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Abstract

Historically, boiled sweets have been recommended by ear, nose, and throat surgeons for their sialagogue
effect in patients with sialolithiasis. This study presents an in vivo analysis of boiled sweets and solutions to
determine sialagogue superiority. Six high-street boiled sweets (lemon sherbets, rhubarb sweets, mint
humbugs, Werther’s Original® (August Storck, Germany), Fox's Glacier Fruits® (Fox's Confectionery,
Braunstone, Leicester, United Kingdom), and Chupa Chups® lollipops (Perfetti Van Melle, Breda,
Netherlands)) and two solutions (malt vinegar and lemon juice) were compared to two controls (no sweet
and inert plastic) in two healthy participants. Malt vinegar and lemon juice produced the highest salivary
flow. The best-performing boiled sweets were Chupa Chups lollipops and lemon sherbet. Substances with
the highest concentrations of citric or lactic acid were the best sialagogues. This pilot study provides a proof
of concept for further investigation in this cohort of patients.
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Introduction

Sialolithiasis involves the formation of stones within the ducts of major salivary glands of the head and neck
[1]. There are a variety of presenting features resulting from this obstruction, which include recurrent
prandial discomfort, acute sialadenitis, and abscess formation. Sialolithiasis is estimated to affect one in
15,000 people in the United Kingdom (UK) [2].

Management of sialolithiasis typically starts with conservative measures such as analgesia, warm
compresses, salivary gland massage, and sialagogues [3]. Literature has examined the use of various
substances such as pilocarpine and other parasympathomimetics, where the sialagogue effect is theorised to
promote salivation, increase salivary secretion, and allow progression of the stone and its spontaneous
expression from the papilla [4,5].

Historically, lemon drops, due to their sour and citric essences, have been recommended by clinicians for
their sialagogue effect. However, to our knowledge, no study has previously investigated the sialagogue
effect of other common high-street sweets or solutions to determine sialagogue superiority.

Salivary secretion has two primary phases, notably, the cephalic (the sight or smell of food) and buccal
phases (taste of food in mouth) [6,7]. In an adult, the average flow of saliva varies between 1 litre and 1.5
litres per day, and the acceptance rate for unstimulated salivary flow is approximately 0.3 millilitres (ml) per
minute [8,9].

This novel in vivo pilot study aims to determine which common high-street substances have the superior
sialagogue effect, as a potential adjuvant therapy for conservative management of patients with
sialolithiasis.

Materials And Methods

Two healthy participants (the co-authors) with no oral or salivary gland disease were test subjects.

Six common UK high-street boiled sweets and two sour acidic liquid preparations were selected and
compared to two control measures. The six sweets were lemon sherbets, rhubarb sweets, mint humbugs,
Werther’s Original® (August Storck, Germany), Fox's Glacier Fruits® (Fox's Confectionery,

Braunstone, Leicester, United Kingdom), and Chupa Chups® lollipops (Perfetti Van Melle, Breda,
Netherlands). The two solutions were malt vinegar and pure lemon juice. The two control items were ‘no
sweet’ and an inert piece of plastic.

The test protocol involved three phases, lasting a total of five minutes, where subjects were asked to collect
their own saliva in a sterile plastic gallipot with measurements. Phase 1 included a one-minute pre-oral
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phase, where participants collected saliva production whilst looking at and smelling the test substance.

Phase 2 followed with a two-minute oral phase, where participants collected their saliva whilst holding the
substance in their mouths. Finally, phase 3 included a two-minute post-oral phase where subjects collected
further saliva production following removal of the substance from their mouths. Where liquid stimuli were
tested, 3ml of solution was used and subtracted from the final saliva production volume. Boiled sweets were

used as bought and used sequentially without replenishment between each repeat.

This protocol was repeated three times by each participant for each test sweet and compared to the control.

Participants were asked not to look at or think about any other food items throughout testing to avoid the
bias of contaminated thoughts. Testing took place at least 30 minutes following any other oral ingestion,

and there was at least five minutes between each round of substance testing.

Analysis

Anonymised data were entered into Microsoft Excel (Microsoft Corporation, Redmond, Washington, United

States). Data are presented in millilitres (ml), with mean and range of saliva measurements to compare to

existing literature.

Ethical considerations

Ethical approval was not considered necessary for this project. Both study participants were the consenting

co-authors.

Results

Two healthy participants took part. Both were male. The mean age was 30.5 years (range 27-34 years). All
test substances promoted more salivary flow than the control items (no sweet and inert plastic).

