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Abstract
Children with dysphagia, or swallowing disorder, are at an increased risk for developing respiratory compromise, failure 
to thrive, and aversion. Thickened liquids can be recommended for children with dysphagia, if shown to be effective on 
instrumental examination and if strategies/interventions with thin liquids are not successful. Thickened liquids have many 
benefits, including creating a more cohesive bolus, slowing oropharyngeal transit time, and reducing aspiration. However, 
preparing thickened liquids with commercially available thickeners can result in poor compliance due to concerns regard-
ing taste, texture, accessibility, cost, thickness variability, and potential negative impact of these substances on a child’s 
immature digestive tract. The purpose of this study was to determine if liquids could be successfully thickened with widely 
available, commercial pureed foods, and to assess how these mixtures compare to starch and gum based thickening agents. 
The International Dysphagia Diet Standardisation Initiative (IDDSI) flow test was performed for each sample of puree thick-
ened liquids, gum based thickened water, and cornstarch based thickened water. In addition, rheology testing was performed 
on each category of the samples to measure viscosity at various shear rates and temperatures, and to assess the presence of 
yield stress. Results revealed that liquids thickened with smooth textured purees were comparable to commercial starch and 
gum based thickeners, and may be offered as a viable alternative.
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Introduction

Pediatric Dysphagia

Children with dysphagia, or swallowing disorder, are at 
increased risk for developing respiratory compromise, fail-
ure to thrive, feeding refusal, and stressful interactions with 
their caregivers [1].

The primary goals of feeding and swallowing intervention 
for children are to:

• Identify and treat the physiologic impairment or cause of 
aspiration or laryngeal penetration

• Minimize the risk of adverse outcomes, such as pulmo-
nary complications /pneumonia

• Prevent future feeding issues by maximizing positive 
experiences

• Help promote the safest and least restrictive diet with 
adequate nutrition and hydration

• Empower caregivers to carryover strategies
• Attain age-appropriate eating skills in the most normal 

or functional manner possible
• Maximize quality of life [1–6]

It is critical that a child’s lungs are protected from the 
negative effects of aspiration, or entry of a foreign body 
(liquid or food) below the vocal cords. These consequences 
can include wheezing, pneumonia, and pulmonary scar-
ring [7]. In infants, the diaphragm is more horizontal, the 
airways are more compliant, and the cough response may 
be reduced, which can result in a reduced ability to clear 
aspirated material from the airway [8]. These smaller, more 
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compliant airways have a higher risk of being obstructed by 
a small amount of aspirated material [8].

Swallowing is a complex, dynamic activity requiring 
neuromuscular timing and coordination involving the oral, 
pharyngeal, and esophageal phases [9]. For infants and chil-
dren, the typical duration for the oral phase of swallowing 
is < 2 s, and duration of the pharyngeal phase is < 1 s [10]. 
Misdirection of the bolus into the airway (penetration or 
aspiration) can occur due to deficits such as impaired sen-
sorimotor regulation of the swallow, incomplete closure of 
the laryngeal vestibule, or weakness resulting in pharyngeal 
residue [9]. Thin liquids, such as water, flow quickly through 
the oropharynx, and are the most challenging for patients 
with dysphagia to swallow safely [11]. Thus, laryngeal pen-
etration and aspiration occur most frequently with thin liq-
uids, and often these events are silent (no cough response) 
[12–15]. Strategies are used during instrumental assessment 
to help guide the thin liquid bolus away from the airway 
and into the esophagus. These strategies vary depending on 
the type/etiology of the dysphagia and can include chang-
ing the flow rate, bolus size, and positioning of the patient 
(i.e. sidelying, chin down). These strategies are typically 
preferred over thickening liquids if shown to successfully 
eliminate aspiration [16]. However, when strategies are not 
successful at eliminating aspiration of thin liquids, thickened 
liquids can be tested under instrumental assessment and, if 
shown to be beneficial, recommended as an intervention. 
Thus, modifying the thickness of fluids has become a cor-
nerstone of dysphagia management [17].

Thickened Liquids

Fluid thickening is a well-established management strategy 
for oropharyngeal dysphagia [18]. Thickening of liquids 
slows down their flow and increases oropharyngeal transit 
time while creating a more cohesive bolus, which makes the 
liquid easier to control and minimizes the risk of aspiration 
before the swallow [19–22]. In adult studies, thickened liq-
uids can increase lingual pressure generation and increase 
the duration of upper esophageal sphincter (UES) opening 
and the amount of hyolaryngeal movement [20, 21, 23]. In 
a large randomized study with adults who were diagnosed 
with dementia or Parkinson’s disease, the most successful 
intervention strategy to eliminate aspiration of thin liquids 
was the use of thickened liquids, compared to position 
change methods such as chin down [24]. Pediatric studies 
have also demonstrated the benefits of thickened liquids. 
One study showed that the parents of children with dys-
phagia who were placed on thickened liquids reported sig-
nificant decrease in apnea, coughing, congestion, aversion, 
emesis, and wheezing [25]. Infants with silent aspiration 
who receive thickened liquids as an intervention strategy 
may have a decreased risk of acute respiratory illness [26]. 

Thickened liquids can allow infants and children to continue 
an oral diet, and avoid alternate sources of nutrition such as 
nasogastric tube or gastrostomy tube, which can be associ-
ated with increased hospitalizations [27]. Thickened liquids 
have even been shown to reduce emesis in infants, and the 
current trend is for gastroenterologists and pediatricians to 
treat Gastro Esophageal Reflux Disease (GERD) with thick-
ened liquids initially rather than prescribing medications 
such as proton pump inhibitors (PPIs) [28–30].

However, the two categories of commercial thickeners 
(gums and starches) used to thicken liquids can present with 
negative consequences and poor compliance associated with 
taste, texture, accessibility, cost, variability in thickness, 
and concern regarding the impact of these substances on 
a child’s immature digestive tract [31–34]. This has been a 
longstanding dilemma in the field of dysphagia.

