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Abstract

Information on the characteristics of commercial digestive health
products in Singapore is limited. This study examined the prebiotic,
probiotic and postbiotic compositions, additives, indications and claims
of 146 such products available in major retail (43.8%) and e-commerce
stores (56.2%) in Singapore. The results, recorded by trained research
personnel, showed that prebiotics, probiotics, and postbiotics were
added to 55.9%, 82.9%, and 2.8% respectively of the surveyed products.
Prebiotics, probiotics, and postbiotics were identified in the products at
18.5%, 81.5%, and 0.7% respectively. Fructooligosaccharides (FOS) and
lactic acid bacteria (Lactobacillus and Bifidobacterium) were the most used
prebiotics and probiotics. The products contained 64.5+50.2 mg prebiotics
and 27640142261 million CFU probiotic bacteria. Additional ingredients
added to commercial digestive health products included colourings
(13.7% of products), flavourings (21.9% of products), preservatives (2.7%
of products), and sweeteners (28.1% of products). Titanium dioxide,
lemon flavour, lactic acid, and maltodextrin were the most used colouring,
flavouring, preservative, and sweetener respectively. Claims were
declared on 68.5% of the products, with half claiming to be gluten-free.
Gut/intestinal health was the most prevalent indication among 97.3%
products with stated indications. Product characteristics from physical
and e-commerce stores were similar. The study concludes that there is
limited information available on added prebiotics and probiotics to assess
product efficacy. Any efficacies of commercial digestive health products
are not well communicated by the manufacturers. Manufacturers
should make efforts to investigate the efficacies of their products and
communicate these findings to consumers.

Keywords: Digestive health products, prebiotic, probiotic, postbiotic,
additives, indications
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Introduction

A prebiotic is a selectively fermented in-
gredient that allows specific changes in the
composition and activity of the gastrointestinal
microflora and that confers benefits upon the
host's well-being and health I". Prebiotics are
short-chain carbohydrates that are nondigest-
ible by human digestive enzymes!.

They selectively enhance the activity of some
beneficial intestinal bacteria, which ferment pre-
biotics into short-chain fatty acids M. Probiotics
are defined as an adequate number of live mi-
croorganisms able to confer health benefits on
the host™. Lactic acid bacteria, Lactobacilli and
Bifidobacteria, are the most studied probiotic
strains used in food and supplements .. Coinci-
dentally, they are part of the human intestinal
microbial flora since birth 2. Postbiotics refer to
dead microorganisms and their components ca-
pable of conferring a health benefit to the host .
They include enzymes, bacterial peptides and
proteins, polysaccharides, and organic acids
secretedbylivebacteriaorreleasedafterbacterial
lysis™. Brick-and-mortar retail outlets have been
the mainstream retail channel for decades. They
offer customers the opportunity to examine
products and/or services before purchasing.
E-commerce refers to buying and selling products
and services over an electronic network, usually
the internet. It also includes an electronic
transfer of information and funds between
buyers and sellers. These transactions can be
either business-to-business (B2B), business-to-
consumer (B2C), consumer-to-business (C2B)
or consumer-to-consumer (C2C). In Singapore,
consumers can purchase digestive health food
and supplements at physical retail outlets such
as pharmacies and health food shops or through
virtual shops such as Lazada and Shopee - two
predominant B2C e-commerce platforms serving
Singapore residents. At present, there is limited
information onthe characteristics, compositions,

claims, and indications of digestive health
products commercially available to Singapore
consumers. This study aimed to examine the
prebiotic, probiotic, and postbiotic compositions
of a selection of such digestive health supplement
products and to assess the colouring, flavouring,
preservative, and sweetening ingredients added
to these products. Their claims, indications, and
form of delivery were also studied. The country
of manufacture, retail channels and the daily
cost of consumption of each product were
evaluated. The study also aimed to examine
if the compositions, claims, indications, and
characteristics of these products differed
between physical and e-commerce retail
platforms.

Data collection

All digestive health products on the
shelves of major pharmaceutical retail outlets
(Guardians, Watson, and Unity) and two major
e-commerce platforms (Lazada and Shopee) in
Singapore were included in this study.