Malt vinegar and pure lemon juice produced a mean of 21.5ml and 23.8ml saliva, respectively, in the five-
minute testing period (Figure /). When considering salivary production based on the oral phase of testing,
these two solutions promoted a rate of 7.4ml and 9.3ml of saliva per minute respectively (Figure 2). This is

approximately nine times more than the control item.
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FIGURE 1: Graphical Representation of Total Saliva Production in Five
Minutes According to the Test Item (Control, Sweet, or Solution)
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FIGURE 2: Mean (+/- Standard Deviation) Saliva Flow per Minute
(ml/min) According to the Test Item and Reference to Adult Baseline
Saliva Production

The three best performing boiled sweets for salivary flow in the five-minute test period were Chupa
Chups lollipops (17.5ml), lemon sherbet (15.7ml), and rhubarb sweets (14.4ml).

Discussion

This study has shown that malt vinegar and pure lemon juice were clearly the superior sialagogues. Despite
previous anecdotal evidence regarding boiled sweets, the two acidic solutions promoted the highest rates of
salivary flow in this study. This occurred not only during the oral phase of the testing, but also the post-oral
phase, indicating a prolonged effect of these two solutions as sialagogues. They promoted over nine times
more saliva collection than when compared to the control and 25 times more than the baseline adult salivary
production [6,7].

Sialagogues can be divided into peripheral sialagogues that stimulate a gustatory response, such as the test
items described in this study, and central sialagogues that include parasympathomimetics such as
pilocarpine [10]. Both types have multiple uses in the clinical setting by increasing secretions and
diminishing complaints of sialadenitis or dry mouth in patients. However, the central-acting sialagogues are
associated with greater side effects due to the non-selective muscarinic agonist properties [10-12].

This study has also demonstrated the positive sialagogue effects of various sweets commonly found in the
UK. Despite historical opinion, lemon sherbets were not the superior sialagogue [13-15]. In this study, a
common high-street brand of fruit lollipop was responsible for the highest salivary flow in the five-minute
test period. When considering the ingredients of these boiled sweets, those that contained lactic or citric
acid (lemon sherbets, fruit drops, and Chupa Chups lollipops) outperformed those that were milk-based
(Werther’s Original and mint humbugs).

Anecdotally, the participants’ satisfaction in consuming the boiled sweets was far higher than when
consuming the malt vinegar and lemon juice. Yet this did not impact the cephalic phase of the testing, which
suggests that enjoyment of sweet does not necessarily correspond with increased salivation. However, the
authors recognise that consumption of large quantities of vinegar or lemon juice may not present an
attractive management option for patients with sialolithiasis. Likewise, it is important to highlight that the
test substances used in this study were all high in sugars and may pose a potential risk of dental caries if
consumed in excessive quantities.

Management of sialadenitis, xerostomia, and hyposalivation can be challenging [10]. This study aims to
describe useful and freely available sialagogues that can be recommended by clinicians. The test items were
chosen according to their frequency at local supermarkets and thus ease of availability for purchase (for both
the authors’ and future patients’ convenience).

This pilot study has demonstrated the benefits of common high-street substances as sialagogues. Full
statistical analysis has not been conducted owing to the small sample size. However, this pilot study acts as
a proof of concept for further study to investigate the exact role of these substances in patients with
sialolithiasis or xerostomia which the authors are planning with a larger sample size.
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Conclusions

