. The sample
size calculation (alpha = 0.05; power = 80%) for two independent research groups and a
continuous primary endpoint was calculated. We expected to obtain differences in the mean
of approximately 20%. A sample size of 66 participants per group fulfills the statistical
criteria. The sample was calculated using the Clinical Sample Calculator (Clin Cal Lcc
https:/ /clincalc.com/stats/samplesize.aspx accessed on 12 May 2024).

4.4. Inclusion Criteria

The inclusion criteria were as follows: the presence of teeth in the mouth, aged 18 years
old or over, API and BoP values in the initial examination of more than 20%, regular oral
hygiene at home, and motivation to take part in the study. Participants were gathered from
a pool of patients submitted to the Outpatient Clinic of the Department of Conservative
Dentistry, Medical University of Warsaw. Each of them agreed to participate in the study
and signed a written consent form.

4.5. Exclusion Criteria

The exclusion criteria were as follows: systemic disease, smoking, diabetes, long-term
medication, pregnancy and nursing, or a declared allergy to mustard. Participants with
orthodontic appliances were also excluded. Patients with restorative treatment that started
during the study were excluded and considered “lost in the follow-up”.

4.6. Clinical Study Design

The study was conducted at the Department of Conservative Dentistry, Medical Uni-
versity of Warsaw, involving 149 participants (81 males and 68 females) aged 28 to 62 years.
Patients were screened according to the exclusion criteria. Sixteen patients were removed,
while 133 were enrolled in the study. Initially, each patient was evaluated through medical
history taking while completing a survey related to systematic diseases and allergies. Each
patient underwent a preliminary clinical examination according to generally accepted prin-
ciples, and the required conservative treatment and hygienic protocol were provided prior
to the study to avoid outcome disturbances. Baseline appointments consisted of a dental
examination involving the calculation of the DMFT index (decayed, missing, and filled
index) and the API index (approximal plaque index), CPI (community periodontal index)
calculation, and an oral hygiene evaluation including PI (Plaque index), BOP (Bleeding on
probing), and gingiva observation [65].

The community periodontal index (CPI) is the result of the development of the Com-
munity periodontal index of treatment needs (CPITN) by changes in the World Health
Organization oral health survey [66]. The mouth of a patient is divided into sextants, and
ten teeth are taken into consideration, i.e., 17, 16, 11, 26, 27, 37, 36, 31, 46, and 47. The
examination involves evaluating the presence of sub- and supragingival dental calculus,
the occurrence of gingival bleeding, and the measurement of periodontal pockets with
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probing depths between 3.5 and 6.0 mm. The examination is performed using a periodontal
probe with a 0.5 mm ball tip. The probe has black band markers at 3.5, 5.5, 8.5, and 11.5 mm
and is called the WHO probe. Probing is performed with force not exceeding 20 g [67]. The
results are marked in each sextant as follows:

0—healthy no bleeding.

1—bleeding visible after probing.

2—calculus present during examination, but all of the black bands are visible on the probe.
3—4-5 mm pocket (gingival margin within the black band on the probe).

4—pocket 6 mm or more (the black band on the probe is not visible).

The Decayed, Missing, and Filled Teeth (DMFT) index is the predominant population-
based measure of caries experiences worldwide. This index gives the sum of an individual’s
decayed, missing, and filled permanent teeth or surfaces (DMEFS) [68].

PI was measured according to Loe’s criteria. It means that during clinical examination,
plaque was detected on the gingival margin and scored as follows: 0—if no plaque; 1—a
thin layer of plaque at the gingival margin only detected by scraping with a probe; 2—a
moderate accumulation of plaque within the gingival pocket, and plaque is visible with
the naked eye; 3—plaque presence around the gingival margin with the vast majority of
interdental spaces filled with plaque [69].

The Approximal Plaque Index (API) according to Lange et al. [69] is related to a
patient’s oral hygiene status. The buccal side of the first and third quadrants and the
lingual /palatal side of the second and fourth quadrants are examined. Each positive
plaque finding is noted, and the sum of the total positive findings is used to calculate API
using the following formula: (sum of positive findings/sum of investigated approximal
spaces) X 100%. APl is a simple numerical grading method of patients’ oral hygiene: an
API value below 39% represents optimal oral hygiene and a value above 40% indicates
insulfficient oral hygiene [70,71].

Bleeding on Probing (BoP) during the periodontal examination is directly related to the
inflammation process in the gums. The examination was performed using the periodontal
probe recommended by the WHO. After probing sockets, the percentage of bleeding sockets
will indicate the level of inflammation [72,73].

After baseline data collection, the patient pool was divided into six groups regarding
the following key. Participants were categorized based on their DMFT and CPI values
into 3 groups, which were then simply randomized using an online randomization tool
(http:/ /www.randomization.com accessed on 20 June 2023) into experimental and control
groups. This resulted in 3 groups allocated to use the enriched experimental paste and
3 control groups:

Group I: Low DMFT, no periodontal disease (CPI = 0) titled “low DMFT-PD(—)"

Group II: High DMFT, no periodontal disease (CPI = 0) titled “high DMFT-PD(—)"

Group III: High DMFT, periodontal disease present (CPI = 1, 2 or 3) titled “high
DMFT-PD(+)”

Group IV: Low DMFT, no periodontal disease (CPI = 0) titled “control group—low
DMEFT-PD(—)"

Group V: High DMFT, no periodontal disease (CPI = 0) titled “control group—high
DMEFT-PD(—)"

Group VI: High DMFT, periodontal disease present (CPI =1, 2 or 3) titled “control
group—high DMFT-PD(+)"”

Patients in the low-DMFT-PD(—), high-DMFT-PD(—), and high-DMFT-PD(+) groups
were allocated to experimental toothpaste containing thioglycosides. Control groups
received paste with a control formula—without thioglycosides. The study was simple-
blinded (patient-blinded), so all toothpaste samples were delivered in the same non-marked
plastic tube so that the patient did not know their allocation. Participants were asked to
follow home routine oral hygiene procedures, namely brushing two times a day for 2 min
with the experimental product. Participants were instructed not to change any daily routine
or hygienic behavior.
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The study took 12 months, with assessments conducted before treatment initiation (Tp),
at 6 months (T;), and at 12 months (T5). Professional hygienization was performed during
the preliminary examination to achieve the most relevant study outcome. Dental treatment
during the study was provided according to patients’ needs but it was an exclusion criterion
for the study. Key measurements taken during the study were as follows: the Silness-Loe
Plaque Index (PI) [74], the Approximal plaque index (API) according to Lange et al. [69],
and Bleeding on Probing (BoP) according to Ainamo and Bay [75]. Each of them was
evaluated at each time point: at baseline (Tp) in the preliminary examination, and then after
6 months (T;) and 12 months (T5). Additionally, a comprehensive dental and periodontal
examination was performed during each time point to eliminate any adversities present.

