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Original Article

Salivary cariogenic bacteria counts are associated with
obesity in student women at a Malaysian university

Wey-Zheng Yeo BSc, Sheng-Pei Lim BSc, Yee-How Say PhD

Department of Biomedical Science, Faculty of Science, Universiti Tunku Abdul Rahman (UTAR) Kampar

Campus, Perak, Malaysia

Background and Objectives: The counts of cariogenic bacteria lactobacilli and mutans streptococci have been
studied and correlated with sugar intake. This study was to investigate the association between salivary lactoba-
cilli and mutans streptococci counts with sweet food eating behavior and sweet sensitivity among 120 Malaysian
women (101 ethnic Chinese, 19 ethnic Indians), while taking into account anthropometric and menstruation vari-
ables. Methods and Study Design: Demographics, anthropometric measurements and menstrual history were
taken. Hedonic preference, intake frequency of a list of sweet foods, intensity perception and pleasantness ratings
of sweet stimuli were assessed. Saliva was collected for lactobacilli and mutans streptococci culture. Results: We
found that centrally obese subjects (high waist circumference and waist-hip ratio) had significantly higher sali-
vary lactobacilli and mutans streptococci counts (all p<0.05), while overweight and high total body fat subjects
had significantly higher salivary mutans streptococci counts (p<0.001). The sweetness intensity perception of
chocolate malt drinks was significantly lower in women who were in their pre-menstrual (post-ovulation) phase.
However, menstruation variables (menstrual phases, regularity and pre-menstrual syndromes) did not play a role
in determining compulsive eating, sweets/chocolate craving and salivary lactobacilli and mutans streptococci
counts. Conclusions: Taken together, salivary lactobacilli and mutans streptococci counts of the Malaysian
women are associated with central obesity, but not sweet food eating behaviour, sweet sensitivity and menstrua-
tion variables. Salivary microbiome analysis could be useful as a potential diagnostic indicator of diseases such as

obesity.
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INTRODUCTION

People with a ‘sweet tooth’ are those who have a persis-
tent desire to eat sweet products.' Malaysians are said to
have one of the ‘sweetest teeth’ in the Asia Pacific region,
with 43.3 kg/capita/year for the Food Supply Quantity for
sugar and sweeteners in 2011 — way higher than China
(7.4) and India (22.0), but still lower than Australia (46.5),
Brunei (49.1) and New Zealand (54.8).” Increased caloric
intake from sugar can cause energy imbalance and might
have contributed to the high combined prevalence of
overweight and obesity of 43.8% and 48.6% among men
and women above 20 years in Malaysia, respectively.’
However, it is controversial whether the increased prefer-
ence of sweet foods (which may also lead to increased
intake frequency) is correlated to body mass index (BMI).
In our previous study, we showed that lean subjects sig-
nificantly preferred more, took more frequently and
craved more sweet foods compared to overweight sub-
jects.* In relation to that, as a measurement of ‘sweet
tooth’, we also assessed the intensity perception and
pleasantness ratings of sweet stimuli among lean and
overweight subjects, and found that there was no signifi-
cant difference between them.’ Indeed, most cross-
sectional food surveys showed an inverse relationship
between sugar intake and BMI®® and under-reporting in
the dietary survey has been attributed as the cause for

it.”!° Thus, this calls for the need of an objective marker
for sugar intake to be used complementarily in dietary
surveys.

Lactobacilli (LB) and mutans streptococci (MS) are ac-
id-producing and acid-resistant groups of bacteria which
ferments carbohydrates (monosaccharide, disaccharides
and starch), and sucrose fermentation by them into low
pH lactic acid causes dental caries.'' The counts of these
cariogenic bacteria has been studied and correlated with
sugar intake (reviewed in'?). Barkeling et al (2001;
2002)"*!" found that the salivary MS counts were higher
in obese women in the absence of an association between
reported habitual energy intake of sweet foods and BMI,
probably due to under-reporting. In their studies also,
they took into consideration the effect of menstruation
variables such as menstrual phases, regularity and pre-

Corresponding Author: Dr Yee-How Say, Department of Bi-
omedical Science, Faculty of Science, Universiti Tunku Abdul
Rahman (UTAR) Kampar Campus, Jalan Universiti, Bandar
Barat, 31900 Kampar, Perak, Malaysia.

