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Prebiotics are being added to infant formula in order to mimic the effects of human milk oligosaccharides
(HMOs) for the growth of probiotic bacteria especially bifidobacteria and lactobacilli in the infant gut. This
preliminary study compares the in vitro fermentation of 13 different carbohydrates including monosaccharides,
disaccharides, oligosaccharides and polysaccharides by infant fecal samples collected from 3-month old breast-
milk fed babies. The growth of the total anaerobic bacteria and two probiotic bacteria (bifidobacteria and

lactobacilli) during the fermentation period was measured by total plate count (TPC) and was expressed as
colony forming units (CFUs). Among other things, beta-glucans seem to selectively enhance the growth of lac-
tobacilli for a longer period of fermentation time than most of the carbohydrates tested. The selective enrichment
of the probiotic bacteria by these carbohydrates and their potential use as prebiotics in the infant formula are

discussed.

1. Introduction

The development of innate immune system of infants is strongly
dependent on the gut microbiome (Mshvildadze & Neu, 2010) espe-
cially during the first 1000 days, which is approximately 3 years. The
gut microbiome of infants are mainly affected by the mode of delivery,
diet, and whether the infants are breast-fed (Fernandez et al., 2013) or
formula-fed (Backhed et al., 2015). According to World Health Orga-
nization, mothers are encouraged to have their infants breast-fed for 2
years or at least 6 months after birth (http://www.who.int/topics/
breastfeeding/en/). Nowadays, most breast-feeding mothers introduce
solid food after 6 months of breast-feeding. The first 6 months of child
birth is being selected as target of most infant formula products known
as stage-one formula in the markets. Strong scientific evidences have
shown that there is a significant difference in the gut microbiome
profile between babies fed with breast milk that contains human milk
oligosaccharides (HMOs) versus babies fed with infant formula, which
influences the development of their immune system (Mueller, Bakacs,
Combellick, Grigoryan, & Dominguez-Bello, 2015).

In order to mimic the effect of the natural prebiotic HMOs that are
present in breast milk, infant formula manufacturers have tried to in-
corporate prebiotics, probiotics or synbiotics into their products in
order to give a similar effect of HMOs on the infant gut microbiome

profile (Al-Sheraji et al., 2013; Barile & Rastall, 2013). Common pre-
biotics used commercially include fructo-oligosaccharides (FOS) and
galacto-oligosaccharides (GOS), to be added either individually or
combined in different ratios (Candela, Maccaferri, Turroni,
Carnevali, & Brigidi, 2010). Lactic acid bacteria (LAB) including bifi-
dobacteria and lactobacilli are commonly added as probiotics (Mueller
et al., 2015).

Beta-glucans are well known bioactive carbohydrates with multiple
functions and recently it has been proposed to be a potential prebiotics
(Lam & Cheung, 2013). Beta-glucans can function as an im-
munomodulator directly and indirectly via the modulation of gut mi-
crobiome (Arena et al., 2016). In this in vitro fermentation study using
infant fecal inoculum, beta-glucans isolated from oat, barley, and
mushroom (Pleurotus tuber-regium) (Zhao & Cheung, 2011) were used to
compare with other carbohydrates including monosaccharides, dis-
accharides and prebiotic oligosaccharides for their potential as pre-
biotics in terms of selective support for the growth of LAB measured by
total plate count (TPC) technique.

2. Materials and methods

All reagents and chemicals were obtained from Sigma Aldrich (USA)
unless otherwise specified. Agar made from Reinforced Clostridial
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