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Abstract

Child malnutrition is an endemic public health problem in Africa. Infants are supposed

to receive complementary foods from about 6 months onwards, as breastmilk alone

no longer provide adequate nutrients. Commercially available complementary foods

(CACFs) form an important part of baby foods in developing countries. However, sys-

tematic evidence on whether they really meet optimal quality specifications for infant

feeding is limited. Some CACFs commonly used in Southern Africa and other parts of

the world were investigated to establish if they meet optimal quality standards for

protein and energy content, viscosity, and oral texture. For the energy content, most

CACFs for 6–24-month-old children both in the dry and ready-to-eat forms (range:

372.0–1816.0 kJ/100 g), were below Codex Alimentarius guidelines. The protein

density of all CACFs (0.48–1.3 g/100 kJ) conformed with Codex Alimentarius

requirements, but some (33%) were below the minimum World Health Organization

(World Health Organization. Regional Office for Europe (2019a). Commercial foods for

infants and young children in the WHO European region) target of 0.7 g/100 kJ. Most

CACFs had high viscosity values even at high shear rate of 50 s�1, and were too thick

or thick, sticky, grainy, and slimy, which may limit nutrient intake in infants, poten-

tially causing child malnutrition. There is a need to improve the oral viscosity and sen-

sory texture of CACFs for better nutrient intake by infants.
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1 | INTRODUCTION

Good nutrition in the first 1,000 days of life is essential for the health

and development of children, with implications throughout life.

Breastfeeding is the gold standard for infant nutrition up to at least

2 years (Black, Makrides, & Ong, 2017; WHO/UNICEF, 2003). How-

ever, from about 6 months onwards, breastmilk alone can no longer

provide adequate nutrients, and new foods (complementary foods)

must be included in infants’ diets following regulated norms (Alvarez,

Cancela, Delgado-Bastidas, & Maceiras, 2008). Although homemadeThis article was published on AA publication on: 18 March 2023
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complementary foods are the first-choice recommendation to supple-

ment breastmilk (WHO/UNICEF, 2003), commercially available com-

plementary foods (CACFs) constitute a significant proportion of baby

foods consumed in developing countries (Aryeetey & Tay, 2015).

CACFs are usually made from starchy raw materials, added proteins

and lipids (both from legumes, dried fish, milk powder), micronutrient

premixes, and other ingredients to improve nutritional value and taste

(Dimaria et al., 2018). These products are often purchased in instan-

tized forms requiring minimal cooking, if any, before consumption.

Examples include infant cereals made from rice, oat, barley, wheat,

mixed-grains, and some cereal-fruit combinations (Ng, Dibley, &

Agho, 2012).

Good quality complementary food must have a high nutrient den-

sity (energy, protein and micronutrients), appropriate texture with low

viscosity, semi-solid consistency that allows easy handling and con-

sumption by children (Ahmed & Ramaswamy, 2007; Alvarez &

Canet, 2013; Balasubramanian, Kaur, & Singh, 2014; Bazaz, Baba, &

Masoodi, 2016; World Health Organization, 2003). Although commer-

cially available infant complementary foods serve as a convenient

option for parents and caregivers, their appropriateness for different

ages has been called into question (Tan, Lim, McCrickerd, &

Forde, 2022). Very few studies directly show whether commercial

infant foods really meet recommendations to promote infant health

(Maslin & Venter, 2017), and systematic investigations on their rheo-

logical, textural and ingredient interactions are also limited

(Ahmed, 2007; Alvarez & Canet, 2013).

Extensive studies have been conducted on homemade comple-

mentary porridges, but there is scant rheological data on CACFs, which

are mainly available in dehydrated forms (Ahmed, 2007). Equally, while

there is considerable literature on static sensory measures for the tex-

ture of various complementary porridges, the dynamic oral sensory tex-

ture spectra for CACFs remains to be well investigated. As Nicklaus,

Demonteil, and Tournier (2015) argues, little information is available on

the oral processing properties of commercial baby foods as a function

of age. Such information is important because CACFs are directed at

consumers who cannot express their opinion regarding product accep-

tance or rejection. Complementary food product development needs

technological data to drive continuous quality improvements, yet such

is not readily available, in part because most research is kept confiden-

tial by food processors or protected by patents (Ahmed, 2007). Many

governments and WHO member states require guidance to regulate

baby food manufacturers to improve quality and provide accurate infor-

mation on the product packaging, to avoid misleading consumers or

undermining public health recommendations (World Health Organiza-

tion. Regional Office for Europe, 2019b).

