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An improved formulation of the enteral nutrient
Aminoleban® EN (Otsuka Pharmaceutical Co., Ltd., Tokyo,
Japan), has been commercially available since Spring 2004. Like
the previous formulation, the improved product contains
branched-chain amino acids (BCAAs) L-isoleucine (rL-Ile), L-
leucine (L-Leu), and L-valine (L-Val), but the average particle
size of these amino acids has been increased to 180 to 250 yim in
the improved formulation, compared with 40 to 90 tim in the old
product. The improved formulation has a significantly lower bit-
terness intensity score than the older formulation, as evaluated
both in human gustatory tests and using the artificial taste sen-
sor. We propose that this improved taste masking is due to the
larger particle size of the BCAA crystals, due to which their re-
lease rates are reduced. The addition of improved flavours has
also helped to reduce the bitterness of the improved
Aminoleban® EN formulation significantly. Analysis of the taste
sensor data suggests that the sourness and sweetness of the
added flavours were critical in diminishing the bitterness of
Aminoleban® EN.
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Aminoleban® EN (Otsuka Pharmaceutical Co., Ltd.,
Tokyo, Japan), is a typical enteral nutrient on the Japanese
market and is taken mainly by patients with severe hepatic
disease. Such patients usually drink 50 g Aminoleban® EN,
dissolved in 180 ml water and mixed with 6 g flavour, three
times a day, as instructed in the product’s package insert.
Aminoleban® EN contains a mixture of the branched-chain
amino acids (BCAAs) L-isoleucine (Ile), L-leucine (Leu), and
L-valine (Val), which are added in order to improve Fischer’s
rate,"? but which have an extremely bitter taste. Patients
must often take these enteral nutrients for long periods, and
their bitterness is not only unpleasant but may also cause de-
creased compliance and/or intake. Bitterness masking is
therefore extremely important for such diets.

In the present study, we investigated the taste of a new, im-
proved, formulation of Aminoleban® EN which has been
commercially available since Spring 2004. This improved
formulation contains larger particle sizes of BCAAs than the
old formulation (mean diameter 180 to 250 um compared
with 40 to 90 um in the old formulation). In addition, the
flavours with which the enteral nutrient is usually taken have
also been improved. The goal of the present study was to
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compare the bitterness of the old and improved Aminoleban®
EN formulations in human gustatory sensation tests and
using the artificial taste sensor.

The gustatory sensation tests were conducted according to
a previously described method* > and were performed with
nine human volunteers. The sample size was 2.5ml and all
samples were kept in the mouth for 10s. After tasting, sub-
jects gargled well before tasting the next sample.

As various concentration of four basic taste standards, qui-
nine solutions (0.003, 0.012, 0.031, 0.078, and 0.201 mm) for
bitterness, sucrose solutions (29, 87, 187, 409, and 994 mm)
for sweetness, tartaric acid solutions (0.17, 0.60, 1.73, 4.66,
and 11.99 mm) for sourness, and sodium chloride solutions
(21, 51, 130, 274, and 616 mm) for saltiness which corre-
sponded to scores of 0—4 in the gustatory sensation tests,
were used.

After tasting the standard solutions, the volunteers were
asked to taste samples of the old and improved Aminoleban®
EN without any added flavour, and improved Aminoleban®
EN in the presence of each of the five new or improved
flavours (apple, pineapple, fruit, coffee and powdered green
tea). The samples consisted of 2.5ml of a solution of 50g
Aminoleban® EN dissolved in 180 ml water, to which 6 g of
each of the five flavours was added where relevant. The vol-
unteers were asked to score the samples in terms of their four
basic taste intensities and also to give an overall palatability
score, defined as follows: 0, extremely difficult to drink; 1,
slightly difficult to drink; 2, neither easy nor difficult to
drink; 3, quite easy to drink; 4, extremely easy to drink.

Release characteristics of BCAAs from improved and old
Aminoleban® EN were performed as follows: 50 g of two
products were well suspended in 180 ml of purifies water and
stored at 25 °C or 4 °C. The samples were withdrawn at 0, 4,
8 and 24 h. Those samples were immediately filtered with
millipore-filter (0.45 um) and 10 ul of the diluted sample was
injected into amino acid analyzer (HITACHI L-8500, Hitachi
Co. Ltd., Tokyo, Japan).