Rheology

Rheology, which is the study of deformation and flow of 
materials, can be used to quantify the interrelationship 
among force, deformation, and time and thus develop fun-
damental insight into the flow behavior of liquids used for 
dysphagia. Rheological parameters (viscosity and stress) 
and other physical characteristics (e.g. density) of a bolus 
impact swallowing function; several publications to date 
highlight these properties for liquids prepared with com-
mercial thickeners [17, 18, 33, 35]. Viscosity represents the 
resistance of a material to flow; it is defined as the ratio of 
shear stress (externally applied shear force per unit area) and 
shear rate (rate at which a sample is deformed). Liquids with 
a low viscosity are referred to as “thin” and these liquids 
flow faster than “thick” fluids with a higher viscosity when 
subjected to the same stress (force). Furthermore, many 
liquids, including thickened liquids used for dysphagia, are 
shear-thinning, which means that their viscosity decreases 
with increasing shear rate (flow rate). In contrast, Newtonian 
fluids like water (thin) and honey (thick) have a constant vis-
cosity across all shear rates. Shear-thinning is hypothesized 
to be an important functional property of thickened fluids 
used for dysphagia: the higher viscosity at rest (low shear 
rate) facilitates bolus formation in the mouth and prevents 
uncontrolled flow, while the lower viscosity at the higher 
shear rates experienced during swallowing reduces the effort 
required to guide the bolus down to the esophagus. However, 
there can be a concern that if the viscosity of the thickened 
liquids decreases with a higher shear rate during swallowing, 
that may place the patient at risk for aspiration or penetra-
tion. The shear rates within the oropharyngeal system range 
from 1 to 1000  s−1; however, they are typically measured 
at shear rates from 1 to 100  s−1, and viscosity values for 
thickened fluids are therefore often reported at a specific 
shear rate within that range, e.g. 50  s−1 [17, 33, 36–38]. 
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Another rheological parameter of interest is yield stress, 
which defines the minimum stress (force) that is needed to 
make a liquid flow. Whereas water and honey have no yield 
stress and thus will flow under the influence of even the 
smallest applied force, fluids that demonstrate yield stress 
can retain their shape if the applied stress is below the yield 
stress threshold. For thickened fluids used for dysphagia, 
a low yield stress can aid formation of a cohesive bolus in 
the oral and pharyngeal structures, while still allowing for 
easy deformation and flow when the yield stress is exceeded 
during swallowing.

Rheological testing can be performed with a range of 
techniques [39] ranging from research grade rheometers with 
well-defined flow geometries and sensitive force and defor-
mation detection to simpler quality control tests that are spe-
cific to certain applications. For thin and thickened liquids, 
one such quality control (QC) method is the International 
Dysphagia Diet Standardisation Initiative (IDDSI) flow test 
that quantifies the gravity-driven flow of liquids from the 
barrel of a 10 ml Luer tip syringe during a fixed amount of 
time [40]. Acceptable Luer tip syringes include central/slip 
tip, eccentric tip, or Luer-Lok tip. IDDSI flow testing can 
readily be performed in a clinical environment without the 
need for advanced instrumentation and resulting data have 
proven useful for quality control. The method was designed 
for application to neonates, infants, children, and adults with 
dysphagia [40]. However, IDDSI flow test measurements do 
not provide the detailed characterization that is needed for 
a more thorough, fundamental understanding of the liquid 
properties; when new formulations are proposed, like in this 
study, proper rheological benchmarking against commonly 
used liquids is desirable in addition to IDDSI flow tests.

Introduction of Pureed Foods as Thickeners

It has been written that fruit purees such as baby foods and 
yogurt can be used as alternative options to thicken liquids 
[29]. However, to our knowledge there are no publications 
to date that provide reliable information about how this can 
be achieved for patients with dysphagia as an alternative to 
commercial thickeners. The purpose of this study was to 
assess whether certain pureed fruits and yogurts can be used 
to thicken water, milk, and smoothies to achieve a smooth 
consistency similar to the commercially available thicken-
ers, and thus be recommended to patients and families as an 
alternative. Thickening with pureed foods offers the follow-
ing potential benefits to patients and families that may not 
be achieved using the current commercial cornstarch and 
gum based thickeners:

1. Improving accessibility and convenience
2. Adding nutritional value: vitamins (A, C, D), protein, 

fiber

3. Improving taste and palatability
4. Improving hydration if more appealing to consume
5. Expanding a child’s food repertoire
6. Adding calories with food rather than with liquid enteral 

nutritional supplements
7. Decreasing cost

Rheology provides valuable information about the under-
lying structure of foods and liquids, including measures of 
viscosity and yield stress [18]. However, the IDDSI task 
force acknowledged that the majority of clinicians do not 
have access to testing equipment, nor do they have the exper-
tise required to perform and interpret rheological testing 
[40]. The IDDSI flow test was established as the objective 
and practical method of classifying liquids based on their 
rate of flow under the action of gravity down a narrow tube 
with an orifice at the bottom, the 10 ml Luer tip syringe [40]. 
In this study, pureed fruits and yogurts were added to water, 
milk, and smoothies to act as thickening agents. Combina-
tions of purees and liquids were selected based on presumed 
palatability; milk would likely taste better if thickened with 
yogurt, water and smoothies would likely taste better if 
thickened with fruit purees. Smoothies were tested as a 
base liquid in order to investigate whether increased thick-
ness could be achieved with less puree volume. All of the 
puree thickened liquids, which were designed so that they 
can easily be (re)created in clinical and home environments, 
were subjected to IDDSI flow testing. For comparison, water 
thickened with gum based Simply Thick and starch based 
Thick and Easy were also assessed using the IDDSI flow 
test. One representative of each category of puree thickened 
liquids was selected for fundamental rheological characteri-
zation. For comparison, rheological testing was performed 
on water thickened with gum based Simply Thick and starch 
based Thick and Easy. Given infant reliance on breast milk 
and/or formula to meet nutritional and hydration needs, the 
target population for puree thickened liquids presented in 
this study is children over 12 months of age.

