
Locust bean gum safety in neonates and young infants: An integrated
review of the toxicological database and clinical evidence

Leo Meunier a,⇑, Jossie A. Garthoff a, Anne Schaafsma b, Lisette Krul c, Jaap Schrijver d,
Johannes B. van Goudoever e,f, Gerrit Speijers g, Yvan Vandenplas h

a Danone Food Safety Center, Utrecht, The Netherlands
b FrieslandCampina, Amersfoort, The Netherlands
c TNO, Zeist, The Netherlands
d Danone Nutricia Early Life Nutrition, Schiphol Airport, The Netherlands
e Emma Children’s Hospital, Academic Medical Center, Amsterdam, The Netherlands
f Department of Pediatrics, VU University Medical Center, Amsterdam, The Netherlands
g General Health Effects Toxicology Safety Food (GETS), Nieuwegein, The Netherlands
h Department of Pediatrics, UZ Brussel, Vrije Universiteit Brussel, Brussels, Belgium

a r t i c l e i n f o

Article history:
Received 22 May 2014
Available online 2 July 2014

Keywords:
Locust bean gum
Carob bean gum
Regurgitation
Gastro-oesophageal reflux
Safety
Infants
Infant formula
Thickener

a b s t r a c t

Locust bean gum (LBG) is a galactomannan polysaccharide used as thickener in infant formulas with the
therapeutic aim to treat uncomplicated gastroesophageal reflux (GER). Since its use in young infants
below 12 weeks of age is not explicitly covered by the current scientific concept of the derivation of
health based guidance values, the present integrated safety review aimed to compile all the relevant pre-
clinical toxicological studies and to combine them with substantial evidence gathered from the clinical
paediatric use as part of the weight of evidence supporting the safety in young infants below 12 weeks
of age. LBG was demonstrated to have very low toxicity in preclinical studies mainly resulting from its
indigestible nature leading to negligible systemic bioavailability and only possibly influencing tolerance.
A standard therapeutic level of 0.5 g/100 mL in thickened infant formula is shown to confer a sufficiently
protective Margin of Safety. LBG was not associated with any adverse toxic or nutritional effects in
healthy term infants, while there are limited case-reports of possible adverse effects in preterms receiv-
ing the thickener inappropriately. Altogether, it can be concluded that LBG is safe for its intended ther-
apeutic use in term-born infants to treat uncomplicated regurgitation from birth onwards.
� 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Regurgitation is a characteristic symptom of uncomplicated
gastro-oesophageal reflux (GER) occurring as a common physiolog-

ical process in healthy infants, it usually starts at 2–3 weeks of age
(Vandenplas, 2009). It is reported that 50% of normal healthy
infants regurgitate at least once per day with associated discom-
fort, and 20% of the caregivers are looking for a medical assistance
to that phenomenon, primarily to lower parents anxiety and
strengthen their reassurance (Lightdale et al., 2013; Vandenplas,
2009). In more severe cases, excessive regurgitation can possibly
lead to insufficient nutrient intake, failure to thrive and an
increased risk of health problems such as respiratory illness
(Vandenplas et al., 1997). In the context of uncomplicated but per-
sistent GER, one of the recommended approaches is the use of die-
tary interventions employing thickening agents or thickened infant
formulas to decrease the number of troublesome regurgitation
(Vandenplas et al., 1997, 2009). Such kind of dietary interventions
are most often based on slowly or non-digestible polysaccharide
food components (cereals, starch, guar gum, soy fibre, locust bean
gum, which is also designated as carob bean gum). Among those
thickening agents, the food additive locust bean gum (LBG) is

http://dx.doi.org/10.1016/j.yrtph.2014.06.023
0273-2300/� 2014 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

Abbreviations: ADI, Acceptable Daily Intake; AR, anti-reflux/anti-regurgitation;
ESPGHAN, European Society for Paediatric Gastroenterology Hepatology and
Nutrition; EU, European Union; FAO, Food Agricultural Organization; FDA, Food
and Drug Administration; FOS, fructo-oligo saccharides; FSMP, Foods for Special
Medical Purposes; GER, gastro-oesophageal reflux; GERD, gastro-oesophageal
reflux disease; GD, gestational day; JECFA, Joint FAO/WHO Expert Committee on
Food Additives; LBG, locust bean gum; IF, infant formula; MoS, Margin of Safety;
NASPGHAN, North American Society for Pediatric Gastroenterology Hepatology and
Nutrition; NOAEL, No Observed Adverse Effect Level; NTP, National Toxicology
Program; OECD, Organization for Economic Co-operation and Development; SCF,
Scientific Committee on Food; TDI, Tolerable Daily Intake; WHO, World Health
Organization.
⇑ Corresponding author. Address: Danone Food Safety Center, Uppsalalaan 12,