4.7. Statistical Analysis

The statistical analysis was performed using Statistica v. 13 (TIBCO Software Inc., Palo
Alto, Santa Clara, CA, USA). A test of normality was conducted using the Shapiro-Wilk
test. Descriptive statistics, including the mean, standard deviation, and the number of
subjects, were employed. Parametric t-tests for paired samples to compare each group were
used for data analysis. Significance levels were set at p < 0.05.

5. Conclusions

Thioglycosydes extracted from white mustard had a significant effect on oral hygiene
and periodontal health.

A significant reduction in plaque accumulation and gingivitis was observed, especially
after 6 months in the three groups that were allocated mustard-based toothpaste. This sug-
gests that the inclusion of thioglycosides from mustard in oral care formulations contributes
to a notable decrease in dental plaque. The findings suggest that mustard-based toothpaste
enriched with thioglycosides could be a valuable addition to natural oral care solutions.
However, the evidence is not sufficient, so further analyses in randomized clinical trials
must be performed.
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Abstract: Objectives: The aim of this double-blind, clinical trial study was to evaluate the
clinical and antibacterial effects of a herbal toothpaste containing white mustard Sinapis
alba extract in comparison to a placebo toothpaste. Methods: One hundred and thirteen
participants with gingivitis were randomly assigned to the test group (experimental herbal
toothpaste) or the control group (placebo toothpaste). The plaque index (PI), approximal
plaque index (API), gingival index (GI), and bleeding on probing (BoP) were evaluated,
and salivary samples for microbial evaluation of the loads of Streptococcus mutans and
Lactobacillus spp. were collected at baseline (Ty) and after 4 weeks (T1). Comparisons were
performed between and within groups. Results: A reduction in all periodontal parameters
(PI, AP, GI, and BoP) was observed. The experimental toothpaste reduced the PI by 2.43,
compared to a 1.95 reduction for the placebo (p = 0.041), and BoP by 30.6%, compared to a
26.8% reduction for the placebo (p = 0.037). Statistically significant reductions in salivary
S. mutans and Lactobacillus spp. counts were found in the test group. Among patients
who used the experimental toothpaste, 19.2% and 9.6% showed counts of S. mutans and
Lactobacillus spp., respectively, below 10° CFU/mL, compared to 44.2% and 40.4% in the
placebo group. Conclusions: Toothpaste enhanced with white mustard extract was more
effective in reducing the PI and BoP indices and decreasing S. mutans and Lactobacillus spp.
counts compared to placebo toothpaste.

Keywords: caries; Lactobacillus; mustard; preventive dentistry; plant-based products;
Streptococcus mutans; toothpaste; oral healthcare

1. Introduction

Dental caries represents a multifactorial pathological condition characterized by the
localized destruction of dental hard tissues through acid-mediated demineralization [1]. It
is one of the predominant noncommunicable diseases worldwide, ubiquitously affecting
diverse demographic cohorts irrespective of socioeconomic status.

The concentration of cariogenic bacteria in saliva, particularly Streptococcus mutants
and Lactobacillus spp., plays a crucial role in the initiation and progression of dental caries.
Higher bacteria loads contribute to an increase in acid production, leading to the dem-
ineralization of enamel and dentin. Studies have shown that individuals with salivary
Streptococcus mutans counts exceeding 10° CFU/mL have a significantly higher risk of
caries development. Bacterial concentrations in saliva are dynamic and can change due to
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factors such as dietary intake, oral hygiene, and the use of antimicrobial agents [2]. Various
strategies can effectively reduce cariogenic bacterial loads, including mechanical plaque
removal by brushing, the use of antibacterial agents such as chlorhexidine or fluoride,
and dietary modifications like limiting fermentable carbohydrates. Additionally, natural
antimicrobial compounds, such as plant extracts, have been shown to disrupt bacterial
adhesion and inhibit biofilm formation.

Bacteria are aggregated in biofilm. A heterogeneous structure comprising mainly mi-
crobial cells (10-25%) and a self-produced extracellular polymeric substance (EPS) matrix
(75-90%), which helps in nutrient cycling, provides the availability of deoxyribonucleic acid
(DNA) for horizontal gene transfer (HGT) and acts as a protective barrier [3]. The biofilm
formation is a multi-step process governed by external conditions such as temperature,
gravitational forces, hydrodynamic forces, pH, nature of the inhabiting surfaces, quorum
sensing, nutrient availability, cell-to-cell communication, signaling cascades, and various
secondary messengers [4]. The formation of cariogenic biofilm starts with the attachment
of planktonic microbial cells to tooth surfaces, followed by microbial division to create
microcolonies, which undergo maturation and dispersion [5]. Dental biofilms are char-
acterized by a high level of spatial matrix organization and up to 700 distinct microbial
species or phylotypes [6]. Streptococcus spp. is considered a common initial colonizer of
dental biofilm due to its virulence and ability to process sugar carbohydrates [7]. Gluco-
syltransferase enzymes (Gtfs) derived from Streptococcus mutans (S. mutans) use various
sugar carbohydrates to produce glucan polymer, which renders the biofilm recalcitrant to
antimicrobials and difficult to remove [8]. This phenomenon leads to the dominance of
acidogenic and acid-tolerating species in the biofilm. Apart from Streptococcus spp, other
species with acidogenic phenotypes, such as Lactobacillus spp., play vital roles in prolonging
periods of low pH in the biofilm [9]. The presence of specific functional ecotypes with an
inclination to saccharification or proteolysis may initiate the demineralization of the apatite
structures of enamel and dentin, potentially progressing to cavitation if a biochemical
assault persists [10].