The name of each item and the prebiotic,
probiotic, and postbiotic used in its production
were recorded by trained research personnel.
The presence of added colourings, flavourings,
preservatives, and sweeteners in each item
was also noted from its product label. Other
product information, such as country of man-
ufacture, indications, claims, form of delivery
and price were also recorded. This information
should be printed on the item’s packaging as
regulated by the Health Science Authority, Sin-
gapore. The daily cost was computed by divid-
ing the product’s price by the number of daily
doses included in the product. The number of
daily doses was calculated as the ratio of the
delivery units in the product to the number of
delivery units recommended to be taken daily.

Data analyses
Data were statistically described and ana-
lyzed using Microsoft Excel (version 2103, April
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2021). Differences between two groups were
determined by using two-sample independent
t-tests. Significance is reached when p<0.05.

Results

Product characteristics

All 146 products included in the study
declared compositions on their labels. The
surveyed products were commercially available
to consumers via e-commerce platforms (56.2%)
and physical retail (43.8%). The studied products
were manufactured in 15 countries. Almost one-
third (30.8%) of the products were manufactured
in the United States of America. South Korea
manufactured 21.2% of the products. Two other
major manufacturing countries were the United
Kingdom (4.2%) and Australia (4.7%). After
stratifying by continents, Asia (36.3%) became
the leading manufacturer, followed closely by
America (34.9%). Oceania (15.1%) and Europe
(13.7%) contributed to the remainder.

Most of the products (52.1%) were de-
livered as capsules (17.2%) or powder (34.9%).
Tablets, gummies, and liquid were less com-
mon delivery forms.

Prebiotics, probiotics and
postbiotics

Prebiotics were added to 55.9% of the sur-
vey products. However, only 18.5% of the products
specified the identity of the added prebiotics.
Fructooligosaccharides or inulin (FOS), galactool-
igosaccharides (GOS), isomaltooligosaccharides
(IMO) and xylooligosaccharides (XOS) were noted
as added prebiotics. Only 2.5% of the prebiotic-
labelled products declared the amounts of pre-
biotics. These products contained 64.5+£50.2 mg
prebiotics, specifically FOS. The other specified
prebiotic products did not state quantities. Pre-
biotics were added to 50% of the products sold
in physical retail stores and to 60.5% of those
sold via e-commerce platforms. FOS or inulin

was the predominant prebiotic (75.3%) in the
store (77.8%) and e-commerce (67.5%) products
(Fig. 1). IMO and XOS were completely absent
in all store products (Fig. 1). The amounts of
prebiotics were declared in 4.1% of the e-com-
merce (64.5+50.2 mg) products and in none of
the retailed products.
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Figure 1 Prevalence (%) of prebiotics added to digestive
health products (n=146) sold in physical retail stores (n=64)
and e-commerce platforms (n=82)

Of the 146 surveyed products, 82.9%
were labelled as containing probiotics.
Probiotic strains were specified in 81.5% of
these products. A total of 26 different probiotic
strains were declared (Table 1).