Tel: +605-4688888 ext. 4505; Fax: +605-4661676

Email: sayyh@utar.edu.my; howsyh@gmail.com

Manuscript received 18 July 2016. Initial review completed 29
September 2016. Revision accepted 12 October 2016.

doi: 10.6133/apjcn.032017.14



100 Yeo, SP Lim and YH Say

eating behaviors like compulsive eating and sweet foods
craving."*'* Therefore, they proposed that salivary cario-
genic bacteria counts could be a potential objective mark-
er for sugar intake. However, the review by Vagstrand
and Birkhed (2007)" concluded that there is limited to
moderate scientific strength for the association between
salivary cariogenic bacteria (LB and MS) and sugar in-
take, because of the presence of many confounding fac-
tors.

The role of salivary and gut microbiome in obesity has
been shown in various studies.'” " There was increased
abundance of the Firmicutes phylum bacteria (which LB
and MS belong to) found in the saliva of obese subjects,
compared to normal-weight subjects.”'® This indicates
that the amount of LB and MS in the saliva could modu-
late obesity directly, independently and regardless of the
amount of sugar intake.

Therefore, the aim of this study was to assess the he-
donic preference and intake frequency of a list of 20
sweet foods, the intensity perception and pleasantness
ratings of sweet stimuli and to enumerate the salivary
counts of LB and MS in female students with different
body compositions and menstruation variables. The asso-
ciation between salivary LB and MS counts with sweet
foods eating behavior and sweet sensitivity while taking
into account anthropometric and menstruation variables
was then investigated.

METHODS

Subjects

A convenience sampling method was adopted for this
study. Questionnaire and sample collection was carried
out among students of Universiti Tunku Abdul Rahman
(UTAR) Kampar campus from January to March 2013.
The inclusion criteria for this study were female subjects
who were not pregnant and without any medical history
such as long-term medication, chronic medical treatment
or had antibiotic treatment during the past 2 months. The
demographic information collected from subjects includ-
ed their age, gender, self-identified ethnicity. A total of
120 healthy and unrelated female subjects (101 ethnic
Chinese, 19 ethnic Indians; mean age of 20.6+1.51 years)
were recruited. This study has been approved by the
UTAR Scientific and Ethical Review Committee
(UTAR/SERC/2012/30May), all the subjects signed in-
formed consent forms, and the study was conducted in
accordance with the Declaration of Helsinki in 1995 (as
revised in Edinburgh 2000).

Questionnaire, sweet stimuli ratings, menstrual history
and anthropometric measurements

A self-administered questionnaire on the preference, in-
take frequency and craving of a list of 20 types of com-
monly available sweet Malaysian foods and beverages
was presented, as described in our previous study.” Pud-
ding and jelly/jam on bread removed from original list as
the ratings were too low across all subjects (all less than 2)
and therefore would not add any value to statistical analy-
sis. The sweet stimuli consisted of three suprathreshold
concentrations of sucrose solutions of 3%, 7.5% and
18.75% w/v,”® and two 3-in-1 chocolate malt drinks (Vi-
co®) - less sugar (38 g sugars/100 g) and original (56 g

sugars/100 g). The chocolate malt drink was prepared
with boiling water, kept inside a thermos flask, and
served lukewarm to the subjects. Subjects rated their in-
tensity perception and pleasantness ratings using the gen-
eral Labelled Magnitude Scale (gLMS)*' and Labelled
Affective Magnitude (LAM) scale,” respectively. Further
details on the preparation of the stimuli and how sensory
evaluation was conducted are as explained in our previ-
ous study.’

The subjects’ menstrual history and complications
were assessed based on the adaptations of questions from
Barkeling et al (2001; 2002)"*'* and Smith and Saunder
(1969).* The age of first menstruation, current period of
menstrual cycle (pre, menstruating or post), average regu-
larity of menstrual cycle (28, >28 or <28 days) were as-
sessed. General questions on sweet intake were also asked:
“Do you consider that your intake of sweet foods is a
problem for you and your weight”; “Do you eat more
sweet foods during any part of the menstrual cycle”." If
the subjects answered ‘yes’ to the latter question, they
were required to state which period that they were more
obsessed with sweet food eat more sweet food — before,
during or after menstrual cycle.'* Then, they were asked
whether their menstrual cycle will influence their eating
behavior. Subjects were also assessed on whether they
feel like eating compulsively, develop craving for sweets
and chocolates: during the time of their periods, when
they are tense or depressed, and under normal circum-
stances.” Subsequent questions dealt with whether the
subjects experienced tension/depression, pain and fluid
retention during their menstrual periods.”

