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Introduction

Paediatric feeding disorders (PFDs), defined as the 
inability to consume an age-appropriate diet orally, are 
a common clinical diagnosis. The prevalence of PFDs is 
known to be higher in children with a history of premature 
birth, neuromuscular disorders, cardiopulmonary 
disorders, upper respiratory-digestive system anomalies, 

and gastrointestinal system disorders.1 A frequent 
underlying contributor to PFD is dysphagia-a swallowing 
disorder that compromises the safety, efficiency, or 
adequacy of food or fluid intake.2

Dysphagia affects approximately 590 million people 
(8%) worldwide, with a prevalence of around 0.9% in the 
paediatric population.3,4 Considering that approximately 
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ABSTRACT

Objective: This study evaluated IDDSI syringe-flow behaviour of paediatric formulas in Türkiye under laboratory conditions 
when prepared with a maltodextrin/carob‑gum thickener commonly used locally and is marketed for reflux. Findings concern 
IDDSI flow under laboratory conditions and do not constitute clinical recommendations.

Methods: Fifteen commercial paediatric formulas (5 powdered, 10 liquid) were prepared with the thickener at 1.7 g/100 mL 
using a 7-minute rest protocol. The IDDSI syringe flow test (10 mL, 10 s) was performed at 0, 7, 15, 30, and 45 minutes. 
Two independent researchers assessed flow; inter-rater reliability was evaluated. Preparation water was 37–38 °C; testing 
occurred under standard room conditions; samples were covered between timepoints. Linear regression examined potential 
associations between thickening success, formula type, and macronutrient content.

Results: At baseline, all formulas were classified as IDDSI Level 0. After 45 minutes, 8 of the 15 formulas (53%) reached IDDSI 
Level 1 or higher. A higher percentage of liquid formulas (60%) thickened successfully compared to powdered formulas (40%), 
although this difference was not statistically significant. The thickness level increased significantly over time (p < 0.001), but 
the regression model revealed no significant associations between thickening success and formula type or macronutrient 
composition (p > 0.05).

Conclusion: Under these standardised laboratory conditions, fewer than half of tested formulas reached IDDSI Level 1 with this 
maltodextrin/carob-gum thickener. Outcomes varied by product and were not predictable from nutritional content or formula 
type. Product-specific testing is warranted, and clinical studies are required before informing practice.
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25% of children with dysphagia have otherwise typical 
development, the problem is more widespread than is 
often assumed.1,4,5 Dysphagia is classically categorised as 
oropharyngeal or oesophageal, arising from structural or 
motility disorders.6 Oropharyngeal dysphagia (OD) refers 
to any abnormality in the physiology of swallowing within 
the upper gastrointestinal tract. This can include an 
imbalance in the coordination between respiratory and 
feeding functions, leading to clinical complications such 
as malnutrition, aspiration pneumonia, and premature 
death.7,8 OD can severely reduce quality of life by 
compromising nutrition and ventilation, as oropharyngeal 
secretions, food, or liquids may enter the airway.9

In children with dysphagia, limited oral intake often leads 
to unmet energy and macronutrient needs, elevating 
the risk of malnutrition.6,10,11 Therefore, feeding therapy 
is typically the first-line intervention, often requiring a 
multidisciplinary approach. Both enteral nutrition and 
therapeutic strategies aim to enhance nutritional status 
and improve overall quality of life in these children.

Texture-modified foods and thickened liquids are 
commonly used in dysphagia management to support 
safer intake without compromising nutritional 
adequacy.3,6,11Thickeners are widely used for this purpose, 
as they can slow bolus transit and improve cohesion during 
swallowing.12-14 Although a wide range of thickeners—
food-based and commercial—are used in paediatric15, 
efforts to standardise terminology (e.g., the International 
Dysphagia Diet Standardisation Initiative, IDDSI) are 
challenged in practice by variability in preparation 
instructions and product-specific performance.16 These 

issues make product-level evaluation using the IDDSI 
syringe-flow framework clinically relevant.

