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ABSTRACT

Purpose: to analyze the modification of the viscosity of human milk and infant formula.

Methods: three studies were performed to assess the viscosity and effect of time on
infant formula with a thickener, at concentrations of 2, 3, and 5%, as well as raw and
pasteurized human milk at concentrations of 2, 3, 5, and 7% at 37°C, for 60 minu-
tes. Rice cereal was used as a thickening agent. The viscosity was evaluated using
a Ford Cup-type viscometer, and the samples were analyzed at 20-minute intervals.
Significant differences were assessed using the ANOVA test.

Results: no significant differences in viscosity were observed over time in concentra-
tions of 2, 3, and 5%. There was a difference in the viscosity between human milk and
infant formula, in concentrations of 2% and 5%, 2% and 7%, 3% and 5%, and 3% and
7%, independently of the time intervals evaluated.

Conclusion: the findings of this study demonstrate the need for different concentra-
tions of the thickening agent for human milk and infant formula. Rice cereal is a suita-
ble therapeutic option for newborns presented with dysphagia in concentrations of 2,
3, 5, and 7%, due to its effect on the viscosity and flow reduction, provided that the
feeding time is considered.
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INTRODUCTION

Dysphagia is defined as difficulty in eating (from
Greek dys = difficulty, and phagos = eating) and can
result in a diversion in the food path, thereby partially
or totally blocking the airways. It is a symptom of a
baseline disease that is most often transient, affecting
full-term and preterm newborn infants who present
neurological, respiratory, cardiac, and gastric diseases;
the disease can also be caused by immaturity. The
causes may be neurogenic or mechanical and the
consequences may compromise the preparatory, oral,
pharyngeal, or esophageal phases, thus posing serious
risks to the health of the newborn'3.

Studies suggest that the prevalence of dysphagia
is up to 60% in the NICU population*, whereas the
incidence is in the range of 25 to 45% in children
developing normally and 30 to 80% in children with
developmental disorders. About 37 to 40% of children
with eating difficulties had been born prematurely and
present a risk of incoordination of swallowing due to the
immaturity of their systems and the presence of comor-
bidities, such as bronchodysplasia, chronic pulmonary
diseases, congenital abnormalities, and gastroesoph-
ageal reflux disease®’. However, these data are limited
and show great variability due to factors related to
the selection of the participants, the definition of the
disorder, and the choice of evaluation methods.

Modifications in the viscosity of liquids by means
of thickeners have been used as therapy to improve
swallowing in newborns. The increase in milk viscosity
causes a change in its consistency, with a consequent
alteration in the flow. This makes early escape to the
oropharynx difficult and allows better management
of the alimentary bolus and coordination of suction,
breathing, and swallowing?®1°.

Control of the viscosity of modified diets is clini-
cally important to minimize the risk of aspiration in
the management and treatment of dysphagia'®'"
Viscosity is a property that characterizes a fluid and
allows measurement of its internal resistance to its
displacement at the surface™. For newborns, the diet
has a thin consistency, which requires greater control
of the proprioception, organization, and coordination
between suction, breathing and swallowing. Diet with
modified viscosity favors coordination between the
processes of suction, breathing, and swallowing, and,
therefore, the baby is better prepared for swallowing'>

A study by Almeida et al.™ showed different results
for viscosity depending on the type of milk used. The
thickening agent used was cornstarch with maltodextrin.
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When added to human milk, this thickener induced a
decrease in viscosity over time, whereas it facilitated an
increase in viscosity when added to infant milk formula.
Therefore, we concluded that viscosity is related to
time, and demonstrates different patterns depending
on the type of milk and the thickening agent used'+¢.

Therefore, this study aims to analyze the viscosity
of human milk and infant milk formula thickened with
rice cereal at different concentrations over a period of
60 minutes at 37°C.

METHODS

An experimental study was conducted to analyze
the effect of time on the viscosity of human milk and
milk formula thickened at different concentrations of
the thickening agent in a 60-minute period at 37°C. The
study was conducted in the Quality Control Laboratory
of the Human Milk Bank (HMB), and approval was
obtained from the Committee of Ethics of Research with
Human Beings of the IFF/Fiocruz under no. 543,616. All
samples of human milk under study came from donors
registered in the HMB-IFF, observing the provisions
in the legislation that regulate the implantation and
operation of human milk banks'.