Preventative strategies for dental caries necessitate a multipronged approach, inte-
grating both population-level and individual-level interventions. Public health measures
involve water fluoridation and structured, community-based educational prevention pro-
grams [11,12]. On the individual scale, rigorous adherence to oral hygiene practices—
brushing with fluoride toothpaste, flossing, and dietary regulation—are paramount. Herbal
toothpaste additives offer promising benefits in the prevention of dental caries due to their
natural antibacterial, anti-inflammatory, and remineralizing properties [13]. Integrating
herbal additives in toothpaste formulations can substantially enhance oral hygiene practices,
providing a natural, holistic approach to caries prevention and overall dental health [14,15].

White mustard Sinapis alba extract is known for its potent antimicrobial properties,
which are primarily attributed to glucosinolates and their hydrolysis products, particularly
isothiocyanates like allyl isothiocyanate [16]. When plant tissues are damaged, glucosi-
nolates are hydrolyzed by the enzyme myrosinase, releasing isothiocyanates [17]. These
compounds exhibit strong antibacterial effects by disrupting bacterial cell membranes,
increasing permeability and causing the leakage of cellular contents, which ultimately
leads to cell death. Isothiocyanates also react with thiol groups in bacterial enzymes,
inhibiting essential processes such as energy production and cell wall synthesis [18-20].
Additionally, they induce oxidative stress by generating reactive oxygen species (ROS),
damaging cellular components including DNA, proteins, and lipids [21]. Isothiocyanates
inhibit biofilm formation, enhancing bacterial susceptibility to antimicrobial agents [22].
These mechanisms collectively contribute to a reduction in microbial populations, making
glucosinolates valuable in natural antibacterial strategies.
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Thus, the aim of this study was to evaluate the effectiveness of a newly formulated
herbal toothpaste containing white mustard extract in reducing salivary S. mutans and
Lactobacillus spp. loads compared to a standard fluoride-free control toothpaste. The work-
ing hypothesis was that a toothpaste that incorporates white mustard extract might be
more effective in improving periodontal parameters (PI, API, GI, BoP) and would exhibit
stronger antibacterial effects in comparison to a control toothpaste.

2. Materials and Methods
2.1. Study Design

This study was designed as a randomized, double-blind clinical trial. Participants
in this study were collected from the outpatient clinic of the Department of Conservative
Dentistry of Medical University of Warsaw (Warsaw, Poland). This study was carried
out at the Department of Conservative Dentistry of the Medical University of Warsaw.
The study protocol was approved by the institutional bioethics committee (KB/58/2011).
All clinical procedures were carried out in accordance with the Helsinki Declaration of 1975,
as revised in Tokyo in 2013. Written informed consent was obtained from all participants
at the time of being enrolled in the study. This study was registered on ClinicalTrials.gov
(NCT06908265, 19 March 2025) “https:/ /clinicaltrials.gov/study /NCT06908265?tab=history
(accessed on 19 March 2025)” and was reported in accordance with CONSORT guidelines [23].

2.2. Eligibility Criteria

The inclusion and exclusion criteria were selected to keep the study population ho-
mogenous and minimize confounding factors that could influence the clinical effects of
toothpaste. Participants were eligible for inclusion in the study if they met the following
criteria: age between 18 and 65 years, presence of at least 20 teeth excluding third molars,
a diagnosis of gingivitis according to the 2017 World Workshop [24], and non-smokers. All
participants should have had a motivation to take part in the study and maintain proper
oral home hygiene. Written informed consent was obtained from all subjects. The exclusion
criteria were as follows: (1) patients younger than 18 years; (2) presence of less than 20 teeth;
(3) severe systemic diseases and diseases that require regular systemic drugs (diabetes
mellitus); (4) use of systemic antibiotics during the last 3 months or local antiseptics that
might affect biofilm formation (antibacterial mouth rinses containing chlorhexidine 4 weeks
or less prior recruitment); (5) allergy to mustard or any other compound of experimental
toothpaste; (6) ongoing orthodontic treatment; and (7) pregnancy or breastfeeding.

2.3. Sample Size Calculation

Assuming a significance level (alpha) of 0.05 and a power of 0.80, the effective size was
estimated based on a previous study evaluating a similar intervention [15]. The expected
reduction in microbial counts for the experimental group compared to the control group
was 30%, and the expected standard deviation was 0.3. Consequently, a sample size of
50 individuals in each of the compared groups was calculated to detect a statistically
significant difference between the two groups. In order to account for potential dropouts,
113 subjects were enrolled in this study.

2.4. Experimental Toothpaste Preparation

The experimental toothpaste was based on a standard non-fluoride toothpaste formu-
lation with an addition of an extract from white mustard Sinapis alba. Briefly, high-quality
“Bamberka” type of white mustard seeds were selected and finely ground. The ground
seeds were extracted using a Soxhlet extractor made from BORO 3.3 glass according to the
DIM 12602 standard (PHU CHEMO-LAB, Ruda Slaska, Poland). This process involved
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soaking the ground seeds in ethanol, followed by filtration and evaporation of the solvent
to yield a concentrated extract [18,19,25]. The high-performance liquid chromatography
(HPLC) (Shimadzu, Kyoto, Japan) with UV diode array detector (DAD) (Knauer, Berlin,
Germany) methods were used. The extract was then incorporated into the toothpaste base
at a concentration of 0.5% by weight. The base formula, a fluoride-free toothpaste without
herbal additives, was manufactured by Ziaja LTD (Ziaja ltd Zaktad Produkcji Lekéw sp.z
0.0., Gdarisk, Poland). The product was available on the market. The base formula of the
toothpaste consisted of common ingredients, such as dicalcium phosphate dihydrate 38%,
distilled water 32.4%, glycerol 25%, mustard seeds 5%, hydrated silica 2.4%, carboxymethyl
cellulose 1.2%, sodium lauryl sulfate 0.6%, cellulose gum (thickener), essential sodium
benzoate 0.2%, and sodium methyl hydroxybenzoate 0.2% [26-28]. This product was also
considered as a control toothpaste without mustard additives [29].

