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Abstract

This study aimed to evaluate the impact on digestibility and physical properties of enteral formulas by the addition of variable
ingredients. Eight formulas were designed by a simplex-centroid evaluating different concentrations of inulin, medium-chain
triglycerides (MCT) and whey protein isolate (WPI). Overall, the eight formulas developed presented mean values of 17.3%
of protein, 62.3% of carbohydrates, 11.5% of lipids, a caloric value of 420 kcal/100 g, thus obtaining nutritionally adequate
formulas. The emulsion stability of the suspended formulas was affected by all ingredients and the interactions between MCT
- inulin, and MCT - WPI were effective in improving this parameter. Besides that, the use of inulin mostly affected the protein
digestibility, according to the degree of hydrolysis and the peptide profile. The desirability function (d-value = 0.769) proposed
a formulation containing 0.70% of inulin, 1.56% of MCT, and 1.73% of WPI. This proposed solution may improve enteral
formulas because this has optimal emulsion stability and protein digestibility, which are essential characteristics for a product

to be used by patients under special clinical conditions.

Keywords: enteral formula; emulsion stability; in vitro gastrointestinal digestion; design of experiments.

Practical Application: Stability and protein digestibility of enteral formulas were affected by ingredient replacement.

1 Introduction

Enteral formulas are administrated for patients who are
unable to consume conventionally food due to an illness
condition. Many formulas have been developed to supplement
nutrients to patients with these conditions. Also, they show
prebiotic and pharmacological potential properties (Brasil,
2015; Brown et al., 2015; Pei et al., 2019; Zhuang et al., 2019).
The digestibility and bioaccessibility are strongly influenced by
their structure and composition (Mat et al., 2016; Simsek et al.,
2017; Azzollini et al., 2018).

The nutrient absorption and digestion are two of the main
criteria of enteral formula effectiveness. It can be measured by
assessing some of their properties, such as digestibility and stability.
These may be considered good indicators of their quality and
potential consumer acceptance (Aguilera, 2018; Li et al., 2019).

The structure and composition of foods can significantly
influence macronutrient digestibility of nutrients, and little is
known about the mechanisms of this process. In vitro digestion
protocols have been widely used for this evaluation and are relatively
faster and less expensive than in vivo models (Minekus et al.,
2014; Luo et al., 2015; Mat et al., 2016; Simsek et al., 2017).

Stability is directly related to the food matrix. It can be
measured by assessing the complex assembly of nutrients and
non-nutrients and how they interact. Chemical and physical
variation in formulas influences their properties such as

accessibility and digestibility (Aguilera, 2018). Enteral formulas
are produced with standard ingredients or may contain specific
added or replacing ingredients, aiming to improve its effectiveness
(Savino, 2018; Portela et al., 2019).

Medium-chain triglycerides (MCT) are substances
with 8-10 carbons which are absorbed faster than other types
of lipids (Kinsella et al., 2017). They may reduce infection rates
and improve hepatic, renal and immune function (Savino, 2018).
Coconut and palm kernel oils are considered to be a good source
of MCT (Marten et al., 2006; Food and Agriculture Organization
& World Health Organization, 2001).

Cheese whey is the major by-product in the manufacture
of cheese and its use is of industrial interest, considering its
nutritional value, besides being a strong agent of environmental
pollution (Monteiro et al., 2018; Alves et al., 2019; Guimaraes et al.,
2019; Trindade et al., 2019). Whey proteins have high biological
value, possess functional and bioactive properties, and may be
a protein source for enteral formulas, due to the evidence that
they increase the synthesis of protein and can promote better
tolerance of enteral nutrition (Abrahio, 2012; Silva et al., 2014;
Guimaraes et al., 2019). Recently, there has been interest in using
whey proteins and hydrocolloids in food beverages, because this
interaction may play an important role in solutions stability
(Ahmadi et al., 2018; Guimaraes et al., 2018a).
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Inulin is one of the most used sources of dietary fiber in
enteral formulas since it does not significantly interfere in the
physical characteristics and stability compared to other fibers.
It also provide a potential benefit in the prevention of diarrhea
associated with enteral nutrition and may improve gastrointestinal
health (Brown etal., 2015; Aydinol & Ozcan, 2018; Guimardes et al.,
2018b; Moghadam et al., 2019; Silva et al., 2019) being able to
modulate the intestinal microbiota and by its prebiotic effects
(Generoso et al., 2016; Jakobsen et al., 2017; Teimouri et al., 2018).