Guidelines of good handling practices were
followed for all milk samples donated to and collected
by the Human Milk Bank (HMB). In the HMB, human
milk undergoes a selection and classification process,
where it is separated into colostrum, transition milk,
and mature milk, as well as by acidity and calorie
content. The acidity and calorie content of the human
milk samples selected for this study were between 1
and 4 °D and between 500 and 650 kcal/l, respectively.

Three experiments were performed to assess the
viscosity and the effect of time after the addition of a
thickener. The first involved analysis of the milk formula;
the second, evaluation of the raw pumped human milk
(RPHM); and the third, evaluation of the pasteurized
pumped human milk (PPHM).

The modified milk formula was analyzed at thickener
concentrations of 2, 3, and 5%, while pumped human
milk (raw or pasteurized) was analyzed at thickener
concentrations of 2, 3, 5, and 7%. All experiments were
performed in triplicate using 150 ml and 200 ml of each
formula and pumped human milk sample, respectively.
A total of 33 samples were analyzed, which were subdi-
vided into 9 samples for the formula and 24 samples
for the pumped human milk analyses. For the analyzed
samples, 36 measurements were performed for



experiments with the formula and 96 measurements,
for the human milk.

The thin consistency used in this study is based
on the standard indicated by the speech-language
pathology department of the institution. It is justified by
its ability to enable better suction in the bottle or cup
and because it represents a considerable increase in
the viscosity of milk for the newborn population with
dysphagia.

The concentrations used are part of the routine
process followed by the department and vary according
to the degree of severity of dysphagia'® diagnosed
by the speech-language pathology team. The thick-
ening agent used was the Vitalon® rice cereal (WOW
Nutrition, Sdo Paulo, Brazil), which has the advantage
of lacking traces of milk in its composition, and which
is therefore recommended by the speech-language
pathology team of the institution.

Each sample was analyzed four times at 20-minute
intervals within an hour. In the experiment using human
milk, each test was performed separately: the defrosting
of the milk was carried out first, followed by pouring
by means of a beaker. The quality of the pasteurized
samples complied with the recommendations of the
National Health Surveillance Agency (ANVISA)™.

The samples were kept in a water bath at 37°C =
2°C. A calibrated glass liquid thermometer was used to
verify the thermal stability to allow for the addition of the
thickener. All samples were shaken during preparation
of the thickened milk for better solubilization, as recom-
mended by the manufacturer.

The viscosity was evaluated with the Ford Cup-type
viscometer Quimis brand model Q 280, which analyzes
the kinematic viscosity expressed in centiStoke (cSt)
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by using orifice 2 for all concentrations, according to
Brazilian standard NBR 5849%. For all evaluations, the
formula [(2,388 x t) - (0,007 x t3) - 57,008] was applied,
where t represents the flow time of the fluid in seconds.
The concentration of 7% was not analyzed for the
formula because its viscosity made it impossible to
pass through orifice 2. The process of determining the
viscosity of human milk using the Ford Cup has been
previously described™.

The viscosity table recommended by the American
Dietetic Association' was used to adjust the viscosity
parameters to a thin consistency (1-50 cP), which is
adequate for the study population and allows suction
through a bottle or cup feeding.

Descriptive analyses were performed using
the means and standard deviation of the variables
assessed. The distribution normality was verified by
Kolmogorov-Smirnov (KS) and Shapiro-Wilk tests.
Analysis of variance (ANOVA) was used to verify
significant differences between the different degrees of
thickening. A post hoc test, with Tukey distribution, was
performed to identify pairs with statistically significant
differences. All analyses were performed using the
SPSS 21 software, with a significance level of 0.05.

RESULTS

In the analysis of viscosity behavior over time with
the milk formula (Table 1), there were no significant
differences in viscosity between the time intervals at the
different concentration levels evaluated (p-value 0.277,
0.263, and 0.065, respectively). There was a significant
difference in the viscosity values between concentra-
tions of 3% and 5% (p <0.0001) and 2% and 5% (p
<0.0001), regardless of the time period analyzed.