The stability and quantity of thioglycosides in both toothpaste samples were evaluated
with high-performance liquid chromatography (HPLC). After 4 weeks, both the experimen-
tal and the control products were dissolved in ethanol at a proportion of 1:20 and placed in
20 mL tubes [30]. A previously calibrated HPLC column with a detector was used to take
measurements of retention.

2.5. Randomization and Blinding

The participants were randomly assigned to one of the two groups (test or control)
using the online computer-generated randomization tool (https://www.randomizer.org
accessed on 10 May 2023). The toothpastes were identically packaged and labeled with
a code to maintain blinding. The researcher gave the corresponding toothpaste to each
patient, with both being blinded to the type of toothpaste.

2.6. Study Protocol

The subjects for this study were recruited from among patients of the outpatient
clinic by a single investigator (A.B.). Patients who met the inclusion criteria were enrolled
in this study (Figure 1). At the first visit (Tp), the clinical evaluation was carried out,
and salivary samples for microbial analysis were collected. Subsequently, experimental and
control toothpastes were distributed among the patients according to the allocation scheme.
The participants were instructed to use a manual toothbrush and brush their teeth using the
modified Bass technique. The patients were instructed and trained in this technique at the
baseline appointment. All participants were asked to brush their teeth with the assigned
toothpaste for 2 min twice a day for 4 weeks.

After 4 weeks (T), the patients were recalled and questioned for any inconvenient
incidents during the study period. A clinical examination and the collection of saliva
samples were conducted.

2.7. Clinical Evaluation

The clinical evaluations were performed by a single masked calibrated examiner (K.M.)
at baseline (Tj) and after 4 weeks (T1). A periodontal probe (PCP UNC 15; Hu-Friedy,
Chicago, IL, USA) was used to record the following indices:

1.  Plaque index (PI) by Silness and Loe [31] was measured on distal-facial, mesial-
facial, facial, and lingual sites of all teeth. Presence of plaque at gingival margin
was evaluated and the following scores were given: 0—no plaque; 1—a thin layer of
plaque only detected by scraping with a probe; 2—moderate accumulation of plaque
within gingival pocket, plaque is visible to the naked eye; 3—plaque presence around
the gingival margin with vast majority of interdental spaces filled with plaque;
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2. Approximal plaque index (API) by Lange [32] evaluated presence or absence of dental
plaque in the approximal sides and was calculated as a percentage of the approximal
areas that exhibited plaque.

3. Gingival index (GI) by Loe and Silness [33] was measured on six selected teeth (16, 12,
24, 36, 32, 44) on facial, lingual, mesial, and distal sites after gentle probing. The scores
were given as follows: 0—normal gingiva, no inflammation, no erythema, no bleeding;
1—mild inflammation, slight erythema, no bleeding; 2—moderate inflammation, ery-
thema, bleeding on probing; 3—severe inflammation, severe erythema and swelling,
tendency to spontaneous bleeding.

4.  Bleeding on probing (BOP) by Ainamo and Bay [34] was evaluated on facial, lingual,
mesial, and distal sites after gentle probing. BoP was calculated by dividing the sum
of bleeding sockets by the sum of all evaluated sockets.

== CONSORT

L2 I  TRANSPARENT REPORTING of TRIALS

| Assessed for eligibility (n= 153) l

e

| + Not meeting inclusion criteria (n= 31)

Randomized (n= 113) + Declined to participate (n=5)

+ Other reasons (n= 4)

Allocation
Y A4
Allocated to intervention: Patients using Allocated to intervention: Patients using
toothpaste with mustard addition (n= 56) toothpaste without 1 addition (n=57)
+ Received allocated intervention (n= 56) + Received allocated intervention (n= 57)

. Clinical examination
. Saliva sample collection
. Professional oral hygiene
To visit . Distribution of experimental/control toothpaste
. Instruction of proper oral home hygiene and brushing calibration
¥
. Clinical examination
T, visit . Saliva sample collection
. Questioning the participants about inconvenient incidents
Lost to follow-up (n= 4) Lost to follow-up (n= 5)
Discontinued intervention (lost in follow-up) (n=4) Discontinued intervention (lost in follow-up) (n=5)
Analysed (n= 52) Analysed (n=52)
+ Excluded from analysis (lost in follow-up) (n=4) + Excluded from analysis (lost in follow-up) (n=5)

Figure 1. CONSORT diagram showing the study planning.

2.8. Microbiological Analysis

Saliva samples were collected twice from all participants at the beginning of the
study (Tp) and after 4 weeks (T7) of using the assigned toothpaste. The samples were
collected at least 2 h after the last meal and tooth brushing. A Caries Risk Test (CRT,
Ivoclar Vivadent, Schaan, Lichtenstein) was used to evaluate the loads of S. mutans and
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Lactobacillus spp. The procedure involved the patient chewing a paraffin pellet to transfer
bacteria from tooth surfaces to the saliva, which was then collected in a suitable container.
An NaHCOj tablet was placed in the test vial, and upon contact with moisture, it released
CO,, creating favorable conditions for bacterial growth. After removing the protective
foil, the agars were processed quickly to prevent them from standing unprotected for
extended periods. Each sample was inoculated using the Ivoclar CRT bacteria test kit, which
provides results as either above or below 10° CFU/mL (colony-forming unit/milliliter)
for S. mutans and Lactobacillus spp. The plates were incubated anaerobically at 37 °C for
48 h. After incubation, the plates were evaluated for the growth of bacterial colonies
characteristic of the targeted species.