3584 CT Utrecht, The Netherlands.
E-mail address: leo.meunier@danone.com (L. Meunier).

Regulatory Toxicology and Pharmacology 70 (2014) 155–169

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

journal homepage: www.elsevier .com/locate /yr tph

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yrtph.2014.06.023&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://dx.doi.org/10.1016/j.yrtph.2014.06.023
http://creativecommons.org/licenses/by-nc-nd/3.0/
mailto:leo.meunier@danone.com
http://dx.doi.org/10.1016/j.yrtph.2014.06.023
http://www.sciencedirect.com/science/journal/02732300
http://www.elsevier.com/locate/yrtph


extensively used in a large range of commercially thickened infant
formulas prescribed to treat GER (or thickener to be added to food).
To exert a beneficial effect on reflux, LBG-thickened formulas in
general contain an average level situated at 0.5 g/100 mL of LBG.
A clear distinction is made between GER and GERD (gastro-oesoph-
ageal reflux disease), since GERD is present when the reflux of gas-
tric contents causes troublesome symptoms and/or complications
and can also have different underlying pathophysiological causes
(a.o. neurologic impairment, obesity, congenital oesophageal dis-
ease, cystic fibrosis) requiring a more specific medical treatment
(Vandenplas et al., 2009). In order to avoid the masking of more
severe pathophysiological causes, LBG-thickened formulas are
therefore only prescribed by Health Care professionals to healthy
term infants with uncomplicated GER.

To date LBG has been evaluated by different expert groups of
competent food safety authorities for its use as thickener or stabi-
lizer in a range of various foodstuffs aimed for the general popula-
tion (Joint FAO/WHO Expert Committee on Food Additives, EU
Scientific Committee on Food, US Food and Drug Administration).
The main detailed evaluations have been conducted by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) in the sev-
enties and, the latest one in 1981, mainly referred to in vitro and
in vivo animal data (JECFA, 1981). On that occasion, the JECFA allo-
cated a non-numerical Acceptable Daily Intake (ADI) ‘not specified’
that applies to substances with very low toxicity.

According to the scientific concept when deriving health-based
guidance values (Acceptable or Tolerable Daily Intake), such ADI
(or TDI) covers the overall population only from 12 weeks onwards
(Larsen et al., 1997; Ostergaard and Knudsen, 1998; SCF, 1998a;
World Health Organization, 2009). Likewise, since the general
guidance is not to use additives in foods for infants and young chil-
dren, and given that the use of LBG as a therapeutic dietary thick-
ener in healthy term infants was not considered for safety
evaluation at that time, the innocuousness of this food additive
has up to now never been put into perspective of that population
(0–12 weeks old) for which also data generated in paediatric trials
conducted with LBG should be taken into consideration. In absence
of an extended safety evaluation, the European Union (EU) Scien-
tific Committee on Food (SCF) considered the use of LBG as thera-
peutic agent acceptable in view of the demonstrated benefits in the
treatment of GER (SCF, 2003).

The present integrated safety review aims to discuss and update
the current evidence obtained from the toxicological tests and, to
evaluate to what extent their outcome is relevant to address the
safety of LBG for healthy term infants below 12 weeks of age.
The additional safety and tolerance evidences from paediatric data
have now been integrated as part of the total weight of evidence to
confirm the safety and tolerability of LBG in healthy term infants
treated by dietary interventions for uncomplicated gastro-oesoph-
ageal reflux.

