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A B S T R A C T

Background: Salivary peptidome profiling analysis has advantages of simplicity and non-invasiveness and great
potentiality for screening, monitoring or primary diagnosis of diseases, but may be subjected to change against
interferences like diet.
Methods: We conducted a 5-day study to investigate the influence of 3 kinds of beverages (orange juice, sugar-free tea,
and sugar-free liquid yoghurt; water as control) on children's salivary peptidome using mass spectrometry techniques.
Results: All the groups shared a relatively stable pattern in heatmaps during the experimental days. Principal
component analysis plot presented slight shifts in all the intervention groups between the baseline and inter-
vention period while samples were not distinctly separated by date. The numbers of significantly changed
peptides after short-term orange juice and tea intervention were four and three, respectively, while no changes
occurred in the yoghurt group and control. Four of these peptides were identified as histatin-3, collagen alpha-
1(IV) chain, zinc finger protein 805, and quinolinate synthase A.
Conclusions: Salivary peptidome has its own stability against beverage intervention, confirming the feasibility
and validity of using it as a potential reference for the healthy state of the body, with diet habits recorded and
considered as a confounder if necessary.

1. Introduction

Saliva contains a huge number of protein species, including nu-
merous low-molecular-weight peptides, which could reflect the biolo-
gical processes taking place in oral cavity [1] and indicate the phy-
siological and pathological state of the whole body [2]. With the
advantages of simple and non-invasive collection methods, and un-
complicated and comparatively inexpensive processing procedures,
salivary peptidome profiling analysis was considered to have great
potentiality in screening, monitoring or primary diagnosis of oral and
systemic diseases, such as dental caries, periodontal diseases, oral
cancer, Sjögren’s syndrome, cardiovascular disease and chronic kidney
disease [3–8].

As an emerging technique in recent years, the matrix-assisted laser
desorption ionization/time-of-flight mass spectrometry (MALDI-TOF-
MS), which owns advantages of high sensitivity and easy operating
procedures, has been widely used for peptidome analysis and biomarker
characterization [9]. Given that eligible biomarkers for diseases should
maintain strong stability and be slightly affected by some common
confounding and interference factors such as dietary intake [10],
whether salivary biomarkers could keep this characteristic become
quite important since saliva experiences daily disturbances such as food
and beverage intake frequently. Several previous studies found that
certain types of salivary proteins might be partly affected by diet
[11,12] or react with some composition of food [13], but the effects of
diet intake on the profiles of salivary peptides (potential biomarkers)
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remains unclear, particularly for that of beverages, which are much
popular worldwide and could serve as representatives for daily inter-
ferent on the oral peptidome [14,15].

Children, a population with relatively poor oral hygiene skills but
rarely affected by periodontitis and most non-communicable diseases
[16,17], may be an appropriate option as subjects for studies related to
interventions on oral microenvironment. Therefore, we conducted a
short-term longitudinal study to investigate the influence of 3 kinds of
popular beverages (orange juice, sugar-free tea, sugar-free liquid yo-
ghurt, as representatives of the effects of sugar, tea polyphenols, exo-
genous bacteria / milk proteins, respectively) and water (as control) on
children’s salivary peptidome using the techniques of MALDI-TOF MS
and Nano-LC/ESI-MS/MS, to further explore the characteristics of
salivary peptidome in response to beverage interventions (Fig. 1).

2. Methods

2.1. Study participants

60 study participants were recruited from 190 children (aged
3–5 years) in one kindergarten at Chaoyang District of Beijing, according
to the inclusion criteria as follows: (i) no history of systemic diseases, oral
diseases and dental treatment; (ii) no antibiotic use within the past
month; (iii) no upper respiratory infections within the past fortnight
[18]. In total 39 participants (Supplementary Table 1) completed the
whole study course, while the other 21 were dropped because of absence,
poor compliance, or contamination of saliva sample (e.g. bloody saliva).
All these children had been living at the kindergarten under a unified
schedule for at least 7 months before the study commenced, with in-
formed consents signed by their guardians. Ethics approval was obtained
from the Ethics Committee of Peking University School and Hospital of
Stomatology (issue number: PKUSSIRB-201413035).