2.9. Statistical Analysis

Statistical analysis was carried out using Statistica software, version 13.1 (Statsoft,
Krakéw, Poland). Descriptive statistics were presented as mean and standard deviation.
Any p-values of less than 0.05 (p < 0.05) were considered statistically significant. A t-test for
two independent samples, correlation analysis, and linear regression were employed to
thoroughly investigate the relationship between toothpaste use and changes in bacterial
loads. The Chi-Square test for independence was conducted to determine if there was a
significant association between the type of toothpaste (control vs. experimental) and the
loads of S. mutans and Lactobacillus spp. in saliva.

3. Results

One hundred and thirteen patients (55 women and 58 men, aged 28-62; mean
age 44.3 £ 16.9 years) were enrolled in this study. In total, 56 subjects were randomly
assigned to the experimental group, and 57 subjects were randomized to the control group.
Four participants in the experimental group and five participants in the control group were
lost in follow-up, and for these reasons, they were excluded from the final evaluation. No
adverse or side effects were noted during the study or later.

Between Ty and T; in the experimental group, a significant reduction was observed in
all four compared parameters: PI (3.68 + 1.13 to 1.83 & 0.42, p < 0.001), API (41.6 & 20.5
to 18.5 + 17.3 p < 0.001), GI (1.89 % 0.76 to 1.45 £ 0.81, p = 0.037), and BoP (49.3 £ 15.2
to 18.7 £ 13.6, p = 0.017). Similarly, significant results were observed in the control group:
PI (3.78 + 0.72 to 1.25 £ 0.52, p < 0.001), API (39.2 &+ 19.8 to 22.2 & 18.6, p < 0.001),
GI(1.96 £ 0.83 to 1.55 £ 0.92, p = 0.043), and BoP (52.9 & 13.5 to 26.1 £ 16.3 p = 0.048).

A statistical analysis containing a t-test for two independent samples showed statisti-
cally significant differences between the experimental and control groups and T, vs. Ty in
the improvement of the PI, API, GI, and BoP. The p-values for both tests were well below
the significance level of 0.05. The categorized data related to the periodontal parameters
and bacteria were presented in Table 1.

The evaluation of clinical parameters (PI, API, GI, BoP) is illustrated and presented in
diagrams, as shown in Figures 2-5.

At the beginning of the study, 55.8% of the control group samples showed Lactobacillus
count above 10° CFU/mL. For Streptococcus mutans, the control group had an equal dis-
tribution, with 50% of samples below 10° CFU/mL and 50% above 10° CFU/mL. In the
experimental group, 55.8% of samples showed Lactobacillus count above 10° CFU/mL,
while for Streptococcus mutans, 51.9% were above the 105 CFU/mL level.

After four weeks of using the assigned toothpastes, significant (p < 0.001) differ-
ences were observed. In the control group, 40.4% of samples showed Lactobacillus count
above 10° CFU/mL. At the same time, 44.2% of Streptococcus mutans samples were
above 10° CFU/mL.
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Table 1. Distribution of the results in the groups. Mean values of PI, API, GI, BoP, and bacteria load
for number of samples and a paired t-test in the experimental and control groups at T and Tj.

. p-Value Exp.
Time Experimental Control vs. Gty
Anamnestic
Data
Ags fmean) 432 4+ 122 years 459 + 162 years
Corais 25F/31M 30 F/27 M
PI Mean (SD) 3.68 (1.13) 3.78 (0.72) ~
?’ 125 (0.42) 1.83 (0.52) p= 8'322
Tovs. Ty : p <0.001 p <0.001 p=
API Mean (SD) 41.6 (20.5) 39.2 (19.8) ~
;0 185 (17.3) 22.4 (18.6) P= g'gzg
Tovs. Ty 1 p <0.001 p <0.001 p=5
GI Mean (SD) 1.89 (0.76) 1.96 (0.83) _
$° 145 (0.81) 1.55 (0.92) p= g'gg;
Tovs. Ty 1 p=0.037 p=0.043 P
BoP Mean (SD) 493 (15.2) 52.9 (13.5) ~
$° 18.7 (13.6) 26.1(16.3) P= g‘ggg
To vs. Ty 1 p=0.017 p=0.048 P=%s
;ut;zflz";:;‘;‘;a 1. 27/52(n>10° CFU/mL) (519%)  26/52 (n > 10° CFU/mL) (50%) R
0 10/52 (n > 10° CFU/mL) (192%)  23/52 (n>10° CFU/mL) (44.2%) P~
Load Ty p=0012 p = 0.694 p=0.011
TO VS. Tl : .
’;“‘t"];’::t‘:g‘: T 29/52 (n > 10° CFU/mL) (55.8%)  29/52 (n > 10° CFU/mL) (55.8%) 1
PP‘L = B 5/52 (n>10° CFU/mL) (9.6%)  21/52 (n > 10° CFU/mL) (40.4%) P Sl
= i <0.001 =0.169 e
TO VS. Tl P ’ 4 :

To,T1—time frames; M—male; F—female; BoP—bleeding on probing; PI—plaque index; GI—gingival index;
API—approximal plaque index; SD—standard deviation N—number of samples; n—number of bacteria colony;
CFU—colony-forming unit.

Plaque Index
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m PI TO mean value ® Pl T1 mean value

Figure 2. Distribution of the clinical parameters in the groups. Mean values of PI at Tg and T;.
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Figure 3. Distribution of the clinical parameters in the groups. Mean values of API at T and T;.

Gingival Index
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Figure 4. Distribution of the clinical parameters in the groups. Mean values of GI at Ty and Tj.
In contrast, the experimental group showed a more pronounced reduction in bacterial
load. For Lactobacillus, only 9.6% was above 10° CFU/mL. For Streptococcus mutans, 19.2%

samples were above 10° CFU/mL.
Bacteria counts are graphically visualized in Figure 6.
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Figure 5. Distribution of the clinical parameters in the groups. Mean values of BoP at Tp and T;.
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Figure 6. Distribution of the bacteria count in the groups. Percent values of positive (n > 10° CFU/mL)
testat Tp and Tj.