Testing Methods

IDDSI Flow Test

Three individuals (2 Speech Language Pathologists (SLPs) 
and 1 non-SLP) received visual and audio instructions on 
how to perform the IDDSI flow test through www.IDDSI.
org. For sample preparation, the amounts of puree were 
measured via 30 ml (1 oz) medicine cups, and added to 4 oz 
of liquid measured in a baby bottle. The clinicians used a 
coated infant spoon to add the purees to the liquids. Water 
was at room temperature, and milk was cold after being 
refrigerated. The testers mixed the samples by shaking 

https://doi.org/www.IDDSI.org
https://doi.org/www.IDDSI.org


 L. Brooks et al.: Thickened Liquids Using Pureed Foods for Children with Dysphagia

1 3

vigorously for approximately 10 s. Given the presence of air 
bubbles toward the top of some samples after shaking, the 
sample was collected below the air bubbles with one Luer-
Lok syringe and transferred to another Luer-Lok syringe 
until it reached 10 ml with the tester covering the syringe 
tip outlet with a finger to occlude. The timer on the cell 
phone was set to 10 s, and started once the tester removed 
her finger from the syringe to initiate flow. At the end of the 
10 s, the tester occluded the syringe, and noted how much of 
the sample remained in the syringe in milliliters (ml) to the 
first decimal point, e.g. 3.4 ml. This value was recorded by 
the Principal Investigator (PI). The PI collected the data and 
assigned the sample an IDDSI thickness level [i.e. 0 (thin), 
1 (slightly thick), 2 (mildly thick), 3 (moderately thick), or 
4 (extremely thick)] according to the volume in milliliters 
remaining (Table 1). Of note, 4.0 ml was recorded as “bor-
derline” level 1 (slightly thick) and level 2 (mildly thick) as 
IDDSI flow test assigns 1–4 ml to level 1 (slightly thick) 
and 4–8 ml to level 2 (mildly thick). These mixtures were 
not retested to assign to either category in an effort to avoid 
bias (the initial value was always recorded for all samples). 
Thinner liquids flowed more quickly through the syringe 
and had smaller ml values, whereas thicker liquids flowed 
more slowly resulting in a higher ml value at the end of the 
10 s measurement.

The 11 mixtures in this study included the following 
(Table 2):

1. Two different brands of banana puree added to 
25.00 ± 0.02  °C (room temperature) water: Gerber, 
BeechNut

2. Two different brands of apple puree added to 
25.00 ± 0.02  °C (room temperature) water: Gerber, 
BeechNut

3. Two different brands of yogurt added to 4 °C (refrig-
eration temperature) whole milk (cow): Dannon vanilla 
whole milk, Stonybrook vanilla whole milk

4. Gerber banana added to two different smoothie brands 
4  °C (refrigeration temperature): Bolthouse Berry, 
Naked pina colada

5. Three different puree pouches added to 25.00 ± 0.02 °C 
(room temperature) water: Earth’s Best fruit yogurt 

smoothie strawberry banana, Gerber sitter pear blue-
berry apple avocado, Gerber banana mango

The testers were instructed to add a certain volume of 
pureed fruit or yogurt to 4 oz of liquid to study the effect of 
thickener concentration. The PI then selected one fruit and 
water sample, two yogurt and milk samples, one puree and 
smoothie sample, and two pouch puree and water samples in 
order to test the ability of the sample to maintain the same 
thickness over time (Table 3). The samples were tested at 
5 min, and then at 20 min after mixing. The PI selected 5 out 
of the 11 mixtures to test the ability to maintain thickness 
when refrigerated overnight (Table 3). Then the PI placed 
those five samples in the freezer for 3 days, thawed at room 
temperature until there were no frozen pieces remaining in 
the mixture, and retested (Table 3). For comparison, the 
level 2 (mildly thick) gum based thickener in water and level 
2 (mildly thick) starch based thickener in water were tested 
at 5 min, 20 min, 24 h after refrigeration, and 3 days after 
being frozen then thawed (Table 3). Before flow testing, each 
sample was mixed by shaking in the closed container for 
approximately 10 s in the event that there was any separa-
tion of liquid from the puree (although separation was not 
apparent).

Rheology Testing Methods

The rheological measurements were performed on a rota-
tional rheometer (MCR 302, Anton Paar) with a concentric 
cylinder geometry (bob diameter 16.66 mm, cup diameter 
18.07 mm, effective bob length 25 mm) with a smooth sur-
face. This geometry was chosen since pureed samples are 
not ideal for the often-used cone-plate geometry: sedimen-
tation can readily cause formation of slip layers near the 
cone and pureed samples sometimes contain heterogene-
ous “chunks” that are larger than the smallest gap distance 
in the cone-plate. The samples were vigorously shaken for 
approximately 10 s to resuspend any sediment and trans-
ferred to the rheometer avoiding the foamy layer due to 
bubble formation, if needed. The sample was pre-sheared 
at 30  s−1 for 5 min and then rested for 5 min to reset the 
sample’s shear history. The viscosity was measured across 
shear rates ranging from 0.01 to 100  s−1 with four data 
points per decade, using long enough time intervals at each 
shear rate to achieve steady state (Fig. 1). Peltier-based 
temperature control was used to maintain constant sample 
temperature during the test; for example, the temperature 
was 25.00 ± 0.02 °C (room temperature) during the stand-
ard experiments, although different temperatures (4 °C 
(refrigeration temperature) and 37.5 °C (oral tempera-
ture) were explored for some samples (Fig. 2). Viscosity 
data are presented in flow curves showing viscosity data 