Bacillus coagulans Lactobacillus delbrueckii

Bifidobacterium animalis Lactobacillus fermentum

Bifidobacterium breve Lactobacillus gasseri

Bifidobacterium bifidum

Lactobacillus helveticus

Bifidobacterium infantis

Lactobacillus lactis

Bifidobacterium lactis

Lactobacillus paracasei

Bifidobacterium longum

Lactobacillus plantarum

Enterococcus faecium

Lactobacillus reuteri

Enterococcus faecalis

Lactobacillus rhamnosus

Lactobacillus acidophilus

Lactobacillus salivarius

Lactobacillus breve

Lactococcus lactis

Lactobacillus bulgaricus

Saccharomyces boulardii

Lactobacillus casei

Saccharomyces cerevisiae

Table 1 Probiotic strains stated on digestive products
(n=121) commercially available in Singapore
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The top five probiotics added to digestive
health products were all lactic acid bacteria
(Fig. 2), making them the predominant
probiotics (92.3%). The lactic acid bacteria
were Lactobacillus (54.2%), Bifidobacterium
(29.1%), Enterococcus (8.3%), Bacillus (4.2%), and
Lactococcus (4.2%). Yeast (7.7%), Saccharomyces
cerevisiae and Saccharomyces boulardii made
up the remaining probiotics in the commercial
supplements. Probiotics were present in 96.9%
of the products sold in the physical store and
72% of the products sold via e-commerce.
Of the surveyed products, 3.4% declared the
amounts of probiotics. The studied products
contained 27640442261 million CFU (100-100000
million CFU) bacteria. Lactobacillus rhamnosus
was added at significantly higher doses than
the other probiotic strains (Fig. 3). The same
five probiotics were widely used in the store and
e-commerce products (Fig. 3). Ofthe e-commerce
products (27640+£42261 million CFU) 6.1% stated
the amounts of probiotics; none of the store
products supplied this information.

Postbiotics were present in 2.8% of the
studied products. Of the postbiotic-containing
products, 14 postbiotic strains were stated on
three-quarters of them (Table 2). Lactobacillus
gasseri (75%) was the most prevalent postbiotic
strain, followed by Lactobacillus fermentum (50%).
None of the postbiotic-containing products
declared the amount of postbiotic strains.
Postbiotics were completely absent in physical
store products and were added to 4.9% of the
e-commerce products.

Colourings, flavourings,
preservatives, and sweeteners

Of the studied products, 13.7% contained
added colourings. Titanium dioxide (E171) was
the most added colouring, followed by B-caro-
tene/arotenoid (E160a) and natural purple/an-
thocyanins (E163) (Fig. 4). The natural colour-
ings used were [B-carotene/carotenoid (E160a),
beet (E162) and anthocyanins (E163) (Fig. 4).
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Figure 2 Prevalence (%) of the five most popular probiotics
added to digestive health products (n=146) sold in physical
retail stores (n=64) and e-commerce platforms (n=82) in
Singapore

Probiotics
16000
14000
12000
) 10000
=
O 8000
§
= 6000
= 4000
2000 H
—
0T
w Q- o o 5w
2000 0 ek 22 ER BB BS
S c =g g2 23 2
o, o o o = o
= ) = o g
= e, e, g 8, ge. o
s = = = %= =
g g g g g
[=1
3

Figure 3 Stated doses (million CFU) of the five most popular
probiotics (n=5 for Lactobacillus acidophilus, n=1 for
Lactobacillus casei, n=1 for Lactobacillus planterum, n=1
for Lactobacillus rhamnosus, and n=3 for Bifidobacterium
lactis) added to digestive health products (n=121)

Bifidobacterium breve Lactobacillus bulgaricus

Bifidobacterium bifidum Lactobacillus casei

Lactobacillus fermentum
Lactobacillus gasseri
Lactobacillus helveticus
Lactobacillus paracasei
Lactobacillus rhamnosus

Bifidobacterium lactis

Bifidobacterium longum
Enterococcus faecium

Enterococcus faecalis

Lactobacillus acidophilus

Table 2 Postbiotic strains stated on digestive products
(n=14) commercially available in Singapore
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Artificial colourants used were sodium copper
chlorophyllin (E141), calcium carbonate (E170),
and titanium dioxide (E171) (Fig. 4).

Artificial colourants were used more often than
natural colourants (Fig. 4). The profiles of colou-
rants in store and e-commerce products were
similar (Fig. 4).
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Figure 4 Occurrence (%) of the three most prevalent
natural and artificial colourants added to digestive health
products (n=146) sold in physical retail stores (n=64) and
e-commerce platforms (n=82)

Flavourings were added to 21.9% of the
products. Lemon (4.1%), grape (3.4%), yoghurt
(3.4%), blueberry (2.7%), cranberry (2.1%) and
strawberry (2.1%) flavours were the most adopt-
ed flavours. Both store (21.8%) and e-commerce
(22.0%) products contained flavours. Unspeci-
fied flavours were used in a total of 2.7% of the
products: store (1.6%) and e-commerce (3.7%).