The improvement of the nutritional quality of enteral formulas
is a great opportunity for both patients and food industries. So far,
the influence of variable ingredients addition in enteral formulas
is not clarified in literature. Therefore, this study emphasizes
the understanding of the influence of carbohydrates, lipids and
proteins modification on stability and nutritional properties of
enteral formulas.

This study aimed to evaluate the impact of inulin, MCT and
whey proteins on emulsion stability and protein digestibility of
enteral formulas. Thus, we used a centroid multiplex to test the
influence of each component over the formulas.

2 Materials and methods

2.1 Experimental design and formulas development

For enteral formulas development, a simplex-centroid design
was used. To assess the impact of raw material, three independent
variables: inulin (I; X 1), medium-chain triglycerides (MCT; X 2),
and whey protein isolate (WPI; X,) were used in different ratios
(Table 1). The proportion for each variable ingredient was
expressed as a fraction of the total mixture, and the sum was
always equal to 4%.

Each formula was produced in duplicate, and the results
are reported as the average of the batches. Preliminary tests
were carried out for the establishment of enteral formulas
composition according to the Brazilian Regulation for enteral
nutrition formulas, which establishes levels according to the
Total Energy Content (TEC) of the product (Brasil, 2015).
The proteins content should be between 10 and 20%, lipids
between 15 and 35%, whereas carbohydrates should be from
45 to 75%. The macronutrient levels were determined n order
to remain within the limits established by legislation, even with
the addition of different amounts of the variable ingredients.
In addition to macronutrients, dietary fiber (up to 2.0 g/100 kcal)
may be added, and the formula containing the highest content (I),
this parameter achieved 0.9 g/100 kcal (Brasil, 2015).

Then, the final formulations (100 g) were homogenized
and stored in sealed aluminum foil bags (195 x 125 mm) under
refrigeration (4 °C).

2.2 Physicochemical and rheological analysis

The physicochemical analyses were carried out according
to the Association of Official Analytical Chemists (2012).
For moisture content, the samples were heated at 102 °C until
constant weight and ashes were determined by incineration at
550 °C. For lipids, the analysis was carried out by Roese-Gottlieb
method and proteins were determined by micro-Kjeldahl, using
6.38 as the conversion factor. The carbohydrates were estimated
by difference in centesimal composition of enteral formulas.

The energy density was calculated by Atwater’s factors.
For pH measurement, the formulas were suspended in purified
water (1.0 kcal/mL). Apparent viscosity was determined in
Brookfield model DV-III viscometer (Middleboro, USA), spindle
CP40 at 50 rpm, at 25 °C. All physicochemical measurements
were done in triplicate, from two independent batches.

2.3 Emulsion stability

The emulsion stability was evaluated by droplet size and
zeta potential. The droplet size distribution was determined by
laser diffraction (LS 13 320, Beckman Coulter Life Sciences,
Indianapolis, IN, USA). Purified water (25 °C), was used as
a carrier agent for particle dispersion. The average diameter
of the particles was determined based on the diameter of the
same-volume sphere, De Brouckere diameter D, , presented in
Equation 1 (Mugele & Evans, 1951):

4
Yind;

D, ;=
4 Y pd? ()

Where di, the diameter of the particles; n, number of particles.

Zeta potential was performed on a Zetasizer 3000HS (Malvern
Instruments, Worcestershire, UK). The samples were diluted in
ultrapure water (10 uL/50 mL, 25 °C). All measurements were
taken in triplicate, from two independent batches.

2.4 In vitro digestion

Enteral formulas were digested in vitro according to the
modified version of the standardized digestion method described
by Minekus et al. (2014). For the simulated digestion phases,
three stock solutions were prepared to simulate salivary (SSS),

Table 1. Variable ingredients (%) used in the formulations according to the experimental design.

Variable ingredients C I M W IM W MW IMW
Inulin (X))* 0.00 4.00 0.00 0.00 2.00 2.00 0.00 1.33
MCT (Xz)b 0.00 0.00 4.00 0.00 2.00 0.00 2.00 1.33
WPI (X)) 0.00 0.00 0.00 4.00 0.00 2.00 2.00 1.33

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

WPI: Whey protein isolate; MCT: medium-chain triglycerides (palm kernel oil); C: control; I: inulin formula; M: MCT formula; W: WPI formula; IM: inulin and MCT formula; IW: inulin
and WPI formula; MW: MCT and WPI formula; IMW: inulin, MCT and WPI formula; *Orafti GR, Beneo, Oreye, Belgium; "Na palma, Belo Horizonte, Brazil; ‘Lacprodan 9224, Arla