Table 1  IDDSI levels for thickened liquids

Level of thickness Description and flow test range

0 Thin (< 1 ml)
1 Slightly thick (1–4 ml)
2 Mildly thick (4–8 ml)
3 Moderately thick (> 8 ml)
4 Extremely thick (10 ml)
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as a function of shear rate. In addition, viscosity values at 
50  s−1 are reported, which is an accepted representative 
shear rate for swallowing [36] (Tables 4, S1, S2). Due 
to the test setup (flow curves from 0.01 to 100  s−1 at 4 
points per decade), viscosity measurements were not car-
ried out at exactly 50  s−1. Instead, the value at 50  s−1 is 
determined through interpolation, using the four viscos-
ity data points at highest shear rates. In addition to the 
viscosity value at 50  s−1, a “shear thinning index” is also 
calculated, which equals the slope of the logarithmic vis-
cosity versus the logarithmic shear rate based on those 
same four data points (see Supplemental Information for a 
detailed description of the calculation). A sample is more 
strongly shear thinning if its index is closer to 1; a New-
tonian fluid with constant viscosity, like water or honey, 
has a shear thinning index value of 0. This shear thinning 

index is related to the “power law index” n that is com-
monly used in the rheological literature according to the 
relation: (shear thinning index) = 1 – n; the advantage of 
using the shear thinning index is that it more intuitively 
describes the degree of shear thinning and is visually more 
easily connected to the flow curve than n.

To study the effect of temperature on the rheological 
properties of two specific samples (banana puree + smoothie, 
yogurt + whole milk), the temperature of the test was first set 
at 25 °C, then decreased to 4 °C to mimic the refrigeration 
temperature, and finally increased to 37.5 °C temperature 
to mimic the oral environment (Fig. 2; Tables S1, S2). The 
same shear rate range was used to obtain the viscosities at 
the three temperatures. To investigate the freeze–thaw effect, 
samples were frozen overnight, then thawed at room temper-
ature and viscosity measurements were carried out at 25 °C.

Table 2  Thickness screening results for thickened liquids

Flow test results in ml remaining in syringe and associated IDDSI level [*] (0 =  < 1 ml – thin; 1 = 1–4 ml – slightly thick; 2 = 4–8 ml – mildly 
thick; 3 =  > 8 ml – moderately thick); samples selected for further IDDSI testing identified with **

Puree or thickening agent + liquid Volume thick-
ening agent

Volume liquid Flow test result and thickness level

Gerber banana + Water 2 oz 4 oz 2.2 ml [1]
3 oz 4 oz 4.2 ml [2]
**4 oz 4 oz 6.8 ml [2]

BeechNut banana + Water 2 oz 4 oz 1.6 ml 1]
3 oz 4 oz 4.2 ml [2]
4 oz 4 oz 6.4 ml 2]

**Gerber apple + Water 2 oz 4 oz 0 ml [0]
3 oz 4 oz 2.0 ml [1]
**4 oz 4 oz 4.8 ml [2]
5 oz 4 oz 6.0 ml [2]

BeechNut apple + Water 2 oz—4 oz 4 oz d/c due to clumps
**Dannon vanilla whole milk yogurt + Whole milk 2 oz 4 oz 1.0 ml [1]

**3 oz 4 oz 3.0 ml [1]
4 oz 4 oz 5.5 ml [2]
5 oz 4 oz 6.5 ml [2]
6 oz 4 oz 7.5 ml [2]

**Stonyfield organic vanilla whole milk yogurt + Whole milk **2 oz 4 oz 0.2 ml [0]
**3 oz 4 oz 1.8 ml [1]
4 oz 4 oz 2.0 ml [1]
5 oz 4 oz 3.0 ml [1]

**Gerber banana + Bolthouse berry smoothie 0 oz 4 oz 2.0 ml [1]
**2 oz 4 oz 8.0 ml [2]

**Gerber banana + Naked pina colada smoothie 0 oz 4 oz 0.8 ml [0]
**2 oz 4 oz 6.2 ml [2]

**Earth’s Best organic fruit yogurt smoothie strawberry banana + water **4.2 oz 4 oz 2.8 ml [1]
**Gerber organic sitter pear blueberry apple avocado + Water **3.5 oz 4 oz 0.8 ml [0]
**Gerber banana mango + Water **3.5 oz 4 oz 2.0 ml [1]
**Simply Thick nectar
(level 2) + Water

**0.2 oz 4 oz 5.0 ml [2]

**Thick and Easy nectar (level 2) + Water **0.18 oz 4 oz 4.0 ml [borderline 1/2]
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Table 3  Thickness maintenance over time

Flow test results in ml remaining in syringe and associated IDDSI level [*] (0 =  < 1 ml – thin; 1 = 1–4 ml – slightly thick; 2 = 4–8 ml – mildly 
thick; 3 =  > 8 ml – moderately thick); samples selected for further rheological testing identified with ***
N/A not tested

Type and volume of puree or 
thickening agent

Volume of liquid Flow test result and thickness level after mixing

After mixing 5 min 20 min Refrig-
erated 
overnight

Freeze–thaw

***Gerber apple—4 oz Water—4 oz 4.8 ml [2] 4.5 ml [2] 4.4 ml [2] 5.5 ml [2] 6 ml [2]
***Dannon vanilla whole milk 

yogurt—3 oz
Whole milk—4 oz 3.0 ml [1] 2.7 ml [1] 2.5 ml [1] 3.5 ml [1] 3.0 ml [1]

Stonyfield organic vanilla whole 
milk yogurt—2 oz

Whole milk—4 oz 0.2 ml [0] 0 ml [0] 0 ml [0] N/A N/A

Stonyfield organic vanilla whole 
milk yogurt—3 oz

Whole milk—4 oz 1.8 ml [1] 0.8 ml [0] 0.5 ml [0] N/A N/A

Gerber banana—2 oz Smoothie Bolthouse berry—4 oz 8.0 ml [2] N/A N/A 8.0 ml [2] 8.0 ml [2]
***Gerber banana—2 oz Smoothie Naked pina 

colada—4 oz
6.2 ml [2] 6.2 ml [2] 6.3 ml [2] 7.0 ml [2] 6.8 ml [2]