Dysphagia and gastro-oesophageal reflux (GERD) are 
distinct clinical entities. The product evaluated here 
is marketed locally for reflux and is not approved for 
dysphagia; accordingly, this study examines laboratory 
IDDSI syringe-flow behaviour only and does not assess 
clinical outcomes or imply clinical efficacy. In Türkiye, 
a maltodextrin/carob-gum thickener is routinely used 
in paediatric feeding practice and, to our knowledge, is 
effectively the sole option in routine use; therefore, we 
adopted a single-thickener design to reflect real-world 
availability.

The primary objectives of this study were to:

1.	 Determine whether commercially available 
paediatric formulas achieve IDDSI Level 1 (slightly 
thick) consistency when prepared with a commonly 
used starch-based thickener in Türkiye.

2.	Assess whether formula type and macronutrient 
composition influence thickening outcomes.

3.	Evaluate the time to reach target consistency and 
the stability of thickness over time. 

Methods

This study evaluated the effectiveness of a widely used 
commercial paediatric thickener in Türkiye for achieving 
desired consistency in infant and child formulas. We also 
assessed the thickener’s preparation instructions due to 
the lack of standardized guidance on the amount and 
thickening time. A total of 15 formulas, including both 
powder-based (n=5) and ready-to-feed liquid (n=10) 
varieties commonly used in paediatric clinical settings, 
were included in the analysis.

Sample preparation

Each formula sample (100 mL) was prepared according to 
the manufacturer’s instructions. Bebelac Gold thickener 
(Numil Food Products Industry and Trade Inc., Türkiye), 
composed of maltodextrin and carob gum, was added at 
a concentration of 1.7 g per 100 mL. Preparation water 
was 37–38 °C; testing occurred under standard room 
conditions (21- 22°C ambient). The mixture was stirred 
horizontally for 5 seconds and vertically for 20 seconds, 
then allowed to rest for 7 minutes to approximate the 
viscosity stabilization time of starch-based thickeners.17-19

Main Points

•	 Thickening is Inconsistent: Even when following a 
7-minute rest protocol, a majority of formulas failed 
to reach the desired IDDSI Level 1 consistency, with 
only one of 15 formulas meeting the criteria at this 
time point.

•	 Nutritional Content Isn’t a Predictor: The study found 
no statistically significant association between a 
formula’s macronutrient content (e.g., protein, fat, or 
carbohydrates) and its ability to thicken.

•	 Standardized Protocols Are Needed: The study 
concludes that the lack of clear manufacturer 
instructions on the appropriate waiting time and 
amount of thickener for specific IDDSI outcomes 
makes the product’s use insufficient for safe 
paediatric care.
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Flow test

The consistency of the thickened formulas was assessed 
using the International Dysphagia Diet Standardization 
Initiative (IDDSI) flow test, in accordance with the 
IDDSI Framework and Testing Methods.3,20 The test 
was conducted using a 10 mL slip-tip syringe, which 
was validated for compatibility with IDDSI standards in 
terms of barrel length and flow characteristics. Syringes 
were checked prior to testing to ensure standardization, 
as variations in dimensions can affect measurement 
accuracy.20

To perform the test, 10 mL of each sample was drawn 
into the syringe, and the nozzle was unblocked for 10 
seconds. The IDDSI level was determined by measuring 
the volume remaining in the syringe after 10 seconds of 
flow time:

IDDSI Level 0 (Thin): <1 mL remaining

IDDSI Level 1 (Slightly Thick): 1-4 mL remaining

IDDSI Level 2 (Mildly Thick): 4-8 mL remaining

IDDSI Level 3 (Moderately Thick): 8-10 mL remaining

Flow tests were performed under consistent 
environmental and serving conditions, including 
temperature, to ensure clinical relevance.20 All 
measurements were conducted in duplicate. If the 
difference between the two measurements exceeded 1 
mL, a third trial was conducted.

Measurements were taken at five post-preparation time 
points (baseline (without thickener), 7, 15, 30, and 45 
minutes) to evaluate the stability of the thickened liquids 
over time. All tests were carried out independently by two 
researchers to ensure inter-rater reliability. Only samples 
initially identified as IDDSI Level 0 were subjected 
to thickening procedures. The primary outcome was 
whether the thickened formula achieved IDDSI Level 
1 following the standardized thickening and resting 
protocols.

Statistical analyses

Data were analysed using R version 4.3.1 and SPSS 
version 26. Descriptive statistics were used to summarize 
IDDSI success rates and viscosity changes over time. 
Inter-rater reliability between assessors was evaluated 
using the intraclass correlation coefficient (ICC) with 
95% confidence intervals.