2.2. Sample collection

Children were grouped into Group J, T, Y, and W (for Juice, Tea,
Yoghurt and Water) with gender and age matched as far as possible
(Supplementary Table 2). The sampling procedures lasted for five
consecutive days in April 2014 (Monday to Friday), with the first and
last day set as the baseline and washout period, respectively. Weekdays
were selected to perform the sampling of saliva to reduce the impact of
different family diet habits during weekends, as these children had
undergone the same schedules on their weekdays at the kindergarten.
Beverage intervention were implemented from day 2 to day 4 (“ex-
perimental days”), during which period approximately 80 mL of the
corresponding beverage (Supplementary Table 3) was given to each
participant at 4 separate time points (9:30, 10:00, 11:00 and 14:00).
Besides the designated beverages, children were instructed to drink
water only during the 5 days.

Due to potentially poor compliance of the 3–5 year-olds, stimulated
method of tooth brushing by professionals [19] was more frequently
used to collect the adequate amount of saliva. Stimulated whole saliva
(~2 mL) was collected at 14:30 every day. With the assistance of

passive tooth brushing by trained dentists from Peking University
School and Hospital of Stomatology, children kept their heads bent
slightly forward to make saliva drooling from the mouth floor to the
funnel. Both the intake of beverages at 4 time points and the collection
of saliva were recorded by research fellows. 9 children missed inter-
vention for at least once because of absence, while 2 children had taken
extra milk during the intervention period. For the sake of strict quality
control, samples collected from these participants were all excluded
from the present study. The saliva samples were collected in sterile, ice-
chilled tubes and immediately placed in liquid nitrogen for temporary
storage to avoid dramatic changes in the components of saliva in vitro.
At few (≤2) hours later on the same day, saliva samples were cen-
trifuged at 10,000 × g for 10 min at 4℃, and for each sample a volume
of 1 mL supernatants was sent for mass spectrometry as soon as pos-
sible, whereas the rest part was stored in −80℃ refrigerator until
further use.

2.3. WCX enrichment and MALDI-TOF MS

All saliva samples were fractionated using a weak cation exchange
magnetic bead (WCX MB) kit (Bioyong Tech, Beijing, China). Samples
were purified and isolated with the steps (Supplementary Fig. 1) below
(following previous studies by our research group [5,20]): (i) 20 μL of
beads, 150 μL of MB-WCX binding solution (CB), and 20 μL of salivary
sample were mixed carefully and incubated for 5 min. (ii) The tubes
were placed on the MB separation device (Bioyong Tech) and the beads
were allowed to collect on the tube wall for 1 min. (iii) The supernatant
was removed by washing and mixed thoroughly with 80 μL of MB
washing solution (CW). (iv) Another 10 μL of MB elution solution (CE)
was added, and the beads were allowed to gather on the tube wall in the
separation device for 2 min. (v) Clear supernatant was transferred into a
fresh tube, and its peptide composition was analyzed directly by the
ClinTOF-II device (Bioyong Tech, Beijing, China) or stored at −20 °C.

Anchor chip spotting and MALDI-TOF MS profiling were performed
with the following steps: Initially, the matrix solution, 5 mg/mL CHCA
(α-cyano-4-hydroxycinnamic acid) in 50% acetone / 0.1% TFA solution
was prepared; Then, 1 μL of purified peptide solution was spotted onto a
MALDI-TOF MS target by the ClinTOF-II; After drying at room tem-
perature, 1 μL of matrix solution was spotted onto the sample, and dried
again before analysis; MALDI-TOF MS were performed using the
ClinTOF-II device. Before analyzing, a three-peptide mixture (mono-
isotopic molecular weights of 1532.8582, 2464.1989, and 5729.6087 Da,
Product Numbers P2613, A8346, and I6279, respectively; Sigma) was
used for calibration. Profile spectra were acquired from an average of
400 laser shots per sample. Data with the mass range of 1,000–10,000
were collected. Each sample of saliva was analyzed for 3 times.

2.4. Data processing and statistical analysis

All the spectra obtained from the samples were analyzed using
BioExplorer 1.0 (Bioyong Tech) software. The mean relative peak in-
tensities were acquired with the chemical and electrical noises sub-
tracted. Then, the spectra were normalized using total ion current, with
intensities and peak mass-to-charge ratio (m/z) values determined in
the range of 1,000–10,000. A signal-to-noise (S/N) ratio > 5 was re-
quired. To align the spectra, the mass shift was set as no > 0.1%. The
peak area was analyzed for quantitative standardization.