Foods, Denmark.
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gastric (SGS) and intestinal fluids (SIS). To simulate the oral
phase, the samples were diluted in approximately 3 mL of SSS
until obtaining a homogeneous paste, followed by the addition
of 5 mL of a-amylase solution (75 U mL", Sigma-Aldrich
A3176), at pH 7.0 for 2 min. For the next phase, the simulated
gastric solution containing pepsin (2000 U mL", Sigma-Aldrich,
P7000) was added and pH adjusted to 3.0 (HCI 1 mol L") and
then incubated for 2 h. Finally, to simulate intestinal digestion,
SIS containing pancreatin (100 U mL", Merck 1.07130) and bile
(10 mmol L', Sigma-Aldrich B8631) was added, pH adjusted
to 7.0 (NaOH 1 mol L) and incubated for 2 h. All steps were
performed at 37 °C under constant gentle agitation at 250 rpm
on a rotary shaking plate.

At the end of the procedure, the samples were centrifuged
(5000 x g for 5 min) and the supernatant stored at -20 °C for
further analysis.

Protein digestibility assay - degree of hydrolysis

The degree of hydrolysis, before and after in vitro digestion,
was measured by o-phthaldialdehyde (OPA) method as described
previously by Morais et al. (2015).

Protein digestibility assay - peptide profile

For peptide profile, the samples were analyzed by Size-Exclusion
High-Performance Liquid Chromatography (SE-HPLC). The analyses
were done before and after digestion. It was performed in a PHEA
column - poly (2-hydroxyethylaspartamide)-silica; 250 x 9.4 mm,
5mm and 200 A, detection at 230 nm. The samples were dissolved
(2% wi/v) in formic acid (0.05 mol.L", pH 2.5) mobile phase and
filtered through a 0.22 um membrane. An aliquot (10 uL) was injected
at room temperature, under isocratic conditions, at a 0.7 mL min™
flow rate for 30 min (adapted from Morais et al., 2015). Ubiquitin
(8,560 Da), insulin chain B oxidized (3,495 Da), N-Hippuryl-Histidyl-
Leucine (429.47 Da), and alanine (89.09 Da) (Sigma-Aldrich, St.
Louis, MO, USA) were used as peptide size standards.

The peptide profile was quantified and compared, dividing into
four fractions: F1 (>8.5 kD); F2 (3.5-8.5kD); F3 (430 Da-3.5 kD);
and F4 (<430 Da), according to the retention time of standards. Peak

area (mAU.min) was calculated using Empower 3 Chromatography
Data Software (Waters, USA). An example of the chromatograms
obtained is shown in Supplementary Material.

2.5 Statistical analysis

Data were compared by unifactorial analysis of variances
(ANOVA One-Way) and post hoc Tukey’s test with a critical value
of 0.05. The effect of independent variables on the responses
was evaluated by Response Surface Methodology (RSM), in
agreement with the quadratic model, according to the Equation
2 (Karnopp et al., 2017):

Y= b]XI +b2)C2 +b3X3 + b12x1x2 +b13x1.JC3 +b23X2)C3 (2)

Where Y was the predicted response; bl, bz, b3, blz, bB, and b23
were the regression coeflicients; and X, X, and X, were the
codified factors.

All data were analyzed using Statistica 10.0 (Statsoft Inc.
South America, Tulsa, OK, USA) and SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA) software.

3 Results and discussion

3.1 Physicochemical and rheological analysis

All physicochemical analyses (Table 2) indicated differences
between the formulas, except for moisture content (p = 0.57) and
ash (p = 0.07). The pH and apparent viscosity varied little, even
though samples were statistically different (p < 0.001), with a
mean value of 5.98 (£0.06) for pH and viscosity of 8.65 (+£0.35) cp.

Vieira et al. (2018) evaluated the nutritional quality of enteral
formulas, commonly administrated to Brazilian patients, in their
reconstituted form. The formulas herein developed, also diluted
(in an adequate concentration to reach 1.0 kcal/mL), possess
similar macronutrient composition, except for lipids content,
which was less in the developed formulas (mean of 2.72 g/100 kcal)
than in the formulas analyzed by those authors (4.3 g/100 kcal).
The great variability of commercial formulas, in terms of nutrition
content, is to attend different clinical indication.

Table 2. Physicochemical and rheological characterization of the formulas.