The taste sensor system, SA402B of Intelligent Sensor
Technology Co., Ltd., Atsugi, Japan, was used to measure the
electric potential of the enteral nutrient. Measurements using
the artificial taste sensor were performed on 50 g Aminole-
ban® EN dissolved in 180 ml of water, with or without the
addition of 6 g of flavour. The diluent for sample prepara-
tions in the taste sensor tests was 10 mm KCI solution, which
has no taste but which improves conductibility. The taste sen-
sor system and the lipid components of the sensor used in the
present study are essentially same as those described in a
previous paper.”” However, in the present study, a different
sensor was used, composed of dioctyl phenyl-phosphonate,
phosphoric acid di-n-hexadecyl ester and tetradodecylammo-
niumbromide. This sensor is more sensitive to sweetness than
the sensor used in our previous paper. Relative sensor output
(R values) and the change of membrane potential caused by
adsorption (CPA) were used to predict the bitterness of the
enteral nutrient solutions. The correlation between the bitter-
ness intensity of various enteral nutrients as evaluated by
human gustatory sensation tests and that predicted by the ar-
tificial taste sensor was analysed using regression analysis
and the F test. p values of p<<0.10 or p<<0.005 were accepted
as significant. S-PLUS 2000J (Mathematical Systems, Inc.,
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Table 1.
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The Four Basic Taste Intensity Scores and the Overall Palatability Score for the Seven Samples Used in the Human Gustatory Sensation Tests

(Old and Improved Aminoleban® EN without Any Added Flavour, and Improved Aminoleban® EN in Presence of Each of the Five Flavours)

Opveral palatability

Sweetness Sourness Saltness Biterness
score

Old 0.3+0.2 0.4+0.2 0.4+0.2 0.7+0.2 26*0.2
Improved 0.9+0.3 0.8+0.2 0.2+0.1 0.4+0.2 1.3 +0.2%%*
Improved+apple 1.6+0.4 1.3+0.2*% 2.3 0k 0.2+0.1 0.7 + 0. 2%%x#
Improved+pineapple 24+04 1.4 +0.2%%# 2.4 (). 2w 0.3%0.2 0.4 = 0. 2%k
Improved+fruit 2.6+0.3 1.9 +0.3%*# 2.4 (). 2k 0.3+0.2 0.3 = 0.2k
Improved+coffee 2.1x0.4 0.9+0.3 0.2+0.1 0.1 0.1 1.2 & (. 2%%*
Improved+green tea 0.7+0.4 1.1+03 0.4=*0.2 0.4=*0.2 1.3 £0.2%*
Correlation with overall palatability score 0.777 0.679 —0.724 —0.839

Each value represents the mean=S.E. (n=9). Significantly different from the old Aminoleban” EN, 0p<<0.010, [ p<<0.005, [ p<<0.001. Significantly different from the im-

proved Aminoleban® EN, #p<<0.050, # p<<0.010, ## p<0.005.
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Fig. 1. The Particle Size Distribution of Isoleucine (a), Leucine (b), and
Valine (c) Included in Old (@) and Improved (O) Formulations of Aminole-
ban® EN

Tokyo, Japan) was used for regression analysis.

The difference among taste intensity scores for samples
was analyzed using the Mann Whitney U-test, non-paramet-
ric method. The actual analysis was performed using soft-
ware located in the website at http://aoki2.si.gunma-
u.ac.jp/lecture/stats-by-excel/vba/html/two_sample.html.

Table 1 shows the overall palatability score and the four
basic taste intensity scores for the seven samples used in the
human gustatory sensation tests. There was an inverse rela-
tion between the bitterness intensity score and the overall
palatability score (—0.839) for the old and improved
Aminoleban® EN products. The bitterness intensity score of
the old Aminoleban® EN was significantly reduced in the im-
proved formulation (from 2.6 to 1.3). When we express this
reduction as equivalent quinine concentration ratios as de-
scribed in the previous article,” the reduction ratio was cal-
culated to be 28% since quinine concentration corresponding
to 2.6 and 1.3 were 0.050 mm and 0.014 mMm respectively. It
can therefore be concluded that the measures taken to reduce
the bitterness of the formulation have been effective in in-
creasing the overall palatability of the diet.

Figure 1 shows the particle size distributions for isoleucine
(a), leucine (b), and valine (c) in old and improved Aminole-
ban® EN product. The data was represented as the average
values of three batches as determined by particle size distrib-
ution estimation by analytical sieving. The mean particle
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Fig. 2. The Release Characteristics of Each BCAA from Old and Im-
proved Aminoleban® EN at 25 °C (Left Fig.) and 4 °C (Right Fig.)

O, improved r-Ile; <, improved r-Leu; A, improved r-Val; W, old r-Ile; @, old t-
Leu; A, old L-Val.
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Fig. 3. The Obtained (a) and Predicted (b) Bitterness Intensity Scores
Evaluated in Human Gustatory or Taste Sensor Tests for Old (@) and Im-
proved (O) Formulations of Aminoleban® EN Dissolved in 180 ml of Water
Immediately or 1, 4 and 24 h after Sample Preparation

Error bars represent the mean plus or minus standard error (n=9). Op<<0.05,
M p<<0.005 compared with old Aminoleban® EN.

sizes are about 180—250 um in the improved Aminoleban®
EN product, compared with about 40—90 um in the old
product.