Preservatives were added to 2.7% of the
studied products. Lactic acid (E270, 2.1%) and
malic acid (E296, 0.70%) were added as preser-
vatives. The prevalence remained similar for
store and e-commerce products.

More than a quarter (28.1%) of the studied
products contained artificial or natural sweet-
eners. Maltodextrin, xylitol, and glucose were
the three most prevalent sweeteners (Fig. 5).

The most used natural sweeteners included
glucose, stevia, and isomalt while the most
used artificial sweeteners included maltodex-
trin, sucralose, and xylitol (Fig. 5).

Store (29.7%) and e-commerce (26.8%) products
contained sweeteners and contained a similar
profile of added sweeteners (Fig. 5).

Sweeteners
20% 1 ® Overall
18% 1 O Store
16% A OE-Commerce —
14% - B
12% A
10% A
8% -
6% A
4% -
2% A
0% - T ,
2 N w2 R ) >
R &o% Q’o&b %@;\‘b\@b 6“0 %&}q}oe ,;‘:X\i\

Figure 5 Occurrence (%) of the three most prevalent
natural and artificial sweeteners added to digestive health
products (n=146) sold in physical retail stores (n=64) and
e-commerce platforms (n=82)

Claims and indications

Claims were declared on 68.5% of the
products. Almost half (48%) of the products
claimed to be gluten-free (Fig. 6a). No added
flavourings, dairy-free or lactose-free, and
preservative-free were claimed by a quarter of
the products (Fig. 6a). Other top common claims
included no artificial colourings, vegan, soy-free,
wheat-free, no artificial sweetener, and no added
sugar (Fig. 6a). The top ten claims were similar
between the store and e-commerce products
and gluten-free was the most prevalent claim.

Product indications were stated on 97.3%
of the studied products. Gut/intestinal health
was the most prevalent indication, followed by
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immune health, intestinal flora, and digestive
discomfort relief (Fig. 6b). The prevalence
trends of store and e-commerce products were
similar (Fig. 6b).

Claims
60%
50% B Overall
L OStore
40% OE-Commerce

30%

20%

10%

0% -
o & I I IS
ECI S T
FTFF TS T
$ F o 48 o &
& I FEE
Q‘b 'é ,%0 %0

Figure 6a Prevalence (%) of the claims stated by digestive
health products (n=146) sold in physical retail stores (n=64)
and e-commerce platforms (n=82)
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Figure 6b Prevalence (%) of the (a) claims and (b) indications
stated by digestive health products (n=146) sold in physical
retail stores (n=64) and e-commerce platforms (n=82)

Daily consumption cost

The average daily cost of a digestive
health product in Singapore is $1.94+$1.20
(meantSD). The daily cost of the studied

products ranged between $0.13 and $6.90.
Most of the studied products (42.7%) were
priced at an average daily cost of $1.00 and
$2.00. Others cost less than $1.00 (21.7%)
and between $2.00 and $3.00 (19.6%) daily.
The store products ($2.26+$1.21/day) were
significantly more costly than the e-commerce
products ($1.69+$1.14/day) (p<0.05 using two-
sample independent t-tests).

Discussion

When compared with prebiotics and
postbiotics, probiotics were the predominant
digestive health nutraceutical product. This
is unsurprising due to the longer history of
the probiotic concept when compared with
prebiotics and postbiotics. However, prebiotics
are gaining traction with consumers and
manufacturers as scientific evidence is gathered
to support their efficacies . Postbiotics are
relatively new to the field which explains their
placing as the least common of the three biotics
in the studied commercial digestive health
products. Itis understandable why FOS or inulin
and GOS are commonly added as prebiotics in
commercial products.

They have been scientifically proven to exert the
defined biological effects of prebiotics!". FOS or
inulin consumption, ranging from 4 g to 16 g
daily over 14 to 28 days, increased the relative
abundance of Bifidobacterium in numerous
randomized, placebo-controlled studies involving
healthy adults™® and elderly participantst”.