Anthropometric measurements and body compositions
namely waist circumference (WC), hip circumference
(HC), waist-to-hip ratio (WHR), weight, height, body
mass index (BMI), total body fat percentage (TBF), vis-
ceral fat level (VFL), subcutaneous fat percentage (SF),
skeletal muscle percentage (SM) and resting metabolism
rate (RM) were measured as described in our previous
study.”* The cut-off points for overweight, overall adipos-
ity (TBF) and central adiposity (WC and WHR) were >23
kg/m®,> 30%,%° 80 cm® and 0.85,%7 respectively.

Culture of cariogenic bacteria LB and MS

Subjects were given a 15-mL tube containing 5 mL of
Reduced Transport Medium (RTF) buffer®® as a transport
medium for salivary bacteria collection. Self-collection of
paraffin-stimulated whole saliva (of at least 3 mL) was
performed by the subjects early in the morning (between
7 and 8 am) after they woke up and before toothbrushing
and taking breakfast. Ten saliva samples were serially
diluted in 10-fold dilutions with RTF buffer and 1 mL
sample was plated on Mitis Salivarius Bacitracin (MSB)
agar with 1% potassium tellurite solution” for MS and on
de Man, Rogosa and Sharpe (MRS) agar® for LB for the
pilot estimation of the optimal dilution for enumerable
colony forming units (CFU). The MSB agar plates were
incubated anaerobically in a chamber with GasPakTM,
(BD, NJ, USA) at 37°C for 2 days and the MRS agar
plates aerobically at 37°C for 3 days. The number of CFU
of MS on MSB agar were counted and identified by their
characteristic colony morphology,”’ while all CFU in
MRS agar were regarded as LB. The enumerable dilu-
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tions for MS and LB were 10-5 and 10-3, respectively. A
free colony counter software (OpenCFU 3.8.11, available

at http://www.softpedia.com/get/Science-CAD/OpenCFU.

shtml) was used for the determination of CFU at the op-
timal enumerable dilutions for all the saliva samples.

Statistical analysis

The IBM SPSS Statistics software (IBM Inc., NY, USA)
was used to analyze the data of the study. Descriptive
statistics was used to calculate the frequencies and per-
centages. Categorical data were compared for significant
association by Pearson’s Chi-Square test. The normality
of the continuous variables was checked using the Kol-
mogorov-Smirnov test and since they were not normally-
distributed, non-parametric tests Mann-Whitney U (for 2
variables) or Kruskal-Wallis (for >2 variables) were used
to compare means. All the means were presented as
meanztstandard error of the mean (SEM). Pearson’s par-
tial correlation test was used to correlate between two
continuous variables, while controlling for ethnicity. The
p-value of less than 0.05 was considered as statistically
significant.

RESULTS

Relationship of salivary LB and MS counts with an-
thropometric classes and anthropometric measurements
Table 1 shows the means of salivary LB and MS counts
for different ethnicities and anthropometric classes. Alt-
hough Indian subjects had higher LB and MS counts than
Chinese, the difference was not significant. Overweight
and high TBF subjects had significantly higher MS
counts but not LB counts, while subjects with high WC
and WHR had significantly higher counts of both LB and
MS. Table 2 shows that WC, WHR, TBF, SF and RM

were significantly positively correlated with both salivary
LB and MS counts, while weight, BMI and VFL were
significantly positively correlated with salivary MS
counts only. SM was not correlated with both salivary LB
and MS counts. This indicates that with the increased
obesity and body adiposity, salivary cariogenic bacteria
like LB and MS might also increase.