Independent samples t-tests were conducted to 
compare the mean nutritional content (Energy, Protein, 
Fat, Saturated fat, Carbohydrates, Sugar, Fibre) between 
formulas classified as IDDSI Level 0 and those classified 
as IDDSI Level 1 or higher at 45 minutes.

An exploratory linear regression analysis was conducted 
to investigate potential associations between 
macronutrient content and the time required to reach 
IDDSI Level 1. Given the study sample size (n=15), these 
analyses are interpreted as preliminary observations 
rather than predictive modelling. Additionally, repeated 
measures ANOVA were conducted to assess changes in 
flow test results across the five time points (0, 7, 15, 30, 
and 45 minutes). For all statistical tests, a p-value < 0.05 
was considered statistically significant.

Results

A total of fifteen infant and child formulas, including both 
powder-based and ready-to-feed liquid products, were 
included in the analysis. At baseline, all formulas (100%) 
were classified as thin (IDDSI level 0). Peptamen junior 
(liquid) consistently over-thickened to Level 2. Alfamino 
(powder) demonstrated stability, maintaining Level 1 
after 15 minutes (Figure 1). 

Figure 1. Remaining amount (mL) after the flow test for 
each product
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Table 1 summarizes the thickening performance and 
macronutrient composition of the 15 commercial 
formulas categorized as hypoallergenic, oral, and enteral. 
Among oral formulas, a greater proportion successfully 
thickened (e.g., Pediasure and Resource Junior variants). 
Although, Peptamen Junior, a high-protein formula, 
thickened beyond the target to Level 2. Notably, none of 
the enteral formulas achieved the desired consistency, 
highlighting variability across categories despite identical 
thickening protocol. On average, formulas contained 2.9 
g of protein, 13.4 g of carbohydrates, and 5.1 g of fat per 
100 mL (Table 1). 

Thickening efficacy was assessed at 45 minutes, with 
53% of all formulas achieving at least IDDSI Level 1 
(Slightly Thick) (Figure 2). 

A significant main effect of time was observed in the 
repeated measures ANOVA, F (1.81, 23.53) = 12.89, p 
< 0.001, indicating that thickness (measured by flow 
remaining) changed significantly over the 45-minute 
period. However, when comparing powder and liquid 
formulas at each time point, no statistically significant 
differences were found (p > 0.05). Descriptive trends in 
flow remaining by formula type are presented in Table 2. 

Table 1. Thickening outcomes, and macronutrient composition of infant and child formulas by product type

Product Type n (%) Baseline (no thickener) Ability to thicken (45 min after thickener added)

Hypoallergenic 5 (33.3%)

Alfamino Thin Level 1

Bebelac peptijunior Thin Level 1

Neocate Thin Level 0

Neocate junior Thin Level 0

Pregomin syneo Thin Level 0

Oral 8 (53.4%)

Fortini multifibre 1.0 Thin Level 0

Fortini multifibre 1.5 Thin Level 0

Infatrini Thin Level 1

Pediasure peptide Thin Level 1

Pediasure plus fiber Thin Level 1

Peptamen junior Thin Level 2

Resource junior Thin Level 1

Resource junior fibre Thin Level 1

Enteral 2 (13.3%)

Nutrini Thin Level 0

Nutrini energy Thin Level 0

Macronutrients Mean SD

Energy (kcal/100mL) 15 126.1 55.6

Protein total (g/100 mL) 15 2.9 0.9

Carbohydrate total (g/100 mL) 15 13.4 5.0

Sugar (g/100 mL) 14 2.3 2.7

Fibre (g/100 mL) 10 0.8 0.6
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Across all time points, the difference between the two 
researchers’ measurements did not exceed 1 mL for any 
sample, thus a third trial was not required. Inter-rater 
reliability was consistently excellent, with intraclass 
correlation coefficients (ICC) ranging from 0.89 at 
baseline to 0.99 at all post-thickening time points. The 
95% confidence intervals ranged from 0.67 to 1.00, 
confirming a high degree of measurement agreement 
between researchers using the IDDSI syringe method. 