. Ash Protein Lipids Carbohydrates Energetic Value Apparent

Formulas  Moisture (%) (%) (%) (E;)) (%Y) (kcil/ 100 g) pH viscE))Is)ity (cP)
C 5.17+£0.13* 3.66 £0.18° 16.04 £ 0.39¢ 10.52 £ 0.40¢  64.61 +0.77°  417.24 +2.32¢ 5.98 +£0.02° 8.22 +0.24°
1 5.21 +0.30* 3.26 +0.45° 16.90 + 0.83%¢ 10.49 £ 0.45¢  64.14 £ 0.70®  409.35 + 2.83¢ 6.04 + 0.08* 8.47 £ 0.51%
M 4.93 £ 0.36* 3.58 £0.14* 16.11 = 0.09¢ 14.07 £0.18* 61.32 £ 0.36¢ 436.30 + 1.84* 5.99 + 0.05® 8.77 £ 0.17*
W 5.34 + 0.24* 3.56 = 0.30° 19.88 + 0.75* 10.27 £0.14¢  60.96 + 0.58¢ 415.74 + 1.48¢ 5.93 + 0.05® 9.08 + 0.28*
IM 5.20 + 0.23* 3.52 £0.25° 15.93 + 0.36¢ 12.33£0.32>  63.02+0.51>  422.20 +2.04" 5.93 + 0.01° 8.80 + 0.15*
w 543 +0.21* 3.31 £0.35° 18.06 + 1.21° 10.32+£0.11¢  62.88 +1.10>  412.05+1.18¢ 5.94 + 0.05® 8.65 +0.18®
MW 5.09 £ 0.10° 3.69 +0.08° 18.07 £ 1.11° 12.19 £ 0.33*  60.96 + 1.26¢ 425.80 + 1.50° 597 + 0.07* 8.41 + 0.06
IMW 5.17 £ 0.23* 346 +£0.19° 17.02 + 0.41° 11.42 +£0.98¢ 62.92 +1.04>  419.49 + 4.83« 6.05 + 0.06% 8.85 +0.35"

p-value* 0.57 0.07 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*p-value by one-way ANOVA. Values are reported as mean + standard deviation of three replicates; Different letters in the same column represent significantly different values between
samples. (p < 0.05). C: control; I: 4% inulin formula; M: 4% MCT formula; W: 4% WPI formula; IM: 2% inulin and 2% MCT formula; IW: 2% inulin and 2% WPI formula; MW: 2% MCT

and 2% WPI formula; IMW: 1.33% inulin, 1.33% MCT and 1.33% WPI formula.
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The proposed mathematical model was not significant for
apparent viscosity (p = 0.60) and pH (p = 0.87) and only a part
of the data variance could be explained (R* = 0.406 for apparent
viscosity and R? = 0.223 for pH), showing that the ingredients
replacement did not affect these parameters.

3.2 Emulsion stability

The emulsion stability was evaluated on the diluted formulas,
comparing then soon after dilution and after 24 h, under
refrigerated storage (4 °C). Except for the mean droplet size after
24 h, the proposed mathematical model was not significant for
the other analysis (initial droplet size and zeta potential), thus,
these results will be discussed by mean comparison.

The initial droplet size (DS 0) showed that formulas
M and IM, containing higher fat content (6.05 and 6.25 um,
respectively) presented a larger size than the others. Whereas
those containing WPI resulted in smaller droplet size (W and
IMW had 4.11 and 4.21 pm, respectively), possibly due to its
emulsifying property, thus reducing fat droplets size (Figure 1A)
(Nishanthi et al., 2018).

Shimokawa et al. (2017), analyzing enteral formulas with different
emulsifiers, observed mean droplet size between 194 and 250 nm,
values over ten times smaller than those from this study (varying
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Figure 1. Mean droplet size (A) and zeta potential of the formulas (B),
soon after its dilution in water and after 24 hours of refrigerated
storage (4 °C). Different lowercase letters in the same column represent
significantly different values between samples (p < 0.05); Different
uppercase letters in the same line represent significantly different
values for the same sample (p < 0.05). C: control; I: Inulin; M: MCT;
W: WPL IM: Inulin + MCT; IW: Inulin + WPI; MW: MCT + WPIL;
IMW: Inulin + MCT + WPL
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from 4.11 and 6.25 um). Nevertheless, the emulsification method
used consisted of vigorous stirring (3000 rpm for 10 min) and
pressure homogenization (500 kgf/cm?). Since the aim of this
study was to reproduce home and hospital conditions, a domestic
mixer was used, explaining the differences found.