Table 1. Effects of time on the viscosity of standard milk formula, thickened and incubated at 37°C

Time V (cSt) V (cSt) V (cSt)
(minutes) 2% 3% 5%
0 417 = 0.99 7.37 = 0.81 18.31 + 3.69
20 513 +1.19 773 £1.24 23.82 + 3.87
40 5.26 + 1.21 8.15 = 0.57 25.98 + 2.62
60 5.97 + 0.63 8.73 + 0.20 25.80 + 2.69
p-value 0.277 0.263 0.065

V= Viscosity; cSt= CentiStoke (unit of kinematic viscosity)
p-value 2% vs 3% - 0.072
p- value 2% vs 5% - 0.000
p- value 3% vs 5% - 0.000
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In the experiment with raw human milk (Table 2), no
significant differences were observed for viscosity over
time at thickener concentrations of 2, 3, and 5% (p-value
of 0.630, 0.850, and 0.825, respectively). At the concen-
tration of 7%, a variation in viscosity was observed with
respect to time (p-value of 0.031). Significant differences

in viscosity values were found between concentrations
of 2% and 5% (p-value <0.0001), 2% and 7% (p-value
<0.0001), 3% and 5% (p-value <0.0001), and 3%
and 7% (p <0.0001), independent of the time interval
analyzed.

Table 2. Effect of time on the viscosity of raw human milk thickened and incubated at 37°C

Time V (cSt) V (cSt) V (cSt) V (cSt)
(minutes) 2% 3% 5% 1%*
0 4.44 + 0.62 438 +1.74 7.29 +2.35 10.14 £ 0.52
20 4.46 = 1.61 420 = 1.07 7.06 = 1.44 9.33 = 0.57
40 3.60 = 0.30 3.61 = 0.60 7.26 = 0.93 8.84 = 0.51
60 4.02 +0.48 415+ 0.70 6.26 = 0.95 8.88 = 0.17
p-value 0.630 0.850 0.825 0.031

V= Viscosity; cSt= CentiStoke (unit of kinematic viscosity)
p- value 2% vs 3% - 0.899; p- value 3% vs 5% - 0.000
p- value 2% vs 5% - 0.000; p- value 3% vs 7% - 0.000
p- value 2% vs 7% - 0.000; p- value 5% vs 7% - 0.000

*differences only observed between 0 and 40 minutes (p-value of 0.016) and 0 and 60 minutes (p-value of 0.036)

In the experiment with pasteurized human milk
(Table 3), no significant differences in viscosity were
identified over time at thickener concentrations of 2, 3,
and 5% (p-value 0.721, 0.136, and 0.709, respectively).
A change in viscosity over time for the concentration
of 7% (p-value of 0.028) was observed. Significant

differences were observed in the viscosity values
between concentrations of 2% and 5% (p <0.0001), 2%
and 7% (p <0.0001), 3% and 5% (p <0.0001), and 3%
and 7% (p <0.0001), regardless of the time interval at
which the analysis was conducted.

Table 3. Effect of time on the viscosity of pasteurized human milk thickened and incubated at 37°C

Time V (cSt) V (cSt) V (cSt) V (cSt)
(minutes) 2% 3% 5% 7%*
0 473 +1.37 3.83 = 0.71 8.21 =1.05 11.73 £ 1.49
20 411 +=0.49 470 = 0.57 7.62 = 0.99 9.26 = 0.90
40 473 £ 0.51 476 = 0.17 7.34 £153 8.84 +0.87
60 4.88 +0.85 479 + 042 7.04 +1.37 9.08 + 0.66
p-value 0.721 0.136 0.709 0.028

V= Viscosity; cSt= CentiStoke (unit of kinematic viscosity)

p-value 2% vs 3% - 0.757; p-value 3% vs 5% - 0.000
p-value 2% vs 5% - 0.000; p-value 3% vs 7% - 0.000
p-value 2% vs 7% - 0.000; p-value 5% vs 7% - 0.000
* differences only observed between 0 and 40 minutes (p-value of 0.044) and 0 and 60 minutes (p-value of 0.048)
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When comparing the mean viscosity values of raw
and pasteurized human milk with 5% thickener concen-
tration with the milk formula with 3% thickener concen-
tration (7.29 cSt, 8.21 ¢St and 7.37 cSt, respectively),
no significant differences were observed between raw
human milk and the formula (p-value = 0.228) and
between pasteurized human milk and formula (p-value
= 0.561), regardless of the time interval at which the
analysis was conducted.