Correlation of preference and intake frequency of sweet
foods, and intensity perception and pleasantness ratings
of sweet stimuli with salivary counts of LB and MS

In order to determine whether salivary counts of LB or
MS could be predicted by an individual’s ‘sweet tooth’,
the preference and intake frequency of a list of common
sweet foods and drinks in Malaysia, and the intensity per-
ception and pleasantness ratings of sweet stimuli were
assessed. Among the 20 foods in the list, only apam balik
(a Malaysian pancake; normally with coarse sugar and
peanut fillings) and cendol (a palm sugar-sweetened
shaved ice dessert with condiments such as coconut milk,
a worm-like jelly made from rice flour with green food
coloring) had their preference and intake frequency show-
ing significant correlation with either salivary counts of
LB or MS, or both (Table 3). Referring to the overall
means of the preference and intake frequency of apam
balik and cendol, the subjects had a rather neutral to
slightly positive preference rating, while they only had
them around once a month or less often. Both preference
and intake frequency of apam balik were significantly
positively correlated with salivary LB counts, while only
the latter was correlated with MS counts. Only preference
of cendol was significantly positively correlated with sal-
ivary MS counts. The intensity perception and pleasant-
ness ratings of all the sweet stimuli were not significantly

Table 1. Means of salivary counts of LB and MS for different ethnicities and anthropometric classes

Variable

Mean+SEM (CFU/mL x 10°)

n (%)

LB MS
Ethnicity
Chinese 101 (84.2) 17.842.73 126+9.60
Indian 19 (15.8) 21.9£10.5 162+37.9
)4 0.67 0.54
Overall obesity:
Based on BMI
Normal 69 (57.5) 16.1£3.55 92.6+11.0
Overweight 51 (42.5) 21.5+4.58 184+15.7
p 0.20 <0.01"
Based on TBF
Normal 73 (60.8) 15.142.36 106£11.2
High 47 (39.2) 23.6+6.17 171£17.5
P 0.53 <0.01"
Central obesity:
Based on WC
Normal 73 (60.8) 13.0+£2.32 108+11.4
High 47 (39.2) 26.946.08 168+17.5
p <0.01" <0.01%*
Based on WHR
Normal 88 (73.3) 14.1+£2.67 119+11.4
High 32 (26.7) 30.2£7.32 166+20.2
p <0.01" 0.01"

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio TBF: total body fat; LB: lactobacilli; MS: mutans streptococci.

p-values by Mann-Whitney U test.
p-value significant at <0.05.
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Table 2. Correlation between salivary counts of LB and MS with anthropometric measurements

Anthropometric measurements LB MS

r p value r p value
WC 0.25 0.017 0.41 <0.017
WHR 0.37 <0.01" 0.24 0.01"
Weight 0.17 0.07 0.37 <0.01"
BMI 0.15 0.11 0.43 <0.01"
TBF 0.21 0.02" 0.37 <0.01"
SF 0.20 0.03" 0.42 <0.01"
VFL 0.14 0.13 0.41 <0.01"
RM 0.17 0.07" 0.35 <0.01"
SM -0.004 0.65 -0.15 0.11

WC: waist circumference; WHR: waist-to-hip ratio; BMI: body mass index; TBF: total body fat; SF: subcutaneous fat; VFL: visceral fat
level; RM: resting metabolism rate; SM: skeletal muscle percentage; LB: lactobacilli; MS: mutans streptococci.
r and p-values by Pearson’s partial correlation test, controlling for ethnicity.

p-value significant at <0.05.

Table 3. Correlation of preference and intake frequency of two selected sweet foods with salivary counts of LB and

MS
Correlation with CFU/mLx 10°
Sweet food Mhzgr(l)tiscEsl\cAal(e)f LB MS
r p value r p value

Apam balik

Preference 4.15+0.15 0.20 0.03" 0.07 0.46

Frequency 2.02+0.06 0.30 <0.01" 0.22 0.02"
Cendol

Preference 4.52+0.15 0.05 0.60 0.21 0.02"

Frequency 2.13+0.07 -0.09 0.33 -0.06 0.51

LB: lactobacilli; MS: mutans streptococci.

r and p-values by Pearson’s partial correlation test, controlling for ethnicity.

"p-value significant at <0.05.

correlated with salivary counts of LB and MS (data not
shown). This indicates that the subjects’ preference, in-
take and sensory sensitivity of sweet foods did not influ-
ence their salivary LB and MS counts.