In Europe, some CACFs were shown to be of inappropriate nutri-

tional quality, but information on their oral texture and its potential

effects on nutrient intake was not available (World Health Organiza-

tion. Regional Office for Europe, 2019a). The in-mouth texture of

complementary foods must be matched to the oromotor readiness

and developmental milestones of infants and young children. When

prepared according to label directions for use, CACFs should have a

texture appropriate for the spoon-feeding of infants or young children

of the target age (Codex Alimentarius, 1981; World Health Organiza-

tion. Regional Office for Europe, 2019a).

The viscosity and mouthfeel of complementary foods influences not

only the quantity of food a child can consume, but also nutrient intake

(Bazaz et al., 2016; Mosha & Svanberg, 1983), which if not optimal, may

lead to malnutrition. In infants and young children, oral physiological

capacity, motor skills, and sensory quality are significant determinants of

food choice (Schwartz, Vandenberghe-Descamps, Sulmont-Rossé, Tour-

nier, & Feron, 2018). Therefore, more research is needed to characterize

CACFs for better handling, processing, use and quality control

(Ahmed, 2007). The flow properties of commercial baby foods affect their

eating quality (Ahmed & Ramaswamy, 2007; Alvarez & Canet, 2013).

During early transition to solid foods, infants are more likely to accept

soft textures which they can easily manipulate using only an up-and-

down motion (munching) (Le Révérend, Edelson, & Loret, 2014;

Sampallo-Pedroza, Cardona-L�opez, & Ramírez-G�omez, 2014). Mal-

adapted textures may lead to child malnutrition if infants are unable to

comfortably consume and digest such foods because of limited oral pro-

cessing abilities. Typically, desirable porridge viscosity is one that allows

ease of consumption while maintaining adequate solids content for opti-

mal nutrient density- and this is often a challenging triad to balance.

This research explored the protein and energy content/density,

flow properties (viscosity), and dynamic oral texture quality of some

CACFs commonly used in Southern Africa, to establish if they meet

recommended nutrient intakes for infants and young children aged 6–

8, 9–11, and 12–24 months. Such information may help to guide the

design, processing, and preparation of developmentally appropriate

foods for infants and young children, and to inform science-based pol-

icy formulation to improve child nutrition.

2 | MATERIALS AND METHODS

2.1 | Materials

Fifteen CACFs for infants of different age-groups (Table 1) were used

in the study, with some having specific recipes for different child age-

groups to give a total of 25 recipes. The CACFs were purchased from

shops around Pretoria, South Africa. Products with 8 month or more

Best Before dates were acquired so that all analyses were conducted

on unexpired products.

2.2 | Methods and analyses

2.2.1 | Flow properties and apparent viscosity of
complementary porridge samples

A rotational rheometer (Physica MCR 101, Anton Paar, Ostfildern,

Germany) with temperature control and data acquisition software

(Rheoplus version 3.0x, Anton Paar, Ostfildern, Germany) was used to

measure CACF porridge apparent viscosity at different shear rates

with a vane spindle, following a method described by Makame, De
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Kock, and Emmambux (2020). CACFs were prepared according to the

manufacturers’ instructions (Table 1) and a 22 g sample was trans-

ferred to a rheometer cup. The shear rate range was chosen to cater

for estimates of changes in oral shear capacity with increasing infant

age. Each CACF porridge was evaluated in triplicate, using a freshly

prepared sample. Shear rates of zero, 1.0, 10.0, and 50.0 s�1 were

used for estimating the in-mouth viscosity of complementary porridge

for 6–8, 9–11, and 12–24 months old infants respectively.

2.2.2 | Energy, and protein density of the
complementary porridge samples

Nutrient density was determined based on the declared nutrients

contents of dry products as specified on the product labels accord-

ing to the manufacturers’ preparation instructions. For the recon-

stituted, ready-to-eat or cooked products, the nutrient density was

calculated from the solid content per 100 g of ready-to-eat

porridge.

2.2.3 | Daily energy and protein intakes from
commercial complementary porridges

The daily energy and protein intake from the CACFs were calculated

as follows:

Daily nutrient intake¼ Nutrient
1gporridge

� functional gastric capacity

�meal frequency

ð1Þ

based on assumptions of 3 meals/day and functional gastric capacities of

249 g/meal, 285 g/meal and 345 g/meal for infants and young children

6–8, 9–11, and 12–24 months, respectively (Dewey & Brown, 2003).