In each of the three experiments, no significant differ-
ences in viscosity values between the concentrations
of 2% and 3% (p>0.05) were observed, regardless of
time.

DISCUSSION

Control of the viscosity of milk is an important and
challenging task for speech-language pathologists
who deal with dysphagia. It should be carried out only
when all other stimulation approaches have not had the
desired effect, that is, to promote safe oral feeding. In
addition, such a strategy should be used transiently,
while the newborn acquires oral skills to feed in a
coordinated way.

The main finding of this study was the validation that
human milk and formula, thickened with rice cereal, can
maintain their stability for 1 hour, a period considered
as the expected limit to end the feeding of a newborn
with dysphagia. These newborns are normally fed a
formula with thickeners or commercial additives based
on gum, algae, cellulose, and other components that
are difficult to digest and can cause adverse effects.
There is therefore the option of using human milk in
such cases'.

In view of the recommendations from new studies'?,
and the results reported by Almeida et al.'3, who demon-
strated a significant change in viscosity and time with
maize starch and maltodextrin as thickening agents,
we decided to evaluate whether rice cereal would
be more stable when added to human milk and milk
formula. The results showed that the viscosity of human
milk and formula remained stable for 1 hour since the
use of a rice cereal-thickening agent. However, at a
thickener concentration of 7% at 20 minutes of flow of
the pumped human milk, there was a decrease in the
viscosity. This means that health professionals involved
with the feeding of newborns with dysphagia should
be especially aware of the feeding time with milks
thickened at higher concentrations.

Using rice cereal as a thickener is advantageous
because it is based on instant soluble starch, which
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is easy to prepare, and does not contain traces of
milk in its composition. It is also inexpensive and is
found easily in the market. Temporal stability, with
the viscosity remaining the same over time, has the
advantage of allowing newborns that need more time
to develop their diet to easily extract the milk until the
end of the feed.

Significant differences were observed between
human milkk and formula at the concentrations
evaluated. An increase in the viscosity of milk formula
samples was observed from 3% onwards, and higher
viscosity values were observed compared to human
milk with the same thickener concentration. This can
be explained by the presence of amylase enzyme in
human milk, which, even after pasteurization, can cause
partial hydrolysis of the starch and consequently, a
decrease in viscosity'. This effect positively correlated
with increased concentration.

Similar viscosity was observed between milk formula
with 3% thickener and human milk with 5% thickener.
This allows flexibility of feeding to the mother after
discharge from the hospital, in case it is necessary to
change the milk to feed her baby. In this case, the team
should provide guidance to the mother with regards to
the necessary adjustments.

Although the Ford Cup-type viscometer is a tradi-
tional instrument that is easy to handle and for control
of the kinematic viscosity of fluids, it can be considered
one of the limitations of this study. This is because it
is a dependent operator, which could introduce an
important measurement bias. To minimize this bias, we
used three milk samples for each of the concentrations
considered. Therefore, it is believed that measurement
errors have been minimized in this study.

Although the choice of temperature of milk is
related to body temperature, it is a parameter that is
difficult to maintain on a daily basis in a Neonatal ICU
environment, requiring that the diet be consumed
by the newborn immediately after its preparation, to
minimize its effect.

Further studies are needed to analyze the osmolarity
and bioavailability of the nutrients of milk and of a
formula after the thickening. Developing guidelines for
thickening agents that allow the use of human milk by
newborns at risk for dysphagia is also recommended,
in order to facilitate oral feeding as well as avoid alter-
native feeding and malnutrition.
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CONCLUSION

This study demonstrated that the modified viscosity
from addition of the rice cereal depends on the concen-
tration and the type of milk used. The flow time had a
significant influence on human milk at a 7% concen-
tration, after 20 minutes. The rice cereal thickener is a
therapeutic option at concentrations of 2, 3, 5, and 7%
for newborns with dysphagia provided that the appro-
priate time of feeding is observed.
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