For the zeta potential of the formulas, the initial mean value
ranged from -45.28 and -39.75 mV. It is known that values above
30 mV, positively or negatively, are sufficient to ensure electrostatic
stabilization (Castagnaro etal., 2013; Mohan et al., 2016). After 24 h
of refrigerated storage, the values varied from -42.25 to -35.33 mV,
and as observed for droplet size, those containing higher fat content
(M and MW) had lower stability, demonstrated by the differences
between values obtained initially and after 24 hours (Figure 1B).

Some high zeta potential values were found for the formulas
containing WPI, and these results could be related to WPI
negative charges above its isoelectric point (4.6) (Sriprablom et al.,
2019). Since the formulas had a mean pH around 5.98, WPI
influenced the zeta potential values, further reducing surface
charges (Silvestre et al., 1999; Gonzalez-Martinez et al., 2017).

A study performed by Wang et al. (2017) evaluated the
influence of WPI and soybean lecithin on the stability of food
emulsions. Similar results were observed, with zeta potential
values around -45.0 mV. The authors attribute the negative and
relatively high zeta potential values to a pH close to neutrality (5.1),
above the whey proteins isoelectric point.

For droplet size after 24 h, at refrigerated storage (4 °C), the
model was significant (p < 0.001) and explained the experimental
data (R? = 0.9629). This demonstrated that all ingredients
influenced the mean droplet size. The interactions between inulin
and MCT, as well as MCT and WPI, played a significant role in
reducing the values, improving emulsion stability (Figure 2).

These data support that the interaction between factors
was most beneficial for emulsion stability, considering that
association of inulin and MCT or MCT and WPI reduced droplet
size. In these cases, inulin and WPI acted as emulsifying agents,
active substances that can be absorbed in the oil droplet surface
to produce an interfacial layer, providing electrostatic and steric
stabilization (Lopez-Castejon et al., 2019; Sriprablom et al., 2019).

Inulin MCT

Figure 2. Response surface plot obtained by experimental model for
droplet size after 24 hours of refrigerated storage (4 °C). WPI: whey
protein isolate; MCT: medium-chain triglycerides (palm kernel oil).
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3.3 Protein digestibility

The degree of hydrolysis (DH) of the intact formulas did not
differ, presenting an average value of 5.17 + 0.46%. However, after
digestion, the values were between 15.27 and 19.01%. Peptide
distribution, before and after digestion, demonstrated that in
all formulas, larger peptides (>10 kD) were predominant in the
intact product, due to the mean molecular weight of the main
whey proteins (B-lactoglobulin with 18.3 kD and a-lactoalbumin
with 14.2 kD) (Jambrak et al., 2014). However, after digestion,
smaller peptides predominated, especially below 0.4 kD, a
fraction in which most of the di-tripeptides and free amino acids
occur, which are the most available for intestinal absorption
(Silvestre et al., 2011) (Table 3).

To evaluate the influence of the three ingredients on the
in vitro digestion of proteins, the significance of the proposed
quadratic mathematical model for DH responses and F1, F3,and F4
fractions, after in vitro digestion, were evaluated (Figure 3).

For DH, the values obtained by the mathematical model
explained about 97% of the results. This demonstrates that all
ingredients considerably contributed to increased DH, as well
as the interaction between inulin and WPIL. In contrast, MCT
and WPl interaction had a negative influence. Among the pure
components, inulin provided a smaller increase in hydrolysis
degree, with the lowest coefficient, demonstrated by the response
surface plot (Figure 3A).

This influence may be due to the ability of inulin to gelation,
which could interfere with the access of enzymes to immobilized

> 20
<20
<1
[ < 18
<17
W<16
Inulin MCT <15

C

Inulin MCT <18

proteins in gel network, thereby reducing the release of peptides
and free amino acids (Luo et al., 2015; Simsek et al., 2017).
The impact of food matrices was evaluated by Luo et al. (2015),
who observed that, in solution, both whey and egg white proteins
had faster digestion, with a higher degree of hydrolysis, compared
to a gel matrix.

Digestibility was evaluated according to the distribution of
peptides through analysis of fractions F1, F3, and F4, obtained
after in vitro digestion. They are more representative of the
hydrolysis process, and in intact formulas, for the same fraction,
the differences were not pronounced.