Data were analyzed using BioExplorer 1.0 statistical package and
SPSS 20.0 software (IBM, Armonk, NY). Differences in peptide levels
among the 3 experimental days were evaluated using repeated-mea-
sures ANOVA by Mauchly's Test of Sphericity and the tests of effects
within subjects: If P (Mauchly's Test of Sphericity) ≥ 0.05, the P value
of sphericity assumed was adopted; then, if P (Mauchly's Test of
Sphericity) < 0.05, and epsilon (ε) < 0.75, the P value of
Greenhouse-Geisser was adopted; otherwise, if P (Mauchly's Test of
Sphericity) < 0.05, and epsilon (ε) > 0.75, the P value of Huynh-

Fig. 1. The schematic diagram of the sampling and study procedures.
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Feldt was adopted. For all other tests except Mauchly's Test of
Sphericity, the threshold of statistical significance was set at P < 0.01.
False discovery rate (FDR) was used to control for multiple testing.

2.5. Principal component analysis

STAMP 2.1.3 software [21] was used to perform the Principal
Component Analysis (PCA) on peptidome profiles in different groups.

2.6. Peptide sequences

The sequences of significantly changed peptides in the model were
identified using a nano-liquid chromatography-electrospray ionization-

tandem mass spectrometry (nano-LC/ESI–MS/MS) system consisting of
an ACQUITY UPLC system (Waters, Milford, MA) and an LTQ Obitrap XL
mass spectrometer (Thermo Fisher Scientific, Rockford, IL) equipped
with a nano-ESI source. The MS/MS experimental protocol was as fol-
lows: The supernatant was loaded onto a C18 trap column (Symmetry
nano-ACQUITY; Waters) (180 μm × 20 mm × 5 μm) with a flow rate of
15 μL/min. Then, the desalted peptides were enriched on a C18 analy-
tical column (Symmetry nano-ACQUITY) (75 μm × 150 mm × 3.5 μm)
at a flow rate of 400 μL/min. Third, the mobile phases A (5% acetonitrile
and 0.1% formic acid) and B (95% acetonitrile and 0.1% formic acid)
were used on the analytical columns. The profile of solvent B was at 5%
during elution, was ramped to 30% after 5 min and remained for 45 min,
then increased to 90% for 8 min, and decreased to 5% for 5 min. The
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Fig. 2. Heatmaps of all the peptide peaks in the 4 groups (W, J, T, and Y) on day 1, 3, and 5. The m/z values (y-axis) is listed in Supplementary Table 4 with the same
order.
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mass spectrometry device was operated in data-dependent mode. The m/
z range of full scan was 400–2000 with a mass resolution of 100,000 (m/
z 400). The eight monoisotope ions with the highest intensities were the
precursors for collision-induced dissociation. MS/MS spectra were lim-
ited to two consecutive scans per precursor ion followed by 60 s for
dynamic exclusion. Acetylation (N-Term) and oxidation (M) were used as
post-translational modifications. The initial screening was carried out
after inputting the MS/MS figure to the Proteome Discoverer 1.4 soft-
ware (Thermo Fisher Scientific).

The parameters used were listed below: the minimum number of
peaks in MS/MS figures was set as 10, the range of molecular weight of
the parent ion was 350–5,000, and the threshold of S/N ratio was 1.5.
After initial screening, the mass spectra were searched using Mascot
software (version: 2.3.2) based on variable and fixed modifications.
Database included the Homo sapiens data (human, 20,255 sequences)
of SwissProt 2012_03 (535,248 sequences; 189,901,164 residues) and
the bacteria data (eubacteria, 331,887 sequences) of SwissProt 2015_01
(547,357 sequences; 194,874,700 residues). The parameters for gen-
erating the peak lists were as follows: FDR ≤ 1%, accuracy of peptide
tol: 50 ppm, accuracy of MS/MS tol: 0.3D.

3. Results

3.1. The stable profiles of salivary peptide

In the 4 groups, in total 39 healthy children (average age of
56.3 ± 6.3 months; 18 males and 21 females; details in Supplementary
Table 1) completed the full course of the present study. No statistical
significance was found between the 4 groups in age and gender (p＞
0.05). A total of 117 saliva samples were collected for the 3 experi-
mental days.