Earth’s Best organic fruit 
yogurt smoothie strawberry 
banana—4.2 oz

Water—4 oz 2.8 ml [1] 2.8 ml [1] 2.6 ml [1] N/A N/A

Gerber organic sitter pear blue-
berry apple avocado—3.5 oz

Water—4 oz 0.8 ml [0] 0.8 ml [0] 1.1 ml [1] N/A N/A

Gerber banana mango—3.5 oz Water—4 oz 2.0 ml [1] 2.0 ml [1] 2.0 ml [1] 2.0 ml [1] 2.6 ml [1]
***Simply Thick nectar (level 

2)—0.2 oz
Water—4 oz 5.0 ml [2] 5.2 ml [2] 5.1 ml [2] 5.6 [2] 5.4 ml [2]

***Thick and Easy nectar (level 
2)—0.18 oz

Water—4 oz 4.0 ml [borderline 1/2] 3.8 [1] 4.4 [2] 8.0 ml [2] 8.0 ml [2]

Fig. 1  Flow curves of thickened 
liquids; all samples exhibit 
shear thinning. Viscosities were 
measured at 25 °C. Detailed 
compositions of the samples can 
be found in Table 3
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Results

IDDSI Results

The results revealed that the majority of the smooth tex-
tured pureed fruits and yogurts added to a 4 oz base liquid 
achieved a smooth consistency that flowed consistently 
through the Luer-Lok syringe tip for IDDSI flow testing 
(Table 2). Of the 11 products tested, only one product 
(Beechnut natural apple) did not mix smoothly as evi-
denced by apple particles obstructing the flow through 
the Luer-Lok syringe, and therefore the testing for these 
samples was discontinued. This sample behaves similar to 
regular applesauce (as opposed to baby food applesauce), 
which does not thicken smoothly due to the presence of 
particles that obstruct the flow. The thickness level of 
the samples used in the study increased as the puree vol-
ume increased and base liquid volume remained constant 

(4 oz). Level 1 (slightly thick) and Level 2 (mildly thick) 
were the most common results (Table 2). Level 0 (thin) 
was recorded for 4/26 (15%) of the mixtures. Level 1 
(slightly thick) was recorded for 11/26 (42%) of the mix-
tures. Level 2 (mildly thick) was recorded for 11/26 (42%) 
of the mixtures.

Thickness changes were monitored as function of time 
after initial mixing, and our study included IDDSI flow 
test at the following intervals after initial preparation: 
5 min, 20 min, refrigerated overnight, and frozen to thawed 
(Table 3). Results revealed that the thickness changes to 
puree thickened liquids over time ranged from 0.0 ml (no 
change) to 1.6 ml. Included for comparison are IDDSI 
flow test results over time for mixtures that were created 
by adding a gum based and starch based thickener to 4 oz 
water (Table 3). The gum based mixture demonstrated a 
thickness change of 0.6 ml over time, and the starch based 
mixture demonstrated a thickness change of 4.2 ml when 
refrigerated overnight and frozen-thawed (Table 3).

Fig. 2  The temperature effect on the viscosity of a Naked smoothie + Gerber banana puree and b Dannon yogurt + milk; data show that the sam-
ples are insensitive to the three investigated temperatures. The exact composition of both samples can be found in Table 3

Table 4  Summary of rheological characteristics and flow testing 
results of thickened liquids: viscosity values (interpolated) at 50  s−1, 
calculated shear thinning index, detectability of yield stress, IDDSI 

flow level and previous National Dysphagia Diet (NDD) classifica-
tion, which define liquids by their viscosity at 50   s−1 (nectar-thick: 
51–350 cP); for detailed composition of samples see Table 3

Sample Viscosity at 50  s−1 
[cP]

Shear thinning 
index

Yield stress detect-
able?

IDDSI level NDD category

Gerber apple + water 63 0.54 Yes 2—Mildly thick Nectar thick
Dannon yogurt + milk 68 0.57 Yes 2—Mildly thick Nectar thick
Naked pina colada 

smoothie + Gerber banana
127 0.61 Yes 2—Mildly thick Nectar thick

Simply thick (gum) 137 0.84 No 2—Mildly thick Nectar thick
Thick and easy (starch) 63 0.44 Yes 2—Mildly thick Nectar thick
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Interrater Reliability for IDDSI Flow Tests

Six products at different viscosities were tested among 3 
individuals to investigate inter-rater reliability (Table 5). 
Of the 3 raters, 2 were speech language pathologists (SLP) 
and one non–SLP, a rehabilitation aide. This was the first 
time that all 3 individuals had used the IDDSI flow test-
ing to measure thickened liquid thickness. A Two-Way 
Random Intraclass Correlation (ICC) analysis was imple-
mented across all items that had data from three raters 
[14 trials]. The average measure ICC was 0.94 with a 
95% confidence interval of 0.85–0.98 (F(13, 26) = 15.87, 
p < 0.001). In addition, a Two-Way Random ICCs for 
raters by pair (2 out of 3 testers). Results:

a. Non SLP and SLP 1 (17 trials): The average measure 
ICC was 0.97 with a 95% confidence interval of 0.92–
0.99 (F(16, 16) = 35.80, p < 0.001).

b. Non SLP and SLP 2 (15 trials): The average measure 
ICC was 0.93 with a 95% confidence interval of 0.78–
0.98 (F(14, 14) = 13.67, p < 0.001).

c. SLP 1 and SLP 2 (16 trials): The average measure ICC 
was 0.90 with a 95% confidence interval of 0.71–0.97 
(F(15, 15) = 9.90, p < 0.001).

The non-SLP achieved closer values to the individual 
SLPs, indicating that IDDSI was not more reliable when an 
SLP measured and tested the products.