2. Chemical aspects

Locust bean gum (LBG, C.A.S 9000-40-2, Einecs 232-541-5) is
obtained from the endosperm seed of the locust/carob tree (Cerato-
nia siliqua (L.) Taub) of the plant family of Leguminosae. The seeds
are generally prepared either by thermal, mechanical or by chem-
ical treatment and then the germ is eliminated. The next steps are
milling and screening of the endosperm. The gum may be washed
with ethanol or isopropanol to control microbiological load. Com-
mercialized LBG is standardized with sugars for reactivity and vis-
cosity, and complies with the JECFA and EU specifications as
summarized in Table 1 (European Commission, 2012; JECFA,
2008). The prepared gum is a white to yellowish, nearly odourless
powder. The substance consists of high molecular weight

polysaccharides (50,000–3,000,000 daltons) consisting of at least
75% galactomannans. The general chemical structure is presented
in Fig. 1. The high molecular weight polysaccharides are composed
of the galactomannan units consisting of a linear chain of (1 ? 4)-
linked b-D-mannopyranosyl units (mannopyranose) with (1 ? 6)-
linked a-D galactopyranosyl residues (galactopyranose) as side
chains. The mannose and galactose contents have been reported
as 73–86% and 27–14%, respectively (mannose:galactose ratio of
approximately 4:1). Galactomannans are commonly found in other
gums such as guar, tara or cassia gum but with differences in man-
nose to galactose ratios. LBG is coded as INS/E 410 according to
food additives numbering.

LBG is commonly used in various foodstuffs as a food additive
with thickening, stabilizing, emulsifying or gelling properties. As
indicated above, its important thickening properties have been
extensively employed in infant formulas in the context of the die-
tary management of infant regurgitation for more than 20 years.

3. Scientific evaluations, regulatory context and uses in baby
foods

At international level, the Joint FAO/WHO Expert Committee on
Food Additives (JECFA) evaluated the safety of LBG in 1981 (JECFA,
1981). Considering the very low toxicity profile of LBG observed
mainly in vitro and in animal studies, the committee allocated a
non-numerical ADI ‘not specified’. However, as for now the JECFA
committee did not consider the use of LBG as therapeutic ingredi-
ent in Foods for Special Medical Purposes especially in infants
below 12 weeks of age, having the consequence that LBG is only
authorized in the Codex Alimentarius as basic technological thick-
ener in infant formula up to 0.1 g/100 mL, but not approved for use
at sufficiently high levels to be effective as a therapeutic thickener
(therapeutic dosage of approximately 0.5 g/100 mL).

In the European Union, LBG up to 0.1 g/100 mL was assessed by
the Scientific Committee on Food (SCF) and, as a result, it was
authorized for technological purposes in follow-on formulas for
older infants in good health (SCF, 2003). Its use is also approved
up to 1 g/100 g in weaning foods (SCF, 2003). The SCF specifically
evaluated the use of LBG up to 1 g/100 mL as thickener in the con-
text of infant formulas and follow-on formulas aimed for term
infants in good health and in Foods for Special Medical Purposes
(FSMP) (SCF, 1998b, 2003). The committee considered the available
clinical evidences of benefits and safety, and concluded that LBG
was acceptable for use up to 1 g/100 mL (10 g/L) for its use in FSMP
when prescribed under medical supervision to treat gastro-
oesophageal reflux (GER) (SCF, 1998b, 2003). As a result, LBG at
this level was authorised for this purpose by EU legislation. In Rus-
sia, LBG is allowed as in the EU (CU Regulation 029/2012).

In other jurisdictions, LBG is approved for use in standard infant
formula, follow-on formula or infant foods. In Australia and New
Zealand, LBG is authorized up to 0.1 g/100 mL in infant formula
and up to 1 g/100 g in food for infants (FSANZ, 2013). In Korea,
the use of LBG in infant formula and follow-on formula is autho-
rized according to the Quantum Satis principle meaning the lowest
level to achieve the technological function.

In the US, the use of LBG is addressed in 21 CFR 184.1343, 21
CFR 582.7343 and in the reviews of the Centre for Food Safety &
Applied Nutrition of the Food and Drug Administration (FDA).
Based on these references, LBG could be used in infant formula
as a stabiliser and thickener at a level not exceeding 5 g/L. How-
ever, infant formula with LBG is not on the market in the US. There-
fore, a pre-market infant formula notification is required (US Food
and Drug Administration (FDA, 1972).

In China, the food safety standard on additives (GB 2760-2011)
allows an LBG level for infant and young children formula up to
0.7 g/100 ml. The standard is under revision and, if adopted
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