The entire mass spectra of peptides from the saliva samples were
analyzed and compared using MALDI-TOF MS. The maximum intensity
of a saliva peptidome peak appearing between two adjacent m/z values
were regarded to belong to its most proximal m/z value; most peaks
were in the range of 1000 ± 4,000 (Supplementary Fig. 2). An average
of 100 peaks were detected in each group after alignment (Fig. 2).

3.2. The response of salivary peptides to beverages

All the groups shared a similarly stable pattern on day 1, 3, and 5 for
peaks with m/z values < 3,000, whereas the patterns of peaks with m/
z values > 3,000 appeared to be diverse and uneven in Group J, T and
Y (Fig. 2). The result of Principal Component Analysis figured out
changes in salivary peptides of the 4 groups, showing that individuals
had an indiscrete distribution in most areas in Group Y while some
samples on day 1 kept separated from those on day 3 and 5 in Group J
and T (Fig. 3A-3D).

3.3. Differentially expressed peptide peaks

The masses were quantified and compared to select out differen-
tially expressed peptides (Fig. 4). In Group W and Y, there were no
significantly changed peptides. In Group J, a total of four peptides ex-
hibited significant differences, with m/z values of 1531.6, 3365.1,
3436.4 and 3483.6 (FDR < 0.17). The intensity of the peptide with m/
z 1531.6 declined on day 3 and returned to the baseline level on day 5,
while the other three peptides kept the declining trend on day 5. In
Group T, a total of three peptides were found to be significantly
changed, including those with m/z values of 3367.7, 3441.1, and
3482.8 (FDR < 0.2). All of them had a declining tendency on day 3 but
appeared to recover on day 5.

Nano-LC/ESI-MS/MS was carried out to identify possible proteins
which these peptides might derive from. It was regarded as the same
peptide if the difference between experimental and theoretical m/z
values was < 5. Finally, four of the six differentially expressed peptides

(experimental m/z values: 1531.6, 1851.4, 1886.5, and 2331.0) were
successfully identified (Table 1), with three of them from human and
the other one from bacteria.

4. Discussion

With the technique of mass spectrometry, the present study ex-
plored the variation of salivary peptidome against interventions by
three kinds of popular beverages, which was an important issue of
concern in salivary biomarker studies that daily activities such as diet
intake might affect the compositions of saliva.

Most salivary peptides kept stable after beverage intake in the
present study. Previously, it was reported that the secretion of salivary
proteins could be influenced by circadian rhythm, taste, and mastica-
tory movement [22–24]. Studies also found that the total amount and
composition of salivary proteins, as well as the salivary flow rate, could
be influenced by taste stimulation [25,26]. However, in another study,
most influences of sodium-chloride and sucrose solutions on salivary
protein composition were observed in 1 min, with almost no effects
observed after 20 min [27], which was even less than the interval be-
tween beverage drinking and sampling procedures in our study (30 min
or so). Based on the above, the most probable explanation is that
beverages might result in temporary influences on salivary proteins, but
have little persistent effects. As these endogenous salivary peptides
were believed to be originated from large proteins via the counter-
balancing regulation by their inhibitors [1,28] and proteolysis by pro-
teases which might be related to some pathological conditions some-
times [28], it was speculated that the nature of barely-affected activity
of proteases was playing a more important role than the interaction
been proteins and beverage ingredients in maintaining the stable state
of salivary peptidome in response to beverage intake.