Rheology Results

The five samples selected for the detailed rheological study 
are all non-Newtonian liquids, and included 3 puree thick-
ened liquids samples, one gum based sample, and one starch 
based sample (Table 4). They show shear thinning behavior, 
where the viscosity decreases significantly with increasing 
shear rate, as shown in Fig. 1. Four of the five thickened liq-
uids have similar viscosities across the whole range of shear 
rates; the viscosity values of those four samples are within 
a factor 2 at each shear rate, which is considered similar in 
rheology studies like this in which viscosities change by 
more than 1000 × from low to high shear rates. Only the gum 

Table 5  Interrater reliability testing results

Flow test results in ml remaining in syringe and associated IDDSI level [*] (0 =  < 1 ml – thin; 1 = 1–4 ml – slightly thick; 2 = 4–8 ml – mildly 
thick; 3 =  > 8 ml – moderately thick)
Non SLP (M), SLP 1 (L), SLP 2 (S)

Puree or thickening agent + liquid Volume thick-
ening agent

Volume liquid Flow test and level M Flow test and level L Flow test and level S

Gerber banana + Water 2 oz 4 oz 1.8 ml [1] 2.2 ml [1] 2.0 ml [1]
3 oz 4 oz 4.0 ml

[borderline 1/2]
4.2 ml [2] 4.0 ml [borderline 1/2]

4 oz 4 oz 6.6 ml [2] 6. 8 ml [2] 4.8 ml [2]
5 oz 4 oz 8.0 ml [2] NA 7.6 ml [2]

BeechNut banana + Water 2 oz 4 oz 1.8 ml [1] 1.6 ml [1] 2.6 ml [1]
3 oz 4 oz 3.8 ml [1] 4.2 ml [2] 5.0 ml 2]
4 oz 4 oz NA 6.4 ml [2] 7.0 ml [2]

Gerber apple + Water 2 oz 4 oz 0.1 ml [0] 0.0 ml [0] 0.2 ml [0]
3 oz 4 oz 2.6 ml [1] 2.0 ml [1] 2.4 ml [1]
4 oz 4 oz 3.8 ml [1] 4.8 ml [2] 4.0 ml [borderline 1/2]
5 oz 4 oz NA 6.0 ml [2] 5 ml [2]

BeechNut apple + Water 2 oz- 4 oz 4 oz d/c due to clump d/c due to clump d/c due to clump
Dannon vanilla whole milk 

yogurt + Whole milk
2 oz 4 oz 1.2 ml [1] 1.0 ml [1] 1.0 ml [1]
3 oz 4 oz 3.2 ml [1] 3.0 ml [1] 3.0 ml [1]
4 oz 4 oz 4.0 ml

[borderline 1/2]
5.5 ml [2] 6.4 ml [2]

5 oz 4 oz 5.8 ml [2] 6.5 ml [2] NA
6 oz 4 oz 8.8 ml [3] 7.5 ml [2] NA

Stonyfield organic vanilla whole 
milk yogurt + Whole milk

2 oz 4 oz 0.8 ml [0] 0.2 ml [0] 1.0 ml [1]
3 oz 4 oz 1.8 ml [1] 1.8 ml [1] 3.0 ml [1]
4 oz 4 oz 3.4 [1] 2.0 ml [1] 6.0 ml [2]
5 oz 4 oz 3.4 [1] 3.0 ml [1] NA
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based sample deviated with a higher viscosity at lower shear 
rates (< 10  s−1); however, its viscosity becomes comparable 
to the other four samples at shear rates larger than 10  s−1 
(Fig. 1), which are considered most representative of the 
swallowing process. For comparison, we report three rheo-
logical characteristics for all samples in Table 4: the (inter-
polated) viscosity at 50  s−1, the shear thinning index, and 
whether the sample exhibits a detectable yield stress or not. 
The viscosity values at 50  s−1 indicate that the gum based 
sample has a slightly larger viscosity than the other liquids. 
The gum based mixture also has the largest shear thinning 
index, indicating that the viscosity change is the greatest 
when shear rate changes. The starch based mixture has the 
smallest shear thinning index, whereas the puree thickened 
liquids (apple + water, yogurt + milk, banana + smoothie) all 
have similar indices in between the samples prepared with 
commercial thickening agents.

Finally, the gum based sample differs from all other thick-
ened liquids in the sense that it lacks a detectable yield stress 
within the investigated shear rate range (Table 4). For all 
other liquids, the shear stress gradually reaches a plateau as 
the shear rate approaches the lowest shear rate of 0.01  s−1 
(Fig. 3), which is indicative of yield stress. The yield stress 
values of the other four samples are similar, with the starch 
based sample having the lowest yield stress; this result indi-
cates that similar forces are needed to make these thickened 
liquids flow during the swallowing process. In contrast, the 

shear stress of the gum based sample shows a continuously 
decreasing trend without reaching a plateau at the lowest 
investigated shear rate. This implies that the force needed 
to generate flow for the gum based sample is very small, 
which undermines its ability to form a well-defined bolus 
in the mouth.

The viscosities of the banana puree + smoothie and the 
yogurt + milk mixture were measured at three different 
temperatures that represent relevant conditions: storage in 
the refrigerator (4 °C), room temperature (25 °C) and oral 
temperature (37.5 °C) to study the effects of temperature 
on viscosity (Fig. 2, Table S1, Table S2). For the banana 
puree + smoothie mixture, the viscosity at 50  s−1 was high-
est at 4 °C, 191 cP, and lowest at 37.5 °C, 100 cP. The 
shear thinning index varied by 0.01 (0.60–0.61). For the 
yogurt + milk mixture, the viscosity was highest at 4 °C, 110 
cP, and lowest at 37.5 °C, 60.7 cP. The shear thinning index 
varied by 0.11 (0.46–0.57). These observed changes indi-
cate that the properties are relatively insensitive to changes 
in environmental conditions during the process of prepar-
ing the samples at room temperature, storing them in the 
refrigerator, and finally consumption. The changes in rheo-
logical properties are minor in comparison with the shear-
rate dependent variations. In fact, the viscosity changes that 
were observed as a function of temperature can largely be 
attributed to the temperature dependence of the viscosity 
of water, which is the base liquid in all samples (milk and 