Regarding the nutritional content of formulas grouped 
by IDDSI level at 45 minutes, no statistically significant 
differences were found for Energy, Protein, Fat, 
Carbohydrates, Sugar, and Fibre between formulas 
achieving Level 0 and those achieving Level 1 or higher (p 
> 0.05 for all, Table 3). 

A linear regression model was conducted to evaluate 
whether formula type and macronutrient content 
could predict the time required to reach IDDSI Level 1 

consistency. None of the predictors showed a statistically 
significant association with time-to-thickening (p > 
0.05). The model explained 34% of the variance (R² = 
0.343) (Table 4). 

Discussion

This study evaluated the effectiveness of a starch-
based thickener in achieving IDDSI Level 1 consistency 
in infant and child formulas commonly used in Türkiye. 
Despite following the manufacturer’s preparation and 
rest protocols, only 53% of formulas achieved the 
desired consistency after 45 minutes. Liquid formulas 
demonstrated a higher success rate than powder-based 
formulas (60% vs. 40%), but this difference was not 
statistically significant.

Compared to other literature, our results show lower 
thickening success rates. For example, Frakking et al.19 
found that approximately 75% of Australian formulas 
reached IDDSI Level 1 using similar protocols. Differences 
in thickener type, formula composition, and testing time 
likely explain this variability. Our results are more in line 
with Ng et al.21, who reported inconsistent thickening 
performance under variable storage conditions.

The type of thickener is a known factor affecting the 
thickening process.22 One study using starch-based 
thickeners observed that the viscosity increased by 
1.5 times in the first 10 minutes.23 Similarly, another 
study using a xanthan gum-based thickener reported 
that it took 45 minutes to reach the desired level of 
consistency in an infant formula.24 In our study, which 
used a thickener containing carob gum, the percentage 
of formulas reaching IDDSI Level 1 (Slightly Thick) 
increased over time: 27% at 15 minutes, 40% at 30 
minutes, and 53% at 45 minutes. These findings indicate 
that the response of formulations to thickeners may vary 

Figure 2. Achieving rates at least Level 1 based on the 
IDDSI flow test

Table 2. Mean remaining volume (mL) over time by formula type

Time Point All Formulas (Mean ± SD) Powder (Mean ± SD) Liquid (Mean ± SD)

7 minutes 0.34 ± 1.1 0.11 ± 0.07 0.46 ± 1.33

15 minutes 0.81 ± 1.4 0.18 ± 0.05 1.12 ± 1.66

30 minutes 1.2 ± 1.5 0.58 ± 0.54 1.48 ± 1.79

45 minutes 1.7 ± 1.6 1.34 ± 1.36 1.84 ± 1.76

Time: F (1.81, 23.53) = 12.89, p < 0.001
Formula Type: F (1, 13) = 0.834, p = 0.378
Time x Formula Type Interaction: F (1.81, 23.53) = 0.895, p = 0.413
SD: Standard Deviation, Greenhouse-Geisser correction applied for within-subject’s effects due to violation of sphericity.
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significantly across different countries, and that resting 
time is a crucial factor in achieving the targeted IDDSI 
consistency level. Relying on standard practices without 
considering variables like formula type, temperature, 
storage conditions, and waiting time may be insufficient 
to provide safe and effective nutrition. Therefore, on-site 
viscosity assessments for each formulation are of great 
importance for the clinical decision-making process.

Frakking et al.19 reported that formulas with higher protein 
content were more likely to thicken, whereas formulas 
with higher sugar content were less likely to thicken. In 
our study, although we observed a trend of decreased 
thickening time as the amount of fat increased, this 
relationship was not statistically significant. In contrast 

to Frakking et al.’s findings, the macronutrient content 
in our study did not show a statistically significant 
relationship with the probability of thickening success. 
These findings suggest that under the tested preparation 
conditions, macronutrient composition alone may not 
be a reliable predictor of thickening outcomes for the 
evaluated starch-based thickener.