This in vivo study highlights the value of malt vinegar, lemon juice, and various boiled sweets for sialagogue
effects and the potential implications for the management of sialolithiasis or xerostomia. Contrary to
previous beliefs, lemon sherbets were not the superior sialagogue; however, the substances with the highest
concentrations of citric or lactic acid were the best performers in testing.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Hammett JT, Walker C: Sialolithiasis. StatPearls [Internet]. 2020 (ed): StatPearls Publishing, Treasure Island
(FL); November 12 2022.
2. Escudier MP, McGurk M: Symptomatic sialoadenitis and sialolithiasis in the English population: an estimate
of the cost of hospital treatment. Br Dent J. 1999, 186:463-466. 10.1038/sj.bdj.4800141
3. Marchal F, Dulguerov P: Sialolithiasis management: the state of the art . Arch Otolaryngol Head Neck Surg.
2003, 129:951-6. 10.1001/archotol.129.9.951
4. Koch M, Zenk J, Iro H: Algorithms for treatment of salivary gland obstructions . Otolaryngol Clin North Am.
2009, 42:1173-92. 10.1016/j.0tc.2009.08.002
5. Davies AN, Thompson J: Parasympathomimetic drugs for the treatment of salivary gland dysfunction due to
radiotherapy. Cochrane Database Syst Rev. 2015, CD003782. 10.1002/14651858.CD003782.pub3
6.  Alhajj M, Babos M: Physiology of salivation. StatPearls [Internet]. 2020 (ed): StatPearls Publishing, Treasure
Island (FL); November 12 2022.
7. Pedersen AM, Sgrensen CE, Proctor GB, Carpenter GH, Ekstrom J: Salivary secretion in health and disease. |
Oral Rehabil. 2018, 45:730-46. 10.1111/joor.12664
8. Humphrey SP, Williamson RT: A review of saliva: normal composition, flow, and function . ] Prosthet Dent.
2001, 85:162-9. 10.1067/mpr.2001.113778
9. lorgulescu G: Saliva between normal and pathological. Important factors in determining systemic and oral
health . ] Med Life. 2009, 2:303-7.
10. Turner MD: Hyposalivation and xerostomia: etiology, complications, and medical management. Dent Clin
North Am. 2016, 60:435-43. 10.1016/j.cden.2015.11.003
11.  Johnson JT, Ferretti GA, Nethery WJ, et al.: Oral pilocarpine for post-irradiation xerostomia in patients with
head and neck cancer. N Engl ] Med. 1993, 329:390-5. 10.1056/NEJM199308053290603
12.  Vivino FB, Al-Hashimi I, Khan Z, et al.: Pilocarpine tablets for the treatment of dry mouth and dry eye
symptoms in patients with Sjogren syndrome: a randomized, placebo-controlled, fixed-dose, multicenter
trial. Arch Intern Med. 1999, 159:174-81. 10.1001/archinte.159.2.174
13.  Christou A, Papastavrou E, Merkouris A, Frangos S, Tamana P, Charalambous A: Clinical studies of
nonpharmacological methods to minimize salivary gland damage after radioiodine therapy of differentiated
thyroid carcinoma: systematic review. Evid Based Complement Alternat Med. 2016, 2016:6795076.
10.1155/2016/6795076
14. Hugill ], Sala E, Hollingsworth KG, Lomas DJ: MR sialography: the effect of a sialogogue and ductal
occlusion in volunteers. Br ] Radiol. 2008, 81:583-6. 10.1259/bjr/29344975
15.  Pollack CV, Severance HW: Sialolithiasis: case studies and review. ] Emerg Med. 1990, 8:561-565.
10.1016/0736-4679(90)90450-a

2022 Morris et al. Cureus 14(12): €32097. DOI 10.7759/cureus.32097 4 0of 4


https://www.ncbi.nlm.nih.gov/books/NBK549845/
https://dx.doi.org/10.1038/sj.bdj.4800141
https://dx.doi.org/10.1038/sj.bdj.4800141
https://dx.doi.org/10.1001/archotol.129.9.951
https://dx.doi.org/10.1001/archotol.129.9.951
https://dx.doi.org/10.1016/j.otc.2009.08.002
https://dx.doi.org/10.1016/j.otc.2009.08.002
https://dx.doi.org/10.1002/14651858.CD003782.pub3
https://dx.doi.org/10.1002/14651858.CD003782.pub3
https://www.ncbi.nlm.nih.gov/books/NBK542251/
https://dx.doi.org/10.1111/joor.12664
https://dx.doi.org/10.1111/joor.12664
https://dx.doi.org/10.1067/mpr.2001.113778
https://dx.doi.org/10.1067/mpr.2001.113778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052503/
https://dx.doi.org/10.1016/j.cden.2015.11.003
https://dx.doi.org/10.1016/j.cden.2015.11.003
https://dx.doi.org/10.1056/NEJM199308053290603
https://dx.doi.org/10.1056/NEJM199308053290603
https://dx.doi.org/10.1001/archinte.159.2.174
https://dx.doi.org/10.1001/archinte.159.2.174
https://dx.doi.org/10.1155/2016/6795076
https://dx.doi.org/10.1155/2016/6795076
https://dx.doi.org/10.1259/bjr/29344975
https://dx.doi.org/10.1259/bjr/29344975
https://dx.doi.org/10.1016/0736-4679(90)90450-a
https://dx.doi.org/10.1016/0736-4679(90)90450-a

	Sweet Shop Sialagogues: A Sour Solution to Sialolithiasis
	Abstract
	Introduction
	Materials And Methods
	Analysis
	Ethical considerations

	Results
	FIGURE 1: Graphical Representation of Total Saliva Production in Five Minutes According to the Test Item (Control, Sweet, or Solution)
	FIGURE 2: Mean (+/- Standard Deviation) Saliva Flow per Minute (ml/min) According to the Test Item and Reference to Adult Baseline Saliva Production

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