The Chi-Square test for independence was conducted to determine if there was a
significant association between the type of toothpaste (control vs. experimental) and
the load of cariogenic bacteria Streptococcus mutans and Lactobacillus spp. The results for
Streptococcus mutans showed a Chi-Square statistic To—T; (x?) of 10.74 (p = 0.000615) and
1 degree of freedom, and for Lactobacillus spp., the results showed (x?) 23.12 p = 0.000015.
These p-values are significantly lower than p < 0.05, so we assume that the reduction in
bacteria count is statistically significant.

4. Discussion

The presented study aimed to evaluate the effectiveness of an experimental toothpaste
containing white mustard (Sinapsis alba) extract in reducing cariogenic bacteria in the oral
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cavity compared to a standard fluoride-free toothpaste. White mustard was selected for
this study due to its well-documented antimicrobial properties, primally attributed to
glucosinolates and their hydrolysis products, such as isothiocyanates. These compounds
exhibit strong antibacterial effects by disrupting bacterial cell membranes, inhibiting biofilm
formation. The findings presented in this study indicate a significant association between
the type of toothpaste used and the reduction in bacterial levels, as evidenced by the
Chi-Square test results. The experimental toothpaste, enhanced with white mustard extract,
showed a marked improvement in reducing both Streptococcus mutans and Lactobacillus spp.
compared to the control toothpaste. This reduction was significant for two key bacterial
species responsible for the development of dental caries. The results suggest that the
antimicrobial properties of white mustard extract are effective in significantly lowering the
levels of cariogenic bacteria. This leads to the conclusion that herbal additives like white
mustard extract can be potent agents in oral healthcare. The ability of the experimental
toothpaste to eliminate bacteria in a considerable proportion of participants highlights its
potential as a preventive measure against dental caries. In addition, this study also revealed
significant improvements in clinical parameters related to oral hygiene and periodontal
health. These improvements in the PI, API, GI, and BoP suggest that the toothpaste has a
positive impact on oral hygiene and decreases the risk of periodontal disease.

The effectiveness of various herbal additives in oral care has been explored, but there
is still limited research on the use of mustard-based compounds in toothpaste. However,
several studies have investigated the benefits of other plant-based additives, such as tea
tree oil, clove oil, and aloe vera, which similarly exhibit antibacterial, anti-inflammatory,
and anti-caries properties [28,35]. For example, a study by Arweiler et al. [15] found
that toothpaste containing Scutellaria baicalensis extract significantly reduced plaque and
gingivitis, supporting the potential of herbal additives in promoting oral health. Mustard
seed oil properties were also examined by Eichel et al. [19]. This study showed antibacterial
effectiveness in an in vitro examination. A recently published study by Michatowski
et al. [36] showed an association between using mustard oil extract-based toothpaste and a
reduction in periodontal parameters. Literature searches in databases like PubMed and
EMBASE did not show any studies linking cariogenic bacteria and mustard oil extract.
The concept of incorporating mustard-based compounds in oral hygiene makes our study
novel. This is why we cannot compare it to any other clinical study performed previously.
This randomized, single-blinded clinical trial provides an adequate evidence level to reduce
the knowledge gap in this field.

Fluoride toothpastes are widely recognized as the gold standard in caries prevention
due to their ability to enhance enamel remineralization and inhibit demineralization. Nu-
merous studies have demonstrated the efficacy of fluoride in significantly reducing dental
caries [37,38]. However, some individuals seek fluoride-free alternatives due to concerns
about overexposure or personal health preferences [39]. The current study did not include
a direct comparison with fluoride-containing toothpastes, but the significant reduction in
bacterial levels observed with the experimental toothpaste suggests that white mustard
extract could serve as a potent natural antimicrobial agent. It is worth mentioning that the
addition of mustard did not have a significant impact on the taste and odor. None of the
participants complained about it.

The literature has not disclosed a clear relation between oral bacteria and mustard oil
products. The use of mustard as an additive to oral health products may lead to beneficial
results. We would like to address this question in this study. The seed extract preparation
process is also typical for the food industry. It proves that it does not lead to a chemical
modification of natural contents. The concentration of active ingredients in the prepared
formulations was lower than in food mustard [40].
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This study had several limitations. The short duration of the study—four weeks—does
not allow for a comprehensive evaluation of the long-term effects on oral health. However,
the four-week study duration was chosen because bacterial levels in saliva change rapidly,
with measurable reduction occurring within days of antimicrobial intervention. This period
allows for assessing both short-term antibacterial effects and clinical improvements while
ensuring participant compliance. A longer duration increases the number of dropouts and
additional variables. This period provides a practical and controlled evaluation. Previously
conducted studies on herbal additives in toothpaste like chitosan lasted four weeks [41].

The sample size, while sufficient for initial findings, could be expanded in future
studies to increase statistical power and generalizability. The lack of comparison with
fluoride-containing toothpastes is another limitation, as fluoride remains the most well-
researched and effective agent in caries prevention. A direct comparison of mustard
extract with fluoride would provide valuable insights into the relative efficacy of natural
alternatives. Another potential limitation is the allergenic potential of mustard seeds.
Although no allergic reactions were reported during this study, mustard seed is known for
its high allergic potential [42,43]. Only external use was applied in this study. For these
reasons, no preliminary toxicological studies were performed.

Future studies should explore the mechanisms by which white mustard extract demon-
strates its antibacterial effects. Further research should investigate the optimal concentration
of white mustard extract and its combination with other herbal additives to maximize its
antimicrobial properties. Researchers should focus on long-term studies that assess the
sustained effectiveness of white mustard toothpaste in reducing cariogenic bacteria and
preventing caries. Additionally, studies that directly compare mustard-based toothpaste
with fluoride-containing formulations would provide a more comprehensive understand-
ing of its efficacy. A comparison of mustard-based toothpaste to other plant-based would
be beneficial. Investigating the optimal concentration of mustard extract and its potential
synergistic effects with other natural compounds, such as xylitol or tea tree oil, could
further enhance its antibacterial properties. Moreover, exploring the broader impact of
mustard extract on the oral microbiome, including its effects on non-cariogenic species
and overall microbial diversity, would provide valuable insights into its role in promoting
oral health.