Considering the F1 fraction (>8.5 kD, large peptides), higher
WPI contents (as a pure component or in interaction with inulin)
provided higher residual content of large peptides, whereas inulin
and MCT alone led to lower content (Figure 3B). However, for
all formulas, the levels of large peptides remained below 1.0%,
whereas for intact formula, the mean levels were 92.4% (Table 3).
However, for the F3 fraction (0.4 kD-3.5 kD), the interaction
between MCT and WPI was not significant (p = 0.27), which
confirms the minor importance of this combination for protein
breakage (Figure 3C). Inulin as a pure component promoted
higher peptide content, in the range of 0.4 to 3.5 kD (higher
coefficient), and lower, in the range of less than 0.4 kD (F4), which
demonstrates its influence on protein digestibility. According to
the degree of hydrolysis data, this ingredient negatively affected
the release of small peptides and free amino acids.

The use of MCT or WPI alone promoted higher coefficients
for F4 (19.34 and 18.27, respectively) than for F3, demonstrating

o8

B <0725
[1<0625
[ <0526
B <0425
<0325

65
I <63
[ <58
<53
X B <48
Inulin MCT <43

Figure 3. Response surface plot obtained by experimental model for Degree of Hydrolysis (A); F1 (B); F3 (C); F4 (D). WPI: whey protein isolate;

MCT: medium-chain triglycerides (palm kernel oil).
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larger release of small peptides and free amino acids. Interactions
among the factors were also significant, but with a lower effect
on F3 and F4 (Figure 3C and 3D).

Fraction F4 represents the small peptides, in which most
of the di-tripeptides are present, as well as the free amino
acids. For this response, all factors and their interactions were
significant, with the greatest influence given by pure MCT and
WPI components, and least for inulin (Figure 3D).

Microstructure and processing of the food matrix are
important factors that interfere with the digestion process
and modify the release and absorption kinetics of nutrients,
especially proteins (Rinaldi et al., 2014; Simsek et al., 2017).
The impact of the structure of infant formulas on proteolysis,
during in vitro digestion, was investigated by Bourlieu et al.
(2015). They found that a minimally processed emulsion
promoted a slower rate of protein digestion than in processed
(homogenized and/or pasteurized) formulas, concluding that
it is extremely relevant to evaluate how the structure of food
influences digestion.

Simsek et al. (2017) evaluated three types of inulin (native,
short-chain, and long-chain) on the release of peptides during
in vitro digestion of low-fat caprines’ milk kefir. They found
no influence of the different types of inulin on the degree of
digestion after duodenal phase, indicating complete hydrolysis
of all milk proteins to smaller fragments, as detected by gel
electrophoresis (SDS-PAGE), a different technique from that
used in the present study. That technique was not able to produce
quantitative differences for short peptides, containing less than
five amino acid residues.

Our results are difficult to compare with data from the literature,
considering that in vitro protocols vary widely. However, the
method used (Minekus et al., 2014) is now considered the most
reliable procedure to assess in vitro digestibility (Azzollini et al.,
2018). Besides that, no other study evaluated the impact of
different ingredients on digestibility of enteral formulas.

3.4 Multi-response optimization

The optimization for simultaneous responses was done
numerically, according to the desirability function (Derringer &
Suich, 1980), using Design-Expert Software 11 (Stat-Ease, USA).
The best combination of factors including minimum particle size
after 24 h of refrigerated storage (4 °C); minimum F1 fraction
after digestion (less large peptides); and maximum values of
DH and F4 fraction after digestion. The numerical analysis
suggested the formula with 0.70 g of inulin, 1.56 g of MCT,
and 1.73 g of WPI, per 100 g, with an optimized product with
a d-value = 0.769.

4 Conclusion

The ingredient replacement in enteral formulas significantly
affected their nutritional composition, emulsion stability, and
protein digestibility. Overall, the addition of MCT with inulin
and WPI was beneficial to the emulsion stability of the product,
while in those enriched with inulin, there was a reduced content
of small peptides, related to a smaller digestibility of proteins.
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Thus, the desirability function was used to propose an optimized
formulation containing 0.70 g of inulin, 1.56 g of MCT, and
1.73 g of WPI, per 100 g of formula, with an optimized product
(d-value = 0.769). This optimized solution may be recommended
for the production of enteral formulas because this has optimal
emulsion stability and protein digestibility, which are essential
characteristics for a product to be used by patients under special
clinical conditions.
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Legend S1. Example of size-exclusion chromatogram of enteral formula sample after simulated in vitro digestion.
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