In Group J, four significantly changed peptides were detected after
drinking orange juice, which beverage was rich in carbohydrates and
health-promoting bioactive compounds such as flavanones hesperidin
and naringenin [29]. As previously reported, the intake of naringenin
was able to reduce the salivary flow rate in rats [30], while 50 mM
sucrose could elevate the concentration of α-amylase in saliva [31]. In
the present study, histatin-3, a member of the histatin family with an-
timicrobial functions [32], was the only one successfully identified in
all significantly changed peptides in Group J, with no previous reports
regarding its relationship with the orange juice so far. In Group T, three
peptides exhibited a significant change in response to green tea, which
mainly consists of polyphenols (~90%, a kind of tannin) and catechins
such as epigallocatechin gallate (EGCG) and gallocatechin gallate
(GCG) [33]. Some salivary proteins, including salivary proline-rich
proteins [34], salivary histatins [35], α-amylase, and salivary mucins
[36,37], were demonstrated to have the ability of binding polyphenols,
but the three significantly changed peptides observed in our study did
not belong to any of them. Furthermore, by virtue of the antibacterial
effects of EGCG [38], the microbiome structure in saliva might be
subjected to a change. Although one significantly changed peptide was
identified to be derived from a bacterial protein, namely quinolinate
synthase A of Dehalococcoides mccartyi, it remained doubtful as this
microbe was not listed in the Human Oral Microbiome Database
(HOMD) project (version 15.2). However, since quinolinate synthase
exists widely in prokaryotes [39], while some genera (e.g. Chloroflexi)
from the same phylum with Dehalococcoides were already found in the
oral cavity [40], the limited capacity of the database might be a po-
tentially possible reason for this questionable finding. Furthermore,
with the involvement of yoghurt in the present study, we intended to
discover the influence of probiotics and milk proteins on salivary pep-
tidome, as the consumption of probiotics-containing dairy products
could increase the pH value of saliva and positively affect the microbial
ecology of the oral biofilm to some extent [41], but our results sug-
gested that probiotics in yoghurt seemed not to alter the salivary pep-
tidome profile.
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By comparing the significantly changed peaks with previous studies
on salivary peptide biomarkers [4–8,20–24], one peptide with m/z
value of 3436.4 was reported as potential biomarkers for periodontal
diseases [5]. Moreover, histatin-3, which was identified both in the
present study (in Group J) and in a previous biomarker study for
chronic kidney disease [8], was proved to be particularly sensitive to
proteolytic degradation [42]. This remind us that some peptides, in-
cluding but not limited to the above two, may need more attention
when extrapolating the findings related to them in some salivary bio-
marker studies. It would be better if diet habits (including beverage-
drinking habits) are recorded before sampling and considered as a po-
tential confounder if necessary in future studies.

Some limitations of the present study should be carefully noted.
First, the beverage intervention lasted for a short term of 3 consecutive

days in this study. Since the association between proteolysis and diet
habits was found [11], while some people might drink certain bev-
erages for months or years, long-term investigations of the influence of
beverage intake on oral microenvironment are still needed. Second, the
long spatial distance between the kindergarten and our laboratory
caused inevitable freezing and thawing of saliva samples, though the
time for transport of samples had been shortened as far as possible. It is
necessary to take into consideration this point to optimize the study
procedures and diminish its impact in future studies. Third, among the
three beverages adopted in our study, orange juice and yoghurt could
have much complex composition. Hence, which component of these
beverages might impact more on the salivary peptidome still needs
further exploration in subsequent studies. Finally, the peptide-identi-
fying methodologies and procedures would surely benefit from the
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expansion and extension of databases and the development of relevant
techniques.

5. Conclusions

In conclusion, salivary peptidome has its own stability in response
to beverage consumption, whereas short-term intervention by two re-
presentative beverages (orange juice and tea) could change the profile
of salivary peptidome slightly. This confirms the feasibility and validity
of taking account of the salivary peptidome profile as a potential re-
ference for the healthy state of the body with diet habits recorded and
considered as a confounder if necessary, providing a fundamental basis
for future studies to discover biomarkers in saliva.

CRediT authorship contribution statement

Fangqiao Wei: Investigation, Data curation, Visualization, Writing -
original draft. Xiangyu Sun: Writing - review & editing. Peiyuan Tong:
Resources. Yufeng Gao: Resources. Ce Zhu: Visualization. Feng Chen:
Project administration. Shuguo Zheng: Conceptualization, Methodology.

Acknowledgements

Not applicable.
Funding information.
This work received no specific grant from any funding agency.
Declaration of interests.
The authors declare no competing financial interests.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.cca.2020.06.018.

References

[1] R. Vitorino, Digging deep into peptidomics applied to body fluids, Proteomics 18
(2018) 1700401, https://doi.org/10.1701002/pmic.201700401.

[2] K.E. Kaczor-Urbanowicz, C. Martin Carreras-Presas, K. Aro, M. Tu, F. Garcia-Godoy,
D.T. Wong, Saliva diagnostics – current views and directions, Exp. Biol. Med. 242
(2017) 459–472.

[3] C.Z. Zhang, X.Q. Cheng, J.Y. Li, et al., Saliva in the diagnosis of diseases, Int. J. Oral
Sci. 8 (2016) 133–137.

[4] C. Tian, X. Sun, X. Liu, X. Huang, F. Chen, S. Zheng, Salivary peptidome profiling
analysis for occurrence of new carious lesions in patients with severe early child-
hood caries, PLoS ONE 12 (2017) e0182712.