The results suggest that regular use of herbal toothpaste with mustard extract could
contribute to caries prevention, offering a natural alternative for individuals seeking non-
fluoride solutions.

5. Conclusions

This study demonstrates that toothpaste enhanced with white mustard extract is sig-
nificantly more effective in reducing cariogenic bacteria, such as Streptococcus mutans and
Lactobacillus spp., compared to a fluoride-free control toothpaste. Continued research in this
area could lead to the development of more effective and natural oral hygiene products,
ultimately expanding the options available for maintaining oral health in diverse popula-
tions. Further research is recommended to confirm long-term benefits, assess additional
health effects, and analyze the potential of these toothpastes to prevent dental caries.
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The following abbreviations are used in this manuscript:

PI Plaque Index

GI  Gingival Index

API  Approximal Plaque Index
BoP  Bleeding on probing
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Podsumowanie wynikow

Przeprowadzone badania potwierdzaja kliniczng skuteczno$¢ zastosowania ekstraktu
z gorczycy biatej (Sinapis alba) z odmiany ,,Bamberka” zawierajacej tioglikozydy jako §rodek
wspomagajacy w profilaktyce chorob jamy ustnej. Wyrazny efekt zaobserwowano w zakresie
redukcji agregacji ptytki i wskaznikoéw stanu zapalnego dzigset oraz obnizenia ryzyka

prochnicy.

W pierwszym badaniu zaobserwowano statystycznie istotne obnizenie warto$ci
wskaznikow akumulacji ptytki nazebnej (PI i API) oraz redukcj¢ wartosci wskaznika
krwawienia przy zgltebnikowaniu (BoP). Najwigksze zmiany odnotowano po pierwszych
6 miesigcach stosowania badanej pasty. W kolejnych miesigcach tempo poprawy parametréw
ulegto spowolnieniu, jednak efekty oraz trend wzrostowy utrzymat si¢ przez caty okres trwania
badania. Warto zauwazy¢, ze najbardziej wyrazna poprawa parametrow klinicznych
obserwowana byta w grupie badanych z wysokimi wartosciami wskaznika DMFT oraz
stwierdzonym stanem zapalnym przyzgbia, co moze $wiadczy¢ o istotnej skutecznosci

preparatu u pacjentéw dotknigtych chorobg przyzebia.

W drugim badaniu rowniez zaobserwowano znaczne obnizenie warto$ci wskaznikow
ptytki nazgbnej (PI), zapalenia dzigset (GI) oraz krwawienia przy zglebnikowaniu (BoP).
Ponadto, w $linie grupy pacjentéw, ktorzy stosowali paste z ekstraktem znaczaco spadta
liczebnos$¢ kolonii bakterii Streptococcus mutans oraz Lactobacillus spp., co potwierdza

potencjat przeciwbakteryjny tego preparatu.

W obu badaniach klinicznych nie zaobserwowano zadnych dziatan niepozadanych,
co $wiadczy o dobrej tolerancji przez pacjentow pasty z ekstraktem z gorczycy. Wyniki te daja
mozliwos¢ potencjalnego zastosowania ekstraktow tioglikozydowych jako bezpiecznej
alternatywy dla past zawierajacych fluor, szczego6lnie w grupie pacjentow preferujacych srodki

higieniczne naturalnego pochodzenia.

Mimo obiecujacych rezultatow, badania mialy pewne ograniczenia, takie
jak stosunkowo krotki okres obserwacji w drugim badaniu oraz brak poréwnania z pastami
zawierajacymi fluor. Dalsze badania, uwzgledniajace wigksze grupy pacjentdéw i dtuzszy okres
obserwacji, sa konieczne dla szerszego potwierdzenia uzyskanych rezultatow i lepszego
okreslenia dlugoterminowej skutecznosci i bezpieczenstwa stosowania ekstraktu z gorczycy

biatej w produktach do higieny jamy ustne;j.
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‘Whioski

Przeprowadzone randomizowane badania kliniczne byly pierwsza proba zastosowania
ekstraktu z gorczycy jako $rodka wspomagajacego w domowej higienie jamy ustnej. W obu
badaniach zastosowanie eksperymentalnego, wzbogacanego o dodatek ekstraktu z gorczycy

produktu, dalo obiecujace rezultaty.
Szczegotowe wnioski mozna podzieli¢ w nastepujacy sposob:

1. Redukcja akumulacji plytki bakteryjnej oraz wartosci wskaznikéw klinicznych stanu

zapalnego dzigset.

- Pierwsze badanie wykazalo istotne statystycznie zmniejszenie warto$ci wskaznikow
PI, API i BoP po 6 miesigcach uzywania pasty zawierajacej ekstrakt z gorczycy
,Bamberka”. Trend spadkowy widoczny byl do konca badanego okresu, choc

z mniejszg dynamika w drugim potroczu.

- Druga préba potwierdzila statystycznie istotng redukcje warto$ci wskaznikow PI,

API, GI i BoP w grupie badanej po miesigcu stosowania.
2. Widoczne dziatanie przeciwbakteryjne wobec drobnoustrojow kariogennych.

- W drugim badaniu, po zastosowaniu pasty z wyciagiem gorczycy, zaobserwowano
spadek liczebnosci kolonii bakterii Streptococcus mutans > 10° CFU/mL z 51,9 %
do 19,2 %, natomiast bakterii Lactobacillus spp. z 55,8 % do 9,6 %. Redukcji
powyzszych parametréw nie zaobserwowano w grupie kontrolnej. Pozwala
to sformutowa¢ wniosek, ze stosowanie wzbogaconej pasty redukuje miano bakterii

prochnicowych w jamie ustnej, a tym samym zmniejsza ryzyko prochnicy.

- Zastosowane plytkowe testy oceny ryzyka prochnicy Caries Risk Test (CRT, Ivoclar
Vivadent, Lichtenstein) nie sg swoiste wobec calego spektrum bakterii. Dlatego tez testy
typu PCR pozwalajace na doktadng, jako$ciowq i iloSciowq analiz¢ mikrobiologiczna

powinny zosta¢ wykonane w kolejnych badaniach.

