
Contents lists available at ScienceDirect

Ann Allergy Asthma Immunol xxx (2014) 1e2
Letter
Blinded sensory evaluation of extensively hydrolyzed formulas and
amino acid formulas
Challenge-confirmed European studies have estimated that 1.9%
to 4.9% of infants develop cow’s milk allergy.1 Extensively hy-
drolyzed formulas (eHFs) are normally recommended as first
choice, and amino acidebased formulas (AAs) are recommended
in more severe cases, and when eHFs are not tolerated, for the
treatment of cow’s milk allergy in non-breastfed children.1 The
eHFs and AAs are notorious for their unpleasant bitter and sour
taste and nauseating smell and aftertaste owing to the presence of
peptides and amino acids.2 Prenatal and early life sensory expe-
riences influence food preferences early and later in life. These
experiences have an effect on children’s food acceptance and the
variety of foods consumed can have an impact on infant
health.2e5 The unpleasant palatability of infant eHFs and AAs
could negatively affect the development of taste and food pref-
erences in food-allergic children. Allergy specialists, pediatri-
cians, and dietitians often observe picky eating behavior in these
children.6

Some health care professionals (HCPs) believe that the taste of
an AA is even worse than the taste of an eHF. However, to our
knowledge, the palatability of different brands of eHF and AA have
not been directly compared by sensory testing. The aim of this
study was to evaluate the palatability of an eHF based on whey
(eHF-W; Nutrilon Pepti, Nutricia, Zoetermeer, the Netherlands), an
eHF based on casein (eHF-C; Nutramigen, Mead Johnson, Glenview,
Illinois), and an AA (Neocate, Nutricia Advanced Medical Nutrition,
Utrecht, the Netherlands) in adults.

In 2011, we performed sensory testing in 40 European HCPs.
Twenty-three HCPs participated in the initial sensory testing of the
overall palatability of the 3 different infant formulas. The overall
palatability of the formulas was scored using the visual analog scale
(VAS; 10 cm: 0 ¼ dislike extremely, 10 ¼ like extremely).

For the specific sensory testing of the formulas, subgroups of 8
to 11 HCPs each evaluated a formula for bitterness, sourness,
sweetness, mouth feel, and aftertaste using a 10-cm VAS. This study
was exempt from medical ethical approval.

Statistical analyses were performed by the Wilcoxon signed
rank test for overall palatability (23 HCPs testing all formulas) and
the Mann-Whitney test for specific sensory testing (subgroups of 8
to 11 HCPs, with each testing 1 of the formulas) using SPSS 19 (SPSS,
Inc, Chicago, Illinois).

The median VAS scores for overall palatability as assessed by the
23 HCPs were ranked according to the median VAS scores: 5.8
(interquartile range 4.6e7.5) for eHF-W, 2.1 (1.1e3.5) for AA, and 1.0
(0.3e2.5) for eHF-C. The HCPs judged the overall palatability of the
eHF-Was significantly better than the AA (P¼ .000) and eHF-C (P¼
.000). No significant differences were found between the eHF-C and
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the AA (Table 1). The median VAS scores for bitterness, sourness,
sweetness, mouth feel, and aftertaste are listed in Table 1. Bitter-
ness, sourness, mouth feel, and aftertaste were scored significantly
less strongly for the eHF-W than for the eHF-C and the AA. These
sensory characteristics could not be masked by the greater sweet-
ness of the eHF-C.

The present results are in line with those of a study by Pedrosa
et al7 who compared the overall palatability of 12 standard bottle
formulas, including partial hydrolysates, eHF-Cs, eHF-Ws, mixed
caseinewhey formulas, hydrolyzed and nonhydrolyzed soy for-
mulas, and rice milk formulas in a panel of 50 volunteers in a
double-blinded setting. The soy and rice formulas had the best taste
scores, followed by the eHF-Ws, and the mixed hydrolysates. The
eHF-Cs had the lowest taste scores. They did not include an AA in
their comparisons. To our knowledge, no other studies have
compared the sensory characteristics between an eHF and an AA.
The present study showed that the assumption that the taste of an
AA is worse than the taste an eHF was only partly confirmed. The
AA scored not significantly better than the eHF-C, but significantly
worse than the eHF-W.

Ideally, this study should have been performed in children.
Because we expected that nonallergic children would refuse to
taste these foods and thus not allow us to test them thoroughly, we
selected adults for testing.

It is still unknown whether the use of bitter- and sour-tasting
eHFs and AAs influence food preferences and food choice later
in life. Many factors can contribute to taste development and food
like or dislike. First, flavor perception in humans is strongly
influenced by inborn factors.8 However, learning new flavor
preferences can occur across the lifespan, but early flavor expe-
riences have more permanent effects.9 Second, after birth, in
breastfed infants, flavor learning is further enhanced by the
exposure to a large variety of flavors in breast milk, which is
influenced by the dietary choices of the nursing mother.4 In
bottle-fed infants, it has been shown that in the first 3 to 4 months
of life are sensitive learning periods during which unpalatable
flavored foods, such as eHFs and AAs, are readily accepted by the
infant.2 Older infants, not previously exposed to eHFs, strongly
reject these formulas.10 Children who are exposed to an eHF and
an AA may appreciate bitter- and sour-tasting foods, such as sour-
and bitter-flavored apple juice and broccoli, better than children
who received a milk-based food during infancy.5

The next stepwill be to prospectively investigate the use of eHFs
and AAs on the development of food preferences in the long term
and determine whether they are associated with picky eating
behavior in food-allergic children. In conclusion, we found that the
eHF-W tested had a better taste than the tested eHF-C and AA.
Many factors contribute to the taste development of the child, and
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Table 1
Median VAS scores by health care professionals in descending sequence and sensory characteristics of eHF-W, eHF-C, and AA

VAS scores (cm) by health care professionals in descending sequence, median (IQR)

Formulas eHF-W AA eHF-C
VAS scores 5.8 (4.6e7.5) 2.1 (1.1e3.5) 1.0 (0.3e2.5)

Sensory characteristics of eHF-W, eHF-C, and AA

eHF-W P value, eHF-W vs eHF-C eHF-C P value, eHF-W vs AA P value, eHF-C vs AA

Bitterness 7.7 (6.4e10.0) .001a 1.1 (0.3e2.7) .018a 2.7 (1.6e6.2) .093
Sourness 7.4 (5.9e9.7) .010a 2.5 (1.1e6.6) .037a 5.0 (2.6e8.7) .211
Sweetness 7.7 (5.2e9.2) .202 9.5 (7.0e10.0) .789 6.7 (6.1e7.5) .094
Mouth feel 7.6 (5.8e9.2) .009a 2.3 (0.6e4.3) .033a 5.4 (2.3e6.2) .100
Aftertaste 7.4 (2.8e9.1) .017a 2.2 (0.8e2.8) .126 5.2 (2.1e6.4) .120

Abbreviations: AA, amino acidebased formula (Neocate); eHF-C, extensively hydrolyzed formula based on casein (Nutramigen); eHF-W, extensively hydrolyzed formula based
on whey protein (Nutrilon Pepti); IQR, interquartile range; VAS, visual analog scale.
aP < .05.
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the influence of an eHF or an AA is not necessarily negative for taste
development in these children.
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