Effects of menstruation cycle variables on salivary LB,
MS' counts and sweet stimuli intensity perception and
pleasantness ratings
The subjects reached their menarche at the mean age of
12.3+0.11. Majority of the subjects had the average
length of menstrual cycle of >28 days. Fifty-nine percent
(30 of 51) of the overweight women and 48% (33 of 69)
of the normal-weight women considered their intake of
sweet foods to be a contributory cause of their present
weight (p=0.23). Thirty-seven percent (19 of 51) of the
overweight subjects and 29% (20 of 69) of the normal-
weight ones had extra large intake of sweet foods
(p=0.34), where 26% of overweight women (5 of 19) and
30% (6 of 20) normal-weight women reported that they
did that prior to menstruation. Except for the intake fre-
quency of cake and the pleasantness rating of 3% sucrose
solution, the preference and intake frequency of sweet
foods, and intensity perception and pleasantness ratings
of sweet stimuli were not significantly different between
the normal-weight and overweight subjects (data not
shown).

Table 4 shows that the salivary counts of LB and MS
were not significantly different regardless of menstruation
period and regularity, and the presence or absence of pre-

menstrual tension, pain and fluid retention. The period of
the menstrual cycle where the subjects were currently at
when they performed the sweet stimuli sensory test also
did not significantly affect the intensity perception and
pleasantness ratings of the suprathreshold concentrations
of sucrose solutions (Table 5), except for the intensity
perception of regular and low-sugar chocolate malt drinks.
A LSD post-hoc analysis on the log-transformed values
of intensity perception of low-sugar chocolate malt drink
further revealed that the ratings of those who performed
the test during their post-menstrual period were signifi-
cantly higher than those at their pre-menstrual period
(»<0.001) or menstruating period (p=0.03). The influence
of the different menstruation periods on the subjects’
sweet food preference and intake frequency could not be
assessed as they did not perform the daily record of food
intake questionnaire. Nevertheless, Table 6 shows that
those who ate compulsively and craved sweets and
chocolate when depressed were not more likely to com-
plain of pre-menstrual depression and fluid retention.

DISCUSSION

The summary of the findings of this study is presented in
Figure 1. In the present study, more than half the over-
weight women considered that their intake of sweet foods
was a contributory cause of their weight problems. How-
ever, they did not report a higher sweet food preference
and intake frequency, and also were not less sensitive and
did not report higher pleasantness rating towards sweet
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Table 4. Means of salivary counts of LB and MS for various menstruation variables

Variable n (%)

Mean+SEM (CFU/mL x 10°)

LB MS

Period

Premenstrual 55 (45.8) 17.2+4.08 141£15.2

Menstruating 20 (16.7) 16.4+4.85 86.2+12.3

Post-menstrual 45 (37.5) 20.7+£5.26 140+18.1

p 0.86 0.16
Regularity

28 30(25.0) 10.6+1.86 126+16.1

>28 67 (55.8) 21.244.52 131£15.7

<28 23(19.2) 20.4+5.93 140+£15.8

P 0.74 0.41
Tense/depressed during or before period

Yes 81 (67.5) 19.5+3.53 144+13.6

No 39(32.5) 16.1+4.70 104+11.7

p 0.86 0.12
More than average pain during or before period

Yes 58 (48.3) 19.8+4.54 11112.1

No 62 (51.7) 17.1+3.46 150+£15.5

)4 0.84 0.06
Premenstrual fluid retention

Yes 30 (25.0) 25.4+7.22 145237

No 90 (75.0) 16.1+2.88 127+10.9

p 0.09 0.80

LB: lactobacilli; MS: mutans streptococci

Means and p-values are by Kruskal- Wallis test or Mann-Whitney U test.

Table 5. Sweet stimuli intensity perception and pleasantness ratings during different periods of the menstrual cycle

Mean+SEM (mm on gLMS/LAM scale)

Sweet stimulus Pre-menstrual Menstruating Post-menstrual p-value
n=55 n=20 n=45
3% sucrose solution
Intensity 14.6+1.41 12.4+1.82 19.7+2.59 0.13
Pleasantness 45.1£2.75 45.94+2.78 50.0+£2.31 0.72
7.5% sucrose solution
Intensity 37.7£2.32 40.7+£5.20 41.1£3.31 0.84
Pleasantness 45.54+2.40 49.54+2.38 43.84+2.74 0.49
18.75% sucrose solution
Intensity 63.8+2.96 65.8+4.99 70.0+£3.12 0.35
Pleasantness 35.3£2.97 39.8+4.07 30.8+£3.26 0.16
Regular chocolate malt drink
Intensity 34.6+£2.84 35.6+£3.93 47.0+£3.70 0.04"
Pleasantness 55.0£2.69 63.1£3.57 59.4+2.56 0.27
Low-sugar chocolate malt drink
Intensity 21.842.55 26.4+4.14 37.9+4.00 <0.01"
Pleasantness 56.2+2.42 60.4+3.26 59.8+2.44 0.48