Similar relative increases in faecal Bifidobacte-
rium abundance were observed in studies in-
volving GOS intakes (1.5 g to 16 g daily over 21
to 84 days) in healthy adult participants!® & and
in overweight adult participants (15 g daily over
twelve weeks) .. The bifidogenic effect of GOS
was reported to be dose-dependent, with a sig-
nificant impact only observed at doses greater
than 2.5 g daily"%. In addition to Bifidobacterium,

342



Characteristics and compositions of commercial digestive health products in Singapore

GOS intervention 1.5 g to 15 g daily over 30
days significantly increased faecal Faecalibacte-
rium and Lactobacillus in healthy adults.

The results suggest that GOS intake may
improve lactose digestion and tolerance .
In a randomized, double-blinded, placebo-
controlled, parallel-armed clinical trial, GOS
consumption (5 g daily) over three weeks
increased intestinal barrier permeability in
obese adults M. A relatively high daily dose
of 16 g FOS or GOS interventions reduced
the butyrate-producing bacteria and might
adversely affect glucose metabolism®. XOS is a
sugar oligomer of 3-1,4-linked xylose molecules,
usually two to seven monomer units "2, XOS
similar bifidogenic properties in healthy adults as
FOS and GOS™ 1, XOS supplementation (8 g daily)
over 21 days modulated the immune functions
of healthy adults™. IMO is a mixture of glucose
oligomers with alpha-(1-6)-linkages, usually three
to six monomer units!™l, They are naturally found
in honey, miso, sake, and soy sauce ™. IMOs are
formed by enzyme-catalyzed hydrolysis of starch
followed by saccharification .. Limited human
clinical results on IMO prebiotic activities were
available compared with FOS or inulin, GOS, and
XOS. The newer XOS and IMO prebiotics were
totally absent in the store products. Only a few
products declared the added amounts of FOS
or inulin, and the doses were significantly lower
than the effective daily doses (1.5 g to 15 g)
employed in the clinical studies 81113141,

It begs the question of whether these products
can exert prebiotic effects. Further studies are
needed to ascertain the effects of the relatively
low doses of prebiotics in these products.
Commercial digestive health products were
predominantly probiotics, with 26 identified
strains. Lactic acid bacteria are the most
common probiotics, with Lactobacillus sp. the
most studied. Lactobacilli exert significant
nutritional benefits to human health. They
produce essential vitamins, such as vitamin B2,
B9, and B121"¢l, They degrade lactose and solve

the problems related to lactose intolerance and
maldigestion!"’1. Lactobacilli break down tannins
and phytates and improve the bioavailability
of mineralsU"”l. They prevent the accumulation
of pathogenic microbes in the human gut by
competing with these pathogens for the same
attachment sites on the intestinal mucosal
interface ['®l. They maintain epithelial barrier
integrity by enhancing the function of tight
junctions and immune response and preventing
epithelial ~ cell apoptosis U9,  Lactobacilli
metabolites, like lactic acid, phenyl lactic acid,
hydrogen peroxide, and bacteriocins, inhibit
the growth of pathogens in the human gut 20-221,
Lactobacillus casei (10° CFU) has been shown to
reduce the prevalence of antibiotic-associated
diarrhoea during infection treatment in human
patients 23, Bifidobacteria are another common
lactic acid bacteria probiotic. In vitro studies
have reported anti-proliferative, pro-apoptotic,
and antioxidative properties of Bifidobacteria
and Lactobacilli?®. Bifidobacteria has been shown
to reduce visceral fat accumulation and improve
glucose tolerance in C57BL/6]) mice fed a high-
fat diet by modulating their gut microbiota and
increasing SCFA production . In a systematic
review and meta-analysis of 18 randomized
controlled trials involving 1,544 participants
with metabolic syndrome, Lactobacilli and
Bifidobacteria decreased body fat percentage
and low-density lipoprotein cholesterol levels.
Still, they did not significantly influence body fat
mass, body mass index, diastolic blood pressure,
fasting glucose, fasting insulin, HbA1c, hip circum-
ference, high-density lipoprotein, systolic blood
pressure, total blood cholesterol, triglycerides,
waist circumference, and waist-to-hip ratio 3.
Bifidobacterium animalis intervention, 10" CFU
over three months, decreased the body mass
index of abdominal obese women compared
with the baseline and the placebo ¢l

The extensive clinical evidence may explain
that the top five probiotic strains were all lactic
acid bacteria (Fig. 2). Yeast can resist the action
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of gastrointestinal enzymes, bile salts, organic
acids, pH and temperature variations, making
them good candidates as probiotics 27,
Saccharomyces boulardii and Saccharomyces
cerevisige reduce gastrointestinal inflammation,
alleviated antibiotic-associated diarrhoea, and
protected against intestinal pathogens 271,

The lesser-known probiotic efficacy of yeast to
the consumers probably explains their lower
occurrence in digestive health products com-
pared to the popular bacteria probiotics.