Figure 2 shows the release characteristics of each BCAA
from old and improved Aminoleban® EN using amino acid
analyzer. The release rate of BCAA from improved product
was dramatically reduced compared with that of old product
at 25°C (left fig.) and 4 °C (right fig.). In a pilot study on the
bitterness of Aminoleban® EN we showed that the bitterness
of the product was mainly due to the BCAAs. A critical fac-
tor in this bitterness appears to be the particle size of the
BCAAs, as a decreased release rate of BCAA has been
achieved by using larger particle sizes in the improved
Aminoleban® EN formulation.
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Figures 3a and b also shows the time-course of obtained
and predicted (by taste sensor) bitterness for the old and im-
proved formulations of Aminoleban® EN after 50 g product
was suspended in 180ml of purified water and stored at
25°C, respectively. The obtained and predicted bitterness
data resembles so much and the taste sensor was able to pre-
dict bitterness of products. In both cases, the bitterness inten-
sity scores of the improved Aminoleban® EN were signifi-
cantly lower than those of the older product at initial phase
points after sample preparation. Even though detail data not
shown, a good correlation between the results of evaluation
by the taste sensor and the bitterness intensity scores derived
from human gustatory sensation tests at all time points
(r=0.861). We have previously demonstrated the usefulness
of the taste sensor in predicting the bitterness of various con-
centrations of binary or ternary BCAA mixtures.® In this
study, the usefulness of taste sensor was also confirmed.

We also evaluated the effect of adding five new or im-
proved flavours to improved Aminoleban® EN. As shown in
Table 1, the addition of flavours reduced the bitterness inten-
sity of the improved Aminoleban® EN while increasing the
sweetness and sourness of the product. Sweetness and sour-
ness are fundamental tastes, and show a good correlation
with the overall palatability score (0.777 and 0.679, respec-
tively). In particular, the apple, pineapple, and fruit flavours
were effective in increasing the overall palatability score,
while decreasing the bitterness score dramatically. For exam-
ple, the bitterness of the improved Aminoleban® EN was sig-
nificantly reduced by the addition of apple flavour from 1.3
to 0.7, while the sweetness and sourness scores were in-
creased from 0.8 to 1.3, and from 0.2 to 2.3, respectively.

Figure 4 shows the good correlation between the bitterness
(a), sweetness (b), and sourness (c) scores as determined by
human gustatory sensation tests and the corresponding bitter-
ness scores predicted by the taste sensor. The apple, pineap-
ple, and fruit flavours were particularly effective in decreas-
ing the bitterness score, while contributing to the sweetness
and sourness of the enteral nutrients. These findings suggest
that the two basic tastes sweetness and sourness themselves
decrease bitterness.” ")

The five improved flavours contained varying percentages
of citric acid: 11.7% (apple), 14.2% (pineapple), 11.0%
(fruit), less than 1% (coffee), and 2.3% (powdered green tea).
The apple flavour also contained about 0.17% of malic acid.
In our pilot study, when 700 mg, 850 mg, and 660 mg of cit-
ric acid which corresponding to same amount involved in
apple, pineapple, and fruit flavours, respectively, were added
to 180 ml of BCAAs solutions (73.28 mm L-Ile, 77.65 mm L-
Leu, and 68.37mmMm L-Val) which corresponding to same
amount involved Aminoleban® EN, the bitterness score of
their solutions were dramatically reduced from 3.3 (in the ab-
sence of citric acid) to 0.8, 1.2, and 1.3 respectively. Thus,
the main organic acid in the apple, pineapple and fruit
flavours, citric acid, will be a major factor in reducing the bit-
terness and thereby improving the overall palatability.

Neither coffee nor powdered green tea flavours reduced
the bitterness of the improved formulation of Aminoleban®
EN, as shown in Table 1, although, unlike powdered green
tea, the coffee flavour did improve the overall palatability
score considerably. There was no accounting for the taste for
these flavours in individual patients. In addition, since pa-
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Sourness (c) Intensity Scores, as Determined by Human Gustatory Sensation
Tests, and the Corresponding Predicted Bitterness Intensity Scores Calcu-
lated from Taste Sensor Data

Error bars represent the mean plus or minus standard error (n=9).

tients have to take these enteral nutrients for a long period, it
is an advantage to have a choice of flavours. These five
flavours will appeal to patients with many different taste
preferences and may all be used at some stage by any patient
during long-term administration.

In conclusion, the bitterness intensity of the improved
Aminoleban® EN formulation was shown to be significantly
lower than that of the old product, not only in human gusta-
tory sensation tests and but also as predicted by the artificial
taste sensor. This bitterness suppression is likely to be due
primarily to the larger particle sizes of the BCAAs used in
the improved formulation leading to slower release rates in
the constituted product. Furthermore, the addition of im-
proved flavours significantly reduced the bitterness of the im-
proved Aminoleban® EN formulation. The sourness and
sweetness of the flavours was mainly responsible for this bit-
terness-suppressing effect.

In a following study, we hope to clarify this bitterness sup-
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pression more quantitatively. We will also look at other en-
teral nutrients in an attempt to find the most critical factors in
determining the overall palatability of these diets. The taste
sensor will be useful for quantitative evaluation of the inten-
sities of the fundamental taste components of various enteral
nutrients.
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