2.2.4 | Sensory analysis of the dynamic oral texture
properties

The in-mouth textural properties of CACFs were evaluated by a

trained sensory panel of 10 adult assessors (3 males and 7 females,

TABLE 1 Description of commercially available complementary foods (CACFs) used in the study.

Commercial complementary

porridgea,c
Age

(months)

Dilution rate powder (g):

liquid (ml)

Solids

(%) Description/manufacturer's guide

A1-reference 6–24 50:150 25.0 Enzyme-hydrolyzed cereal (maize 62%)/add water

A2 6–24 50:150 25.0 Enzyme-hydrolyzed cereal (rice 63%), add water

A3 6–24 50:150 25.0 Enzyme-hydrolyzed cereal (wheat 61%), add water

C2 6–24 50:140 26.3 Oat flakes 32%, add water

F1 6–8 45:150 23.1 Enzyme-hydrolyzed cereal (wheat 51%), add water

9–12 67:200 25.1

13–36 80:250 24.2

F2 6–8 35:150 18.9 Enzyme-hydrolyzed cereal (rice 51%), add water

9–12 60:200 23.1

13–36 75:250 23.1

F3 9–12 67:200 25.1 Enzyme-hydrolyzed cereal (wheat, rice, corn, rye,

barley 54%), add water13–36 80:250 24.2

F4 9–12 67:200 25.1 Enzyme-hydrolyzed cereal (wheat, rice, corn, rye,

barley 43%), add water13–36 80:250 24.2

B1 6–24 50:160 35.1 Enzyme-hydrolyzed cereal (maize), add milk

B2 6–24 50:160 35.1 Enzyme-hydrolyzed cereal (wheat), add milk

C1 6–24 20:170 24.8 Whole oat flour 70%, banana flakes 30%, add milk.

D 6–36 20:140 26.3 Maize flour minimum 86%, add milk

E1b 6–12 25:200 26.7 Maize meal flour, 3 min cook with milk

13–36 35:280 25.8

E2 6–12 25:125 30.0 Sorghum flour (minimum 89%), add milk

13–36 35:190 29.1

G 13–36 20:80 32.8 Wheat flour, maize flour, soya flour, add milk

aAll samples were analyzed within best before dates. NAN Optipro milk (Formula 2 for 6–12 and Formula 3 for 13–24 months) were prepared as per

manufacturer by mixing 32 g milk powder with 200 mL pre-boiled luke-warm water, to give a 16% solids content milk. All commercial complementary

porridge samples were purchased from supermarkets in Pretoria, South Africa.
bCooking loss of 5%. The ‘add-water’ commercial porridge samples contain whole or skimmed milk powder within a range of 23–40%.
cCode names were used in place of the actual commercial complementary porridge names.
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aged 22–27 years), following procedures described in Makame,

Cronje, Emmambux, and De Kock (2019). The Temporal Check-All-

That-Apply (TCATA) method was used for the sensory evaluation,

with data collection in Compusense Cloud version 7.8.2

(Compusense Inc., Guelph, ON, Canada). The texture attributes

used for the evaluation of the CACFs are described in Table S1.

Ethical clearance was approved by the University of Pretoria Fac-

ulty of Natural and Agricultural Sciences Ethics Review Committee

(EC 180000086). All persons gave their informed consent prior to

their inclusion in the study.

2.2.5 | Statistical analysis

All analyses were conducted in triplicate using fresh CACF samples

each time, and data reported as mean values with standard deviations.

Rheological data were fitted to the power-law and Cross models to

predict the flow properties of the complementary porridges.

Power-law model:

η¼ k _γn�1 ð2Þ

Cross rheology model:

η¼ η0þη∞: α _γ

1þk _γn
ð3Þ

or simplified Cross rheology model:

η¼ η∞þη0
k
_γ�n, ð4Þ

where η represents the fluid food's effective viscosity as a function

of shear rate, γ. In the power-law model, n is the flow behavior

index; and k is the consistency index at specific shear rate, s�1

(Jun & Yee-Chung, 2016). In the Cross model, η0 is the zero-shear

viscosity (Pa.s), η∞ is the infinite shear viscosity (Pa.s), k is the char-

acteristic (Cross) time constant (s) or 1/k is the onset shear rate for

shear thinning behavior, and n is the (Cross) rate constant with

n ! 0 for Newtonian liquid and n ! 1 for increasingly shear thin-

ning behavior (Gamonpilas, Kongjaroen, & Methacanon, 2023). The

Cross model fitting was done using a Solver Add-in in MS EXCEL

software, following a procedure described in literature (Kongjaroen

et al., 2022; Morrison, 2005; Roberts, Barnes, & Mackie, 2001). The

optimization process is based on minimizing the normalized root

mean square error between the measured/experimental and pre-

dicted viscosity for all shear rate data point (Kongjaroen

et al., 2022). Sensory, rheological and nutrient density data were

analyzed by principal component analysis (PCA), and the temporal

oral texture sensory data processed via TCATA data analysis func-

tion in XLSTAT software (version 2022.3.1). The distribution of

energy and protein density of the CACFs were visualized through

boxplots.

3 | RESULTS AND DISCUSSION

3.1 | Nutrient profiling—energy and protein
density

The energy and protein density distributions for CACFs in the dry and

reconstituted (ready-to-eat) forms are shown in Figure 1a–c.

The overall mean energy density (range: 1,372.0–

1,816.0 kJ/100 g) of CACFs for 6–8 and 12–24 months age groups

(Figure 1a) were below the recommended Codex Alimentarius Stan-

dard value (at least 1,674 kJ/100 g; ≈400 kcal/100 g on a dry weight

basis) for processed cereal-based foods for infants and children

(Codex Alimentarius, 1981; World Health Organization. Regional

Office for Europe, 2019a). Although the nutritional information on dry

weight basis is important, it is the solids content in a reconstituted,

ready-to-eat porridge of suitable oral processing quality that deter-

mines the CACF's ultimate nutritive value. Hence, the nutrient

amount potentially available to infants and young children from por-

ridge depend on the viscosity of reconstituted porridge and infants’
oromotor readiness. In the reconstituted, ready-to-eat products

(Figure 1b), the energy contribution of CACFs for 6–8 months and 6–

24 months age-groups were below the recommended level of

334.6 kJ/100 g (80 kcal/100 g) (Codex Alimentarius, 1981).

In terms of protein density (Figure 1c), all products analyzed met

the recommended minimum content requirement of 0.48 g/100 kJ

(2 g/100 kcal) (Codex Alimentarius, 1981). However, using a protein

content specification of 0.7 g/100 kJ applied in a European study by

the World Health Organization. Regional Office for Europe (2019a),

about eight formulations for the 6–24 months age group were inade-

quate in protein. It is recommended to evaluate the protein quality of

foods for human consumption using the Protein Digestibility Cor-

rected Amino Acid Score (PDCAAS) (FAO, 2013), but the amino acid

scores of the CACFs evaluated were not declared on the product

packs. Infants require essential amino acids such as lysine and phenya-

lanine from complementary foods for healthy growth and develop-

ment (Pencharz & Ball, 2004).

The current findings support previous studies in Africa (Benin,

Burkina Faso, Ghana, and Senegal, Tanzania) (Dimaria et al., 2018;

Muhimbula & Issa-Zacharia, 2010; Treche, 1999), Western Asia

(Saudi Arabia) (Al-Othman, Khan, & Al-Kanhal, 1997), the UK (García,

Raza, Parrett, & Wright, 2013) and Europe (World Health Organization.

Regional Office for Europe, 2019a) where some CACFs were found to

be nutritionally inadequate. Additionally, Masters, Nene, and Bell (2017)

also reported wide variations in nutrient densities, and frequent inconsis-

tencies between products’ actual composition and information printed

on labels of some CACFs marketed in low-and middle-income countries.

Regarding matching CACFs to infants age (a proxy for infants’ oromotor

readiness), about 36% had the same manufacturer's recommended serv-

ing size and preparation instructions across all age-groups (6–8, 9–11,

and 12–24 months). It may be helpful to adapt CACFs textures to the

narrow developmental stages of infants and young children, to effec-

tively meet their increasing nutritional needs and oral processing abilities.
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3.2 | Viscosity of commercial complementary
porridge samples

Infants and young children require foods of appropriate viscosity and

textures which they can easily chew and swallow due to their less

developed oral processing capacity, but which also offers some chal-

lenging and diverse textural experiences to encourage them to learn

healthy feeding habits (Black et al., 2017). Figures 2a–c shows the vis-

cosity profiles of the CACFs explored in this study.