[5] H. Tang, C. Yuan, Z. Ma, et al., The potentiality of salivary peptide biomarkers for
screening patients with periodontal diseases by mass spectrometry, Clin. Chim.
Acta. Int. J. Clin. Chem. 495 (2019) 278–286.

[6] C. Baldini, L. Giusti, F. Ciregia, et al., Proteomic analysis of saliva: a unique tool to
distinguish primary Sjogren's syndrome from secondary Sjogren's syndrome and
other sicca syndromes, Arthritis Res. Therapy 13 (2011) R194.

[7] W.P. Jiang, Z. Wang, L.X. Xu, X. Peng, F. Chen, Diagnostic model of saliva peptide
finger print analysis of oral squamous cell carcinoma patients using weak cation
exchange magnetic beads, Biosci. Rep. 35 (2015) e00211.

[8] P. Tong, C. Yuan, X. Sun, Q. Yue, X. Wang, S. Zheng, Identification of salivary
peptidomic biomarkers in chronic kidney disease patients undergoing haemodia-
lysis, Clin. Chim. Acta Int. J. Clin. Chem. 489 (2019) 154–161.

[9] Y.T. Cho, H. Su, W.J. Wu, et al., Biomarker characterization by MALDI-TOF/MS,
Adv. Clin. Chem. 69 (2015) 209–254.

[10] J. Liu, Y. Duan, Saliva: a potential media for disease diagnostics and monitoring,
Oral Oncol. 48 (2012) 569–577.

[11] C. Mejean, M. Morzel, E. Neyraud, et al., Salivary composition is associated with
liking and usual nutrient intake, PLoS ONE 10 (2015) e0137473.

[12] M. Morzel, A. Jeannin, G. Lucchi, et al., Human infant saliva peptidome is modified
with age and diet transition, J. Proteomics 75 (2012) 3665–3673.

[13] R. Ferrer-Gallego, N.F. Bras, I. Garcia-Estevez, et al., Effect of flavonols on wine
astringency and their interaction with human saliva, Food Chem. 209 (2016)
358–364.

[14] H.A. Eicher-Miller, Boushey CJ. How, Often and how much? Differences in dietary
intake by frequency and energy contribution vary among U.S. Adults in NHANES
2007–2012, Nutrients (2017) 9.

[15] S. Pettigrew, M. Jongenelis, K. Chapman, C. Miller, Factors influencing the fre-
quency of children's consumption of soft drinks, Appetite 91 (2015) 393–398.

[16] N.J. Kassebaum, E. Bernabe, M. Dahiya, B. Bhandari, C.J. Murray, W. Marcenes,Ta
bl
e
1

Id
en

tifi
ca

tio
n

of
si

gn
ifi

ca
nt

ly
ch

an
ge

d
pe

pt
id

es
.

G
ro

up
m

/z
D

es
cr

ip
tio

n
Sp

ec
ie

s
M

r(
ex

pt
)

M
r(

ca
lc

)
pp

m
Sc

or
e

Ex
pe

ct
Ra

nk
U

ni
qu

e
Se

qu
en

ce

J
15

32
H

is
ta

tin
-3

H
om

o
sa

pi
en

s
15

29
.7

70
6

15
29

.7
34

8
23

.4
17

1.
7e

+
00

2
1

U
F.

H
EK

H
H

SH
RG

YR
S.

N
J

33
65

U
nk

no
w

n
–

–
–

–
J

34
36

U
nk

no
w

n
–

–
–

–
J

34
84

U
nk

no
w

n
–

–
–

–
T

33
68

Co
lla

ge
n

al
ph

a-
1(

IV
)

ch
ai

n
H

om
o

sa
pi

en
s

33
64

.7
16

6
33

64
.7

26
−

2.
90

1
1.

1e
+

00
4

4
U

D
.K

G
LP

G
LD

G
IP

G
VK

G
EA

G
LP

G
TP

G
PT

G
PA

G
Q

KG
EP

G
SD

.G
T

34
41

Zi
nc

fin
ge

r
pr

ot
ei

n
80

5
H

om
o

sa
pi

en
s

34
46

.5
29

6
34

46
.6

92
2

−
47

.1
9

16
1.