3. Poprawa badanych parametrow u pacjentéw z wysokim ryzykiem choroby prochnicowe;j

oraz aktywnym stanem zapalnym dzigsel.
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- W badaniu nr 1 u badanych z grupy z wysokimi warto§ciami wskaznika DMFT i
obecnym zapaleniem dzigsel zaobserwowano najwigkszy spadek wartosci wskaznikdéw
PI, API oraz BoP. Wskazuje to, ze preparaty z ekstraktem z gorczycy moga byc¢
przydatne w terapii wspomagajacej u pacjentow z grupy wysokiego ryzyka choroby

przyzebia.

4.Brak negatywnych wrazen sensorycznych ze strony pacjentdw biorgcych udziat

w badaniu.

- Tioglikozydy i glukozylany sa odpowiedzialne migdzy innymi za ostry i gorzki smak
musztardy. Pacjenci bioragcy udzial w badaniu nie zgtaszali zastrzezen dotyczacych
smaku czy zapachu pasty. Oczywiscie istotne jest stezenie sktadnikdéw czynnych,
aczkolwiek

w przypadku badanego preparatu nie wplynely one negatywnie na odbidr produktu.

5. Konieczne jest prowadzenie dalszych badan majacych na celu ustalenie wlasciwego

terapeutycznego stezenia tioglikozydéw w produktach do uzytku w jamie ustne;j.

6. Potwierdzony w badaniach potencjat alergiczny gorczycy wymaga wlasciwego

oznakowania produktu przed szerszym jego zastosowaniem.
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Warszawa, 10.06.2025 r

Dr hab. n. med. Aniela Brodzikowska

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Clinical and Antibacterial Effects of a Herbal Toothpaste
Containing White Mustard Sinapis alba Extract: A Randomized Clinical Trial” o$wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji oceniam na 10% stanowi on:

Nadzor nad prowadzonymi badaniami, pomoc w interpretacji wynikow, korekta napisanego
manuskryptu.

Wktad Konrada Michatowskiego w powstawanie publikacji oceniam na 80% obejmowal on:

Przygotowanie koncepcji oraz metodyki badania, zebranie wynikow, wykonanie analiz

statystycznych i interpretacje wynikow, selekcja piémiennictwa, pisanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej

lek. dent. Konrada Michatowskiego ‘
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(podpis o$wiadczajgcego)
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Warszawa, 10.06.2025 r.

Dr hab. n. med. Bartlomiej Gorski

OSWIADCZENIE

Jako wspolautor pracy pt. ,,The Clinical and Antibacterial Effects of a Herbal Toothpaste
Containing White Mustard Sinapis alba Extract: A Randomized Clinical Trial” o$wiadczam, iZ mdj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi 10 % pracy i obejmuje:

Krytyczna recenzje i korekte manuskryptu

Wklad Konrada Michatowskiego w powstawanie publikacji oceniam na 80%. obejmowal on:

Przygotowanie koncepcji oraz metodyki badania, zebranie wynikéw, wykonanie analiz

statystycznych i interpretacje wynikow, selekcja pismiennictwa, pisanie manuskryptu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. dent. Konrada Michatowskiego

(podpis o$wiadczajacego)
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Warszawa, 10.06.2025 r.

Dr hab. n. med. Aniela Brodzikowska

OSWIADCZENIE

Jako wspotautor pracy pt. ,.Clinical Effect of Thioglycosides Extracted from White
Mustard on Dental Plaque and Gingivitis: Randomized, Single-Blinded Clinical Trial”
o$wiadezam, iz m6j wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi 20 % obejmowat
on:

Nadzér nad prowadzonymi badaniami, pomoc w interpretacji wynikow, korekta napisanego

manuskryptu.

Wkiad Konrada Michatowskiego w powstawanie publikacji oceniam na 80 % obejmowal on:
Przygotowanie koncepcji oraz metodyki badania, zebranie wynikow, wykonanie analiz

statystycznych i interpretacje wynikow, selekcja pismiennictwa, pisanie manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. dent. Konrada Michalowskiego e
ANTELA BRODZIKOWSEA
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(podpis o$wiadczajacego)

50



Komisja Bioetyczna

% przy Warszawskim Uniwersytecie Medycznym
2, O )
é Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
:" Fax: 022/57 -20-165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

KB.....20 .01

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym

po zapoznaniu si¢ z wnioskiem /wymieni¢ wnioskodawcg/ - w dniu 12 kwietnia 2011r.
Dr n.med.Aniela Brodzikowska, Zaklad Stomatologii Zachowawczej,

ul.Miodowa 18, 00-246 Warszawa,

dotyczacym: wyrazenia opinii w sprawie badania pt.: ” Przeciwbakteryjne
i przeciwgrzybiczne dziatanie tioglikozydéw ekstrahowanych z gorczycy bialej -bamberka
w higienie jamy ustnej.”

Uwagi Komisji-verte
wyraza nastepujjca
opinie
- stwierdza, ze sa one dopuszczalne i zgodne z zasadami naukowo-etycznymi*.

- stwierdza, ze sa-one-niedopuszezalne-i-niezgodne-z-zasadami-naukoweo-
etycznymi.®

Pouczenie-w ciggu 14 dni od otrzymania decyzji wnioskodawcy przysluguje Prawo
odwolania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym.

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97 poz.152
wraz z p6zn.zm./, zarzgdzenia MZiOS z dn.11.05.1999r. w sprawie szczegblowych zasad powolywania i
finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/, Ustawy prawo
farmaceutyczne z dnia 6 wrze$nia 2001r. (Dz.U.Nr 126, poz. 1381 z pézn. zm.) Zarzadzenie nr 56/2007

z dnia 15 pazdziernika 2007 r.w sprawie dzialania Komisji Bioetycznej przy Warszawskim Uniwersytecie
Medycznym /Regulamin Komisji Bioetycznej przy Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP.

W zalgczeniu- sklad Komisji oraz lista obecnosci.

Prof. nadzw.dr/ha

ehalska-Krynska
* niepotrzebne skresli¢
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