The viscosity profiles (Figure 2a–c) showed a zero-shear viscosity

region (viscosity at low shear rates), and a shear-thinning viscosity

region with increasing shear rate. With the exception of A1 (refer-

ence) and A2 across the three age-groups, most commercial porridges

had high non-Newtonian viscosity exceeding the critical viscosity

limits of 3 Pa.s at the shear rate of 50 s�1 generally considered as

acceptable for infants porridge (Thaoge et al., 2003). Porridge E1 (pre-

pared by a 3-min cooking of native corn/maize meal in milk) and E2

(prepared by instant mixing of sorghum flour with milk) had the high-

est viscosity profiles across all age-groups. The reference A1, A2, and

A3 (the enzyme-hydrolyzed add water formulations) had the lowest

viscosity values, meeting the critical viscosity limit (3 Pa.s) at low

shear rates (10 s�1)—even at higher solids content of 25%.

According to model predictions (Table 2), the zero-shear viscosity

estimate, and K-values were generally higher for non-hydrolyzed

CACFs (E1), lower when hydrolyzed (A1, A2, A3) and were higher

when milk was added (B1, B2, C2, E2).

There was consistency and good agreement between the pre-

dicted η0 values from the Cross-model (Table 2), and the zero-shear

plateau values from the graphs across all porridge samples (shown in

Table 3: 0.001–0.01 s�1). The elevated viscosity of some add-milk for-

mulations (e.g., E1 high in unhydrolyzed starch, B1, B2, D) could be

due to the colloidal dispersions types produced upon reconstitution,

and to interactions of starch molecules with milk proteins (α-casein,

β-casein, and whey proteins—β-lactoglobulins and α-lactalbumins) dur-

ing thermal processing (Hudson, 2013; Jamilah et al., 2009; Kumar,

Brennan, Mason, Zheng, & Brennan, 2017). Previous studies

(Lelievre & Husbands, 1989) found synergistic viscosity enhancement

in cooked starch-caseinates blends. The starch–protein interactions in

food systems normally involve hydrogen bonds, electrostatic interac-

tions and van der Waals forces (Yang, Zhong, Goff, & Li, 2019). High

viscosity in protein-starch food systems depends on the starch and

protein types, concentrations, degree of molecular entanglements,

and potential pseudo-gel food structure formations (Kumar

et al., 2017). Intermolecular bonding among the CACFs ingredient

components during cooking may produce stronger networks with

higher resistance to shear force. Caseinates have been shown to

increase the viscosity of starch paste through formation of large

aggregates by self-assembly, which arises from molecular conforma-

tional changes due to hydrophilic and hydrophobic end groups (Kumar

et al., 2017).

The viscosity of common food systems is also dependent on the

intrinsic biopolymer characteristics such as molecular mass,

F IGURE 1 (a) Energy density of dry CACF products, (b) energy
density of ready-to-eat CACF products, and (c) protein density of dry
CACF products; all compared against the Codex Alimentarius
standard for baby foods, WHO 2019 recommendation, and breast
milk (for energy density). The analysis was done per age group in
months (M). For each CACF group, the mean value where applicable
is shown with a ‘+’, the line inside the box represents the median,
and the top and bottom of the box are the first (25%) and third
quartiles (75%), respectively, with vertical lines (whiskers) showing the
minimum and maximum values excluding outliers (shown as stand-
alone dots above or below the whiskers. #Infants foods should have
an energy density (on a ready-to-eat basis) of at least 334.6 kJ/100 g
(80.0 kcal/100 g), which exceeds the energy provided by breast milk
(288.7 kJ/100 g, ≈69 kcal/100 g) (World Health Organization.
Regional Office for Europe, 2019a). *The protein content shall not be
less than 0.48 g/100 kJ (2 g/100 kcal) and shall not exceed
1.3 g/100 kJ (5.5 g/100 kcal) (Codex Alimentarius, 1981).
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hydrodynamic volume (the volume fraction a coiled polymer takes up

in solution), molecular size, shape, surface charge, deformability, ester-

ification degree in polysaccharides, and amino acids content, in addi-

tion to pH, temperature, ionic strength, and solvent, which affect

protein folding (Masuelli, Sansone, & Aplicada, 2012). In a study by

Alvarez and Canet (2013), high viscosity in meat powder-containing

infant porridges was attributed to protein gel formation via molecular

interactions (hydrogen bonding, ionic bonding, disulphide bonding and

hydrophobic association). In the at-rest state for ready-to-eat CACFs,

the porridge matrix particles commonly exist in agglomerated state,

linked up by weak forces. When the shear forces during oral proces-

sing are sufficiently high, the inter-particle linkages are broken down

resulting in structural unit size reduction, and this lowers viscosity.