Fig. 3  Stress versus shear rate 
curves for thickened liquids; all 
samples show detectable yield 
stress in this range of shear rate, 
except Simply Thick (gum), as 
indicated by a stress plateau at 
the lowest shear rates. Measure-
ments performed at 25 °C. The 
exact composition of the sam-
ples can be found in Table 3
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smoothie also contain mostly water). This can be shown by 
dividing the sample viscosity by the water viscosity at that 
temperature to obtain the so-called relative viscosity (see 
Supplemental Information, Figure S2). After normalizing by 
the water viscosity, the viscosity curves at different tempera-
tures collapse onto a single curve for each sample (Figure 
S2), with the variations in relative viscosity being greatly 
reduced as compared to the absolute viscosity. These results 
indicate that temperature does not change the effectiveness 
of the thickeners.

Discussion

The purpose of this project was to investigate if certain 
pureed fruits and yogurts can be used to thicken liquids 
to a smooth consistency similar to commercially available 
gum and starch thickeners, and thus be offered to patients 
and families as an alternative. Pureed fruits and yogurts 
were added to water, milk, and smoothies and tested via the 
IDDSI flow test and rheometry. For comparison, IDDSI and 
rheology testing were performed on gum based thickened 
water and starch based thickened water.

This study demonstrated that 10 out of 11 smooth textured 
purees added to a base liquid flowed consistently through the 
Luer-Lok syringe for IDDSI flow testing (Table 2). Beech-
nut apple puree added to water was the only sample that 
did not thicken smoothly, resulting in obstruction of flow 
through the syringe due to particles of apple obstructing the 
opening. As the volume of purees increased for each 4 oz 
base liquid, the thickness of the sample increased. Level 
1 (slightly thick) and Level 2 (mildly thick) were the most 
common thickness levels achieved by adding purees to liq-
uids (Table 2).

Select samples of the puree thickened liquids were tested 
over time (5 min, 20 min, refrigerated overnight, and fro-
zen to thawed) via IDDSI flow tests, and these changes 
in thickness ranged from 0 to 1.6 ml, indicating that the 
purees selected for this study demonstrated a relatively small 
change in thickness over time (Table 3). These purees were 
compared to gum based thickened water and cornstarch 
based thickened water. The gum based sample over time 
changed by 0.6 ml, and the cornstarch based sample over 
time changed by 4.2 ml (Table 3). Although the changes in 
thickness for the puree thickened liquids studied here are 
considered relatively small, any change in thickness could 
impact safety of swallowing for individuals with dyspha-
gia. Therefore, the IDDSI flow test should be performed on 
puree thickened liquids prior to consumption to determine 
if it is an acceptable thickness for the individual patient 
depending on the swallowing impairment and thickness 
recommendations.

Interrater reliability, which can be challenging to achieve 
for thickened liquids [41], was investigated among 3 clini-
cians, two speech language pathologists and one non speech 
language pathologist, and results revealed that IDDSI flow 
tests for the puree thickened liquids were comparable among 
3 clinicians, and that the non-SLP achieved closer values 
to the individual SLPs. SLPs in this study did not have an 
advantage in IDDSI flow test results compared to the non-
SLP clinician.

Rheology, which is the study of deformation and flow 
of materials, can be used to quantify the interrelationship 
among force, deformation, and time and thus develop fun-
damental insight into the flow behavior of liquids used for 
dysphagia management. The five samples selected for the 
detailed rheological study are all non-Newtonian liquids, 
and included 3 puree thickened liquids samples, one gum 
based sample, and one starch based sample (Table 4). All 5 
samples showed shear thinning behavior, where the viscosity 
decreases significantly with increasing shear rate, as shown 
in Fig. 1. Four of the five thickened liquids have similar 
viscosities across the whole range of shear rates, while the 
gum based sample deviated with a higher viscosity at lower 
shear rates (< 10  s−1). However, its viscosity becomes com-
parable to the other four samples at shear rates larger than 
10  s−1 (Fig. 1), which are considered most representative of 
the swallowing process. These findings suggest that these 
puree thickened liquids demonstrate changes in viscosity 
during swallowing that are comparable to the changes that 
occur during swallowing of gum thickened water and starch 
thickened water.

Yield stress was measurable among the 3 puree thickened 
liquids and the starch based sample. The gum sample dif-
fered from these 4 samples, as it lacks a well-defined yield 
stress within the investigated shear rate range (Table 4). 
Yield stress is the force required to break down the internal 
structure of a fluid in order to induce flow, and yield stress is 
favorable for maintaining a cohesive bolus in the oral cavity 
while still enabling flow once the yield stress is exceeded 
due to swallowing forces [17]. The findings in this study 
indicate that similar forces are needed to make starch based 
thickened liquids and puree thickened liquids flow in the 
swallowing process. In contrast, the force needed to gener-
ate flow for the gum based sample is very small, which may 
undermine its ability to form a well-defined bolus in the 
mouth.

The viscosities of the banana puree + smoothie and the 
yogurt + milk mixture were measured at three different 
temperatures that represent relevant conditions: storage in 
the refrigerator (4 °C), room temperature (25 °C) and oral 
temperature (37.5 °C) to study the effects of temperature 
on viscosity (Fig. 2, Tables S1, S2). For both samples, the 
viscosity was the highest at the coldest temperature and the 
lowest at the warmest temperature. However, the viscosity 



L. Brooks et al.: Thickened Liquids Using Pureed Foods for Children with Dysphagia

1 3

difference was only 90.8 cP and 49.3 cP, respectively. These 
results indicate that temperature does not fundamentally 
change the flow properties of the puree thickened liquids 
studied. The temperature insensitivity is advantageous for 
this application, because it reduces the complexity of sample 
preparation protocols needed to ensure reproducibility.