The negative health influences of food ad-
ditives such as colourings?®, flavourings®?, preser-
vatives 3%, and sweeteners 31 are alarming to
nutritionists and health-conscious consumers.
Added colourants and flavourings were rare
in the commercial digestive health products
examined in this study. Artificial colourants,
especially titanium dioxide, were used over
natural colourants. However, the use of natu-
ral colourants is gaining popularity due to the
‘natural’ and ‘free-from’ consumer movements.
Titanium dioxide is a common, odourless food
colourant used to impart or enhance the white
colour or opacity of food and pharmaceuti-
cal products. It has been traditionally used in
pharmaceutical products. The use of colou-
rants may complement the flavourings in nu-
merous products. Dark colourants, like antho-
cyanins, is likely present in grape-, blueberry-,
cranberry-, and strawberry-flavoured products.
Carotene/carotenoid may complement the co-
lour of lemon-flavoured products. Preservatives
were almost absent in the surveyed products as
almost all the products were delivered in solid
forms with very low water activities and thus less
susceptible to microbial spoilage. Lactic and malic
acids were exclusively used in the liquid products.
The choice of added sweeteners may be ex-
plained by reference to consumer perception
of the health benefits of certain sweeteners 3",
Maltodextrin was the predominant added
sweetener (15.8%), probably because it is
non-caloric and caters to the health-conscious

consumer B, Xylitol was often added (13.7%) as
it inhibits tooth decay 2. For the same reason,
non-caloric stevia is gaining popularity among the
natural sweeteners 33, These supposedly health-
ier sweeteners were used instead of glucose Y.

Product claims are important to inform
and educate consumers on the benefits and
strengths of a product. To combat fraudulent
claims, product claims are strictly regulated by
the local health authority. Gluten-free was the
most prevalent claim. Gluten is a group of pro-
teins, prolamin and glutelin naturally found in
grains 134, Gluten triggers adverse inflammatory
and autoimmune reactions, which include
coeliac disease, non-coeliac gluten sensitivity 4,
All these can be treated by eliminating gluten
from the diet 4. As indicated for digestive
health, it becomes critical that the same
product must not do the opposite. Thus, it is
unsurprising for most of the studied products
to be free of gluten. Other less prevalent claims
were mainly related to allergens (milk, lactose,
soy) and ‘free-from additives’ concepts.

An indication describes the effect of the
product. Most indications on the products
examined were justifiably associated with
digestive health. Immune health was also one
of the top indications. Long-term probiotic
consumption reduces systemic inflammation,
modulates the immune system, and alleviates
immunity-related reactions 3%. The stated
indications were justifiable as they truthfully
communicated the prescribed benefits of
prebiotics, probiotics, and postbiotics.

The daily consumption cost of the studied com-
mercially available digestive health products
was affordable and comparable to that of one
cup of coffee at a local coffee shop. E-commerce
items were generally lower priced than compa-
rable items at physical stores, which have up-
front store rental and labour costs to consider.

The study was conducted to preliminarily
understand the composition and demographic
profiles of digestive health products commer-
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cially available to Singapore residents.

The profiles may not represent the preference
and perceptions of the consumers. More
studies should be conducted to understand
preferences and perceptions of consumers.

Conclusions

Digestive health supplements are diverse
formulations, but they contain several common
prebiotics and probiotics. Limited information
on the prebiotic and probiotic concentration is
available to assess their efficacies.
Manufacturers should make efforts to investi-
gate the efficacies of their products and com-
municate these findings to consumers.
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