5e
+

00
2

1
U

D
.Q

D
G

FS
EM

Q
G

ER
LR

PG
LD

SQ
KE

KL
PG

KM
SP

K.
H

T
34

83
Q

ui
no

lin
at

e
sy

nt
ha

se
A

D
eh

al
oc

oc
co

id
es

m
cc

ar
ty

i
34

85
.8

16
8

34
85

.6
99

33
.7

2
2.

7e
+

00
4

8
U

A
.R

YP
G

LP
VV

CY
VN

ST
A

EV
KA

ES
D

IC
CT

SA
N

A
VK

V.
V

F. Wei, et al. Clinica Chimica Acta 509 (2020) 101–107

106

https://doi.org/10.1016/j.cca.2020.06.018
https://doi.org/10.1016/j.cca.2020.06.018
https://doi.org/10.1701002/pmic.201700401
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0010
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0010
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0010
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0015
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0015
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0020
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0020
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0020
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0025
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0025
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0025
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0030
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0030
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0030
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0035
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0035
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0035
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0040
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0040
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0040
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0045
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0045
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0050
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0050
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0055
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0055
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0060
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0060
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0065
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0065
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0065
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0070
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0070
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0070
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0075
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0075
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0080


Global burden of severe periodontitis in 1990–2010: a systematic review and meta-
regression, J. Dent. Res. 93 (2014) 1045–1053.

[17] World Health Organization, Global status report on noncommunicable diseases
2010, WHO, Geneva, 2011.

[18] James Versalovic WK, Mark Watson, Michael Dunne, Human Microbiome Project –
Core Microbiome Sampling Protocol A. 2009: Baylor College of Medicine and
Washington University.

[19] K. Inenaga, T. Inangaki, R. Hosokawa, K. Ono, Parotid salivary secretion induced by
stimulation of periodontal regions with toothbrush in humans, J. Medical
Investigation JMI 56 (Suppl) (2009) 277.

[20] X. Sun, X. Huang, X. Tan, et al., Salivary peptidome profiling for diagnosis of severe
early childhood caries, J. Transl. Med. 14 (2016) 240.

[21] D.H. Parks, R.G. Beiko, Identifying biologically relevant differences between me-
tagenomic communities, Bioinformatics (Oxford, England) 26 (2010) 715–721.

[22] S. Kc, X.Z. Wang, J.E. Gallagher, Diagnostic sensitivity and specificity of host-de-
rived salivary biomarkers in periodontal disease amongst adults: systematic review,
J. Clin. Periodontol. 47 (2020) 289–308.

[23] K. Al-Manei, N. Almotairy, N. Bostanci, A. Kumar, A. Grigoriadis, A systematic
review. Proteomics clinical applications, Effect of Chewing on the Expression of
Salivary Protein Composition (2019) e1900039.

[24] E. Roblegg, A. Coughran, D. Sirjani, Saliva: An all-rounder of our body, European J.
Pharmaceutics Biopharmaceut. Offic. J. Arbeitsgemeinschaft Pharmazeutische
Verfahrenstechnik eV 142 (2019) 133–141.

[25] C. Dinnella, A. Recchia, S. Vincenzi, H. Tuorila, E. Monteleone, Temporary mod-
ification of salivary protein profile and individual responses to repeated phenolic
astringent stimuli, Chem. Senses 35 (2010) 75–85.

[26] E. Neyraud, T. Sayd, M. Morzel, E. Dransfield, Proteomic analysis of human whole
and parotid salivas following stimulation by different tastes, J. Proteome Res. 5
(2006) 2474–2480.

[27] E. Silletti, J.H. Bult, M. Stieger, Effect of NaCl and sucrose tastants on protein
composition of oral fluid analysed by SELDI-TOF-MS, Arch. Oral Biol. 57 (2012)
1200–1210.

[28] B. Magalhaes, F. Trindade, A.S. Barros, et al., Reviewing mechanistic peptidomics in
body fluids focusing on proteases, Proteomics 18 (2018) e1800187.

[29] C. Li, H. Schluesener, Health-promoting effects of the citrus flavanone hesperidin,
Crit. Rev. Food Sci. Nutr. 57 (2017) 613–631.

[30] N. Wood, The effects of selected dietary bioflavonoid supplementation on dental
caries in young rats fed a high-sucrose diet, J. Med. Food 10 (2007) 694–701.