Potential Benefits of Pureed Food Thickeners Over 
Commercial Thickeners

Gum based thickeners have been associated with necrotiz-
ing enterocolitis (NEC) and even death for some premature 
infants [42–44]. Current thickening agents have also been 
associated with loose stools [29]. The known and unknown 
impact of large quantities of gum based and starch based 
thickeners on the immature digestive tract can be a concern 
for patients and families.

Palatability can compromise compliance when a patient is 
required to consume starch or gum based thickeners. Adult 
patients report negative perception of their thickened liquids 
due to taste, texture, and appearance resulting in poor com-
pliance and risk for dehydration [11]. Texture and mouth-
feel of thickened liquids have been shown to play a role in 
acceptability in adults [45]. Starch-based thickeners can be 
unappealing due to the starchy flavor and grainy texture, 
whereas gum-based thickeners add a slickness and can be 
mucoadhesive [17, 46]. These negative consequences of 
consuming gum and starch based thickened liquids can result 
in decreased intake and thus lead to dehydration in children. 
Thickening liquids with pureed foods (rather than gums and 
starches) present with the potential benefits of improved 
taste, added nutritional value, and expanding the child’s food 
repertoire. These benefits may promote increased intake of 
thickened liquids and thus improved hydration. Additionally, 
nutrient rich, fluid dense foods such as pureed fruits and 
yogurts can contribute to hydration [47].

Cautions

Not every puree will thicken properly, as some purees mix-
tures may not thicken smoothly and may clog the syringe. 
Mixtures will need to be tested by individuals trained in 
IDDSI flow testing. Our puree mixtures reached levels 1 and 
2 IDDSI by adding smaller volumes of purees to the base 
liquid (most often water or milk). However, reaching levels 
3 and 4 was more easily achieved when the base liquid was 
thicker, such as a commercial smoothie. Otherwise, such a 
large volume of purees would need to be added to achieve 
levels 3 and 4, and the calories of our purees ranged from 
15 to 26 cal per oz. In this scenario, thickening with pureed 
foods might accompany enteral feeding or thickening with a 
gum or starch based product. Given the complexities of these 

medical decisions for children, it is critical that a multidis-
ciplinary team work together toward meeting each child’s 
nutritional and hydration goals.

Another important consideration for thickened liquids 
is the concern for increased pharyngeal residue for some 
patients, particularly those with neuromuscular disorders. 
Therefore, instrumental assessment (Videofluoroscopic 
Swallow Study/VFSS and/or Flexible Endoscopic Evalua-
tion of Swallowing/FEES) is critical to determine safety of 
this intervention strategy [18]

It is also important that the SLP continues to monitor and 
test for the ability of a child to decrease the thickness of the 
liquid, i.e. from IDDSI level 3 to level 2, via instrumental 
examination. Puree thickened liquids and IDDSI flow testing 
can be used during a systematic wean for the appropriate 
candidate [36, 48]. However, during a wean it is critical that 
the medical team monitors closely for signs and symptoms 
of dysphagia (i.e. coughing, congestion, worsening respira-
tory status), and instrumental swallow assessment confirms 
the safety of viscosity reduction.

Thickened liquids can be associated with a risk of dehy-
dration. It is unclear whether increasing viscosity is the risk, 
or if it depends on the type of thickening agent [18]. Cichero 
notes several factors which could contribute to dehydration, 
including satiety and flavor suppression, and reinforces the 
essential role of a dietician to monitor patients on thickened 
liquids [11]. Newman also pointed out that there is a need 
for studies to highlight fluid intake for both populations: 
individuals with oropharyngeal dysphagia and individuals 
without oropharyngeal dysphagia (are children without dys-
phagia meeting hydration goals for the day?).

The risk of bacterial contamination should be considered 
with all thickened liquids, including puree thickened liquids, 
given the possible exposure to bacteria when in contact with 
various tools (spoons, measuring cups, mixing containers, 
and syringes). In addition, bacteria contamination can be a 
risk for foods that are refrigerated and frozen.

The quality control (QC) of commercial pureed foods 
(fruits and yogurts) should ensure consistent thickness of 
the purees that are added to the liquids. However, it is impor-
tant to consider that the thickness of various liquid/puree 
combinations may vary depending on the brand or label 
(i.e. 2% yogurt versus whole milk yogurt, Dannon versus 
Stonybrook). These variations in brands were observed in 
this study (Table 2). It should also be considered that some 
purees may separate from the base liquid over time, and 
reshaking the mixture may be indicated. The easily accessi-
ble IDDSI flow test can be used to accurately audit the thick-
ness of any new mixture at the time of presentation [40].
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Application for Adults and Infants

The concept of using pureed foods to thicken liquids accord-
ing to the IDDSI flow test can certainly be applied to the 
adult population. Adults face similar consequences as chil-
dren when offered commercial thickening options, i.e. 
potential for limited intake resulting in dehydration, patient 
dissatisfaction, and quality of life concerns. However, it is 
important to consider that the purees need to be smooth tex-
tured, such as pureed baby food fruits or yogurts.

Application of pureed foods as thickeners is challenging 
to apply to the infant population, as babies consume breast 
milk or formula throughout much of their infancy to meet 
nutritional and hydration needs. Expressed breast milk and 
formula are typically thickened with gum based thickeners, 
starch based thickeners, or cereals, and thickening agents 
behave differently in human milk versus formula [49]. As 
such, this thickening alternative can be considered most 
appropriate for children 12 months or older.

Conclusion

The flow properties of liquids thickened with certain pureed 
fruits and yogurts are comparable to gum based thickened 
liquids and starch based thickened liquids via IDDSI test-
ing and rheology. Thickening liquids with smooth textured 
pureed foods could be an alternative to use of commercial 
thickeners (gum and starch based) for children who require 
thickened liquids to manage their dysphagia.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00455- 021- 10308-1.
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