Means and p-values by Kruskal-Wallis test.
p-value significant at <0.05.

stimuli compared to that of normal-weight women. On
the other hand, the overweight and high overall adiposity
(high TBF) subjects had significantly higher salivary MS
counts and also those who had high central adiposity
(high WC and WHR) had significantly higher salivary LB
and MS counts. Menstruation periods and PMS also did
not seem to affect the general and sweet food eating be-
havior of the subjects directly, and hence the counts of
salivary LB and MS indirectly. The high salivary LB and
MS counts could reflect that those who had higher TBF,
WC and WHR actually had higher intake of sweet foods
in the real situation. Although we did not perform the
habitual energy intake from sweet foods in the studies of
Barkeling et al (2001; 2002),"'* we replicated their simi-

lar findings that there was lack of relationship between
sweet food preference and intake frequency with anthro-
pometric measurements indicative of obesity and adiposi-
ty. Barkeling et al (2001; 2002)"*'"* speculated that this
could be due to under-reporting of the sweet food eating
behavior, especially among the overweight and obese
subjects. They reasoned out that sheer forgetfulness or
social desirability in missing out/recording in small quan-
tities of unhealthy foods'® could be the reasons of under-
reporting. Hence, they proposed that the salivary counts
of LB and MS could be used as simple and cheap objec-
tive tests in validating the consumption of sweet foods.
However, a review by Végstrand and Birkhed (2007)"
concluded that there is limited to moderate scientific
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Table 6. Association of premenstrual depression and premenstrual fluid retention with compulsive eating and

sweets/chocolate cravings during depression

Premenstrual depression

Premenstrual fluid retention

During depression Yes No 2 Yes No 2
n (%) n (%) X P n (%) n (%) X P
Eating compulsively 3.51  0.06 1.90 0.17
Yes 50 (61.7) 17 (43.6) 20 (66.7) 47 (52.2)
No 31(38.3) 22 (56.4) 10 (33.3) 43 (47.8)
Crave for sweets 1.56 0.21 1.61 0.21
Yes 41 (50.6) 15 (28.5) 17 (56.7) 39 (43.3)
No 40 (49.4) 24 (61.5) 13 (43.3) 51 (56.7)
Crave for chocolate 0.52 047 0.04 0.83
Yes 41 (50.6) 17 (43.6) 14 (46.7) 44 (48.9)
No 40 (49.4) 24 (56.4) 16 (53.3) 46 (51.1)
x* and p—values by Pearson’s Chi-square test.
. 1 Compulsive eating &
T Salivary LB ‘ » weets?gtjlocolaie mfing
"‘. le
1 Salivary MS ‘ % .| 1 Pre-menstrual depression, pain &
*, fluid retention
‘..‘
} ‘l

+

LT TS .
ftina, uh.

‘ 1 Swest food preference |

1 Sweet food intake
frequency

| Sweet stimuli
intensity perception

1 Sweel stimuli pleasantness
rating

Pre-menstrual stage (post-ovulation)

Figure 1. Summary of the findings of the study. Filled lines indicate positive association while dotted lines indicate no association. In-
crease in anthropometric measurements like body mass index (BMI), waist circumference (WC), waist-hip ratio (WHR), and total body
fat percentage (TBF) are associated with increased counts of salivary cariogenic microbes (LB and MS). Women who were at their pre-
menstrual stage (post-ovulation phase of the menstrual cycle) reported significantly lower intensity perception of chocolate malt drinks.
Obesity and adiposity did not affect the sweet food preference and intake frequency, and the intensity perception and pleasantness ratings
of sweet stimuli, which in turn also not associated with salivary LB and MS counts. Menstruation variables were not associated with eat-

ing behavior and salivary LB and MS counts.

strength for the association between salivary cariogenic
bacteria (LB and MS) and sugar intake, because of the
presence of many confounding factors. Therefore, the use
of bacteria counts as a precise measurement or biomarker
for sugar intake is still inconclusive and further investiga-
tion is warranted.