A study in Australia found that powdered formulas 
generally reached low to medium consistencies after 45 
minutes, while liquid formulas showed greater variability.25 
This aligns with the findings by Gosa and Choquett26, who 
also reported broad outcome variability. Our findings 
partially contradict Frakking et al.’s19conclusion that 
powdered formulas consistently perform better than 

Table 3. Assessment of nutritional content of formulas by IDDSI level (45-minute flow test results)

IDDSI Level n Mean SD p

Energy
Level 0 7 136.6 72.6

0.517
Level 1 + 8 117.0 38.4

Protein
Level 0 7 2.70 0.79

0.557
Level 1 + 8 2.98 0.98

Fat
Level 0 7 4.83 140

0.563
Level 1 + 8 5.28 1.57

Saturated fat
Level 0 7 0.80 0.84

0.083
Level 1 + 8 1.82 1.20

Carbohydrates
Level 0 7 12.54 4.70

0.576
Level 1 + 8 14.07 5.50

Sugar
Level 0 7 1.31 2.72

0.196
Level 1 + 7 3.22 2.43

Fibre
Level 0 5 0.72 0.75

0.916
Level 1 + 5 0.77 0.56

t-test, SD: Standard Deviation

Table 4. Linear regression predicting time to IDDSI level 1

Predictor B (95% CI) p

Intercept 68.67 (0.18 to 118.74) 0.02

Formula Type1 -4.28 (-31.14 to 22.57) 0.73

Protein -0.33 (-21.24 to 20.59) 0.97

Fat -4.55 (-20.99 to 11.90) 0.55

Carbohydrates -0.66 (-4.49 to 3.18) 0.71

¹ Formula Type coded as 0 = Liquid, 1 = Powder. All macronutrient coefficients reflect change per gram per 100 mL of formula. The dependent variable is the 
minimum time (in minutes) at which each formula first reached IDDSI Level 1 or higher (i.e., Level 1, 2, or 3). Model R² = 0.343, Adjusted R² = 0.080, p= 0.332.
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liquids. These discrepancies may reflect differences in 
timing, thickener type (starch vs. gum), or environmental 
variables. These factors highlight the importance of 
product-specific evaluation and the need for broader 
standardization studies.

From a clinical standpoint, the inconsistency of thickening 
outcomes highlights the importance of on-site IDDSI 
flow testing before administration, particularly in settings 
where thickeners are used empirically. Additionally, the 
absence of manufacturer-specific guidance on rest time 
and the amount of thickener limits their effective clinical 
use. Even while following the commercial thickener’s 
instructions, only 53% of the formulas reached at least 
Level 1 at 45 minutes.

Limitations 

This was a laboratory (in-vitro) study; IDDSI flow test 
results reflect rheological properties and should not be 
used as a direct proxy for clinical swallowing safety or 
aspiration risk. Generalisability is limited by the modest 
product sample (n=15) and the exploratory nature of the 
statistical models Evaluation of a single commercially 
available thickener, and testing under a single controlled 
condition. The tested thickener was selected because 
it is the only product in Türkiye approved for infants 
and children under three years of age; this strengthens 
contextual relevance but may limit applicability to other 
thickener types and brands. Larger, multi-centre studies 
comparing multiple thickener formulations and testing 
across varied environmental conditions are warranted.

Conclusion

This study demonstrates that the thickening outcomes 
of infant and child formulas varied between products 
but were not reliably predicted by formula type or 
macronutrient content. While the manufacturer’s 
instructions (1.7 g/100 mL with a 7-minute rest) were 
followed, approximately half of the products did not 
achieve IDDSI Level 1 consistency in more than half of the 
products tested. Importantly, the commercially available 
starch-based thickener evaluated in this study lacks clear 
manufacturer instructions regarding the appropriate 
resting time, amount of thickener, or expected IDDSI 
outcomes for different formula types. This absence of 
guidance limits the safe and effective use of thickeners 

in clinical practice. Our findings emphasize the urgent 
need for standardized, evidence-based thickening 
protocols tailored to individual formula characteristics to 
support safer feeding practices in paediatric dysphagia 
management.

Practical applications

This study provides the first data from Türkiye evaluating 
the thickening behaviour of paediatric formulas using a 
standardized IDDSI framework. The findings can assist 
clinicians, dietitians, and hospital nutrition services 
in selecting appropriate formulas for children with 
dysphagia, ensuring safer and more effective feeding 
strategies. Additionally, manufacturers of paediatric 
nutrition products may use this information to improve 
labelling, formulation, and instructions for use of 
thickeners to meet clinical texture standards.
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