[31] L.F. Harthoorn, C. Brattinga, K. Van Kekem, E. Neyraud, E. Dransfield, Effects of
sucrose on salivary flow and composition: differences between real and sham in-
take, Int. J. Food Sci. Nutr. 60 (2009) 637–646.

[32] Z. Khurshid, S. Najeeb, M. Mali, et al., Histatin peptides: Pharmacological functions
and their applications in dentistry, Saudi Pharmaceut. J.: SPJ : Official Publ. Saudi
Pharmaceut. Soc. 25 (2017) 25–31.

[33] M.I. Prasanth, B.S. Sivamaruthi, A review of the role of green tea (camellia sinensis)
in antiphotoaging, stress resistance, neuroprotection, and autophagy, Nutrients 11
(2019) E474.

[34] F. Canon, F. Pate, V. Cheynier, et al., Aggregation of the salivary proline-rich
protein IB5 in the presence of the tannin EgCG, Langmuir : ACS J. Surf. Colloids 29
(2013) 1926–1937.

[35] N. Naurato, P. Wong, Y. Lu, K. Wroblewski, A. Bennick, Interaction of tannin with
human salivary histatins, J. Agric. Food. Chem. 47 (1999) 2229–2234.

[36] K. Hara, M. Ohara, I. Hayashi, et al., The green tea polyphenol (-)-epigallocatechin
gallate precipitates salivary proteins including alpha-amylase: biochemical im-
plications for oral health, Eur. J. Oral Sci. 120 (2012) 132–139.

[37] H.S. Davies, P.D. Pudney, P. Georgiades, et al., Reorganisation of the salivary mucin
network by dietary components: insights from green tea polyphenols, PLoS ONE 9
(2014) e108372.

[38] J. Steinmann, J. Buer, T. Pietschmann, E. Steinmann, Anti-infective properties of
epigallocatechin-3-gallate (EGCG), a component of green tea, Br. J. Pharmacol. 168
(2013) 1059–1073.

[39] O.A. Esakova, A. Silakov, T.L. Grove, et al., Structure of quinolinate synthase from
pyrococcus horikoshii in the presence of its product, quinolinic acid, J. Am. Chem.
Soc. 138 (2016) 7224–7227.

[40] Y. Xu, Y.H. Jia, L. Chen, W.M. Huang, D.Q. Yang, Metagenomic analysis of oral
microbiome in young children aged 6–8 years living in a rural isolated Chinese
province 24 (2018) 1115–1125.

[41] P. Nadelman, M.B. Magno, D. Masterson, A.G. da Cruz, L.C. Maia, Are dairy pro-
ducts containing probiotics beneficial for oral health? A systematic review and
meta-analysis, Clin. Oral Invest. 22 (2018) 2763–2785.

[42] E.J. Helmerhorst, Whole saliva proteolysis: wealth of information for diagnostic
exploitation, Ann. N. Y. Acad. Sci. 1098 (2007) 454–460.

F. Wei, et al. Clinica Chimica Acta 509 (2020) 101–107

107

http://refhub.elsevier.com/S0009-8981(20)30282-5/h0080
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0080
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0085
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0085
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0095
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0095
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0095
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0100
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0100
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0105
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0105
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0110
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0110
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0110
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0115
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0115
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0115
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0120
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0120
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0120
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0125
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0125
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0125
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0130
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0130
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0130
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0135
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0135
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0135
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0140
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0140
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0145
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0145
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0150
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0150
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0155
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0155
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0155
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0160
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0160
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0160
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0165
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0165
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0165
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0170
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0170
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0170
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0175
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0175
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0180
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0180
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0180
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0185
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0185
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0185
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0190
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0190
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0190
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0195
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0195
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0195
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0200
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0200
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0200
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0205
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0205
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0205
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0210
http://refhub.elsevier.com/S0009-8981(20)30282-5/h0210

	The stability of children’s salivary peptidome profiles in response to short-term beverage consumption
	Introduction
	Methods
	Study participants
	Sample collection
	WCX enrichment and MALDI-TOF MS
	Data processing and statistical analysis
	Principal component analysis
	Peptide sequences

	Results
	The stable profiles of salivary peptide
	The response of salivary peptides to beverages
	Differentially expressed peptide peaks

	Discussion
	Conclusions
	CRediT authorship contribution statement
	Acknowledgements
	mk:H1_18
	Supplementary material
	References