Another possible explanation for the lack of effect on
the sweet food preference and intake frequency on sali-
vary LB and MS counts is that the microbiota composi-
tion in the normal-weight and overweight subjects is dif-
ferent, independent of sugar intake. The salivary microbi-
ota has been linked to obesity in Boston women,'’ and
bacterial cellular abundance in oral subgingival biofilms
was associated with obesity in Swedish adolescents."
Goodson et al (2009)'? observed higher Selenomonas nox-
ia (Veillonellaceae) presence in saliva of obese women.

Furthermore, bacteria of the Firmicutes and Actinobacte-
ria phyla and Streptococcaceae, Gemellaceae and Enter-
ococcaceae families were more abundant in obese sam-
ples, whereas Proteobacteria and Fusobacteria phyla and
Fusobacteriaceae, Veillonellaceae, Prevotellaceae, Fla-
vobacteriaceae and Lachnospiraceae families dominated
in normal-weight subjects.'® As observed in previous
studies,'® we found increased counts of LB and MS
(both of Firmicutes phylum, MS of Streptococcaceae
family), in overweight subjects compared to those of
normal-weight. Since considerable amounts of bacterial
cells are swallowed daily with saliva,’* the microbiota of
saliva could therefore affect the gut microbiota composi-
tion. It is hypothesized that the higher abundance of Fir-
micutes in the saliva of overweight subjects could end up
in the gut and promote absorption of monosaccharide, and
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therefore may play a role in the development of obesi-
ty, 1718

In our study, we found that the intensity perception of
the chocolate malt drinks (but not sucrose solutions) was
highest among post-menstrual (or pre-ovulation) women,
while their pleasantness ratings were the lowest (although
not significantly). This indicates that they were more sen-
sitive in sensing ‘real-life’ sweet stimuli during their post-

menstrual period, rather than non-flavored sugar solutions.

Nevertheless, Than et al (1993)*° have indicated that su-
crose detection threshold (or sensitivity) was increased by
estrogen during pre-ovulation and decreased by proges-
terone during menstruation and post-ovulation, while the
preference for sucrose apparently increased during luteal
and menstrual phases, while decreased during follicular
and ovulatory phases.** Animal experiments also showed
the effect of estrogen on the increase of taste threshold for
sucrose in rats.*

In this study, there were more women who suffered
from depression but not pain and fluid retention. An asso-
ciation was found between craving and intake for food or
sweets at specific times of menstrual periods or during the
occurrence of PMS such as depression, pain and fluid
retention.'*'** However, we could not replicate this find-
ing. Barkeling et al (2001; 2002)"*"* proposed that PMS-
related changes in mood and food intake is a culture-
bound phenomenon as it is more well-known across the
Western society, whereas women in tribal societies do not
experience it.*® Therefore, cultural differences in the in-
fluence of PMS on eating behavior might explain the dis-
crepancies in the findings.

There were several limitations in this study. First, a
comparatively small sample size, particularly with re-
gards to Indian subjects and lack of Malay subjects, made
the results difficult to generalize to the whole population
of Malaysia. Next, the preference and intake frequency of
sweet foods were obtained through questionnaire, thus,
there is high probability of under-reporting, which may be
due to inaccuracy in answering the questionnaire. In the
future, saliva microbiota analysis of normal-weight and
overweight/obese people could be performed by pyrose-
quencing, as culture-independent techniques are required
to study the salivary microbial community since many of
its members have not been cultivated.’” The salivary mi-
crobiota could serve as a potential diagnostic indicator of
not just only obesity,">'° but also diseases like oral can-
cer,®® celiac disease™ and dental caries.*’

Conclusion

In conclusion, this study showed that the salivary counts
of cariogenic microorganisms, namely LB and MS, but
not the hedonic rating of preference and intake frequency
of a list of sweet foods, were correlated with anthropo-
metric measurements indicative of obesity and adiposity,
namely BMI, WC, WHR and TBF. Menstruation varia-
bles such as menstrual phases, regularity and PMS also
did not play a role in determining compulsive eating and
sweets/chocolate craving and salivary LB and MS counts.
It remains to be determined whether salivary LB and MS
counts could be conclusively used as an objective indica-
tor of sugar intake or ‘sweet tooth’ in the Malaysian pop-
ulation. Nevertheless, saliva microbiota analysis of nor-

mal-weight and overweight/obese people by culture-
independent pyrosequencing could be useful as a poten-
tial diagnostic indicator of several diseases besides obesi-

ty.
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