All CACFs showed shear-thinning, pseudoplastic behavior (n < 1,

Table. 2). The flow behavior index for most polymer solutions has

been shown to range between 0.3 and 0.7 (Picchi, Poesio, Ullmann, &

Brauner, 2017). Based on this, the Cross model showed better predic-

tions of non-Newtonian fluids behavior, compared to the power law

F IGURE 2 (a) 6–8 months; (b) 9–
11 months; (c) 12–24 months. Viscosity
profiles of some CACFs commonly used to
feed infants and young children at the age
groups. Samples were prepared according
to the manufacturer's guide. The red box
shows the region of acceptable viscosity,
defined by a recommended viscosity limit
of 3 Pa.s (Nout, 1993; Thaoge et al., 2003)

at the assumed oral shear rate of 50 s�1.
Refer to Table 1 for detailed descriptions
of the coded CACFs. Legend key:
Reference ; A2 ; A3

; B1 ; B2 ; C1
; C1-water ; C2 ;

D ; E1 ; E1-water ;
E2 ; E2-water ; F1

; F2 ; F3 ; F4
; G .
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model, although the CACFs would be expected to show different rhe-

ological behavior compared to pure polymer solutions. Shear-thinning

behavior is due to increased alignment of the constituent molecules

as shear rate increases (Maskan & Gö�güş, 2000). CACFs are complex

multiphase systems made up of blends of whey, casein, or soy protein,

a fat source, carbohydrates, a vitamin–mineral mix, and other func-

tional ingredients depending on the manufacturer (Nasirpour, Scher, &

Desobry, 2006; Prakash, Ma, & Bhandari, 2014). Viscosity is directly

proportional to molar mass, with low molecular weight biopolymer

solutions showing no effective entanglements and displaying low vis-

cosity (Mezger, 2014).

The use of hydrolytic enzymes is often used in industry to yield

porridges of both acceptable flow behavior (viscosity) and improved

energy and nutrient density. Bennett et al. (1999) reported that amy-

lase liquefaction of high energy density, high viscosity (HD-HV) por-

ridges resulted in increased energy consumption by young children.

Enzymatic hydrolysis and dextrinization of starch lowers its molecular

size, improving its ease of flow and deformation when prepared as a

complementary porridge. Drum-drying (Trèche, 2002) and extrusion

cooking (Muoki, 2013) are also applied to reduce the viscosity of

CACFs and increase nutrient density. Mukwevho and Emmambux

(2022) also illustrated the viscosity lowering effect of exposing Bam-

bara flour paste to infrared + microwave heat treatments, which was

explained by the unavailability of starch to form a viscous paste due

to a surrounding protein matrix that forms around the starch granules.

Methods such as roasting, fermentation, and germinating cereal and

legume grains prior to processing into flours (Ademulegun &

Koleosho, 2012; Ejigui, Savoie, Marin, & Desrosiers, 2007; Syeunda,

Anyango, & Faraj, 2019), could be adopted as alternative viscosity-

lowering options by the food industry. These processing technologies

cause desirable changes in texture with preservation of nutrients and

flavors (Kaavya et al., 2022).

Although lactose, maltose, sucrose, maltodextrins, glucose syrup

or dried glucose syrup, (along with enzyme-hydrolyzed starch, pre-

TABLE 2 Predicting the steady shear flow properties from rheological data using the power-law and Cross model, for selected commercial
complementary porridge samples.

Complementary porridge codec Infant age (months) Water or milk Solids (%)

Power law modela Cross modelb

K n R2 n η∞ (Pa.s) η0 (Pa.s)

A1-reference 6–24 Water 25.0 4.7 0.31 0.99 0.6 0.001 358.7

A2 6–24 Water 25.0 6.2 0.33 0.99 0.6 0.001 371.4

A3 6–24 Water 25.0 24.2 0.31 0.85 0.3 0.001 1,690.5

C1 6–24 Water 26.3 62.9 0.29 0.97 0.7 0.001 5,728.8

F1 6–8 Water 23.1 47.7 0.28 0.99 0.7 0.001 4,159.0

9–12 Water 25.1 69.9 0.29 0.99 0.7 0.001 3,985.8

13–24 Water 24.0 55.3 0.31 0.98 0.7 0.001 3,532.0

F2 6–8 Water 18.9 24.2 0.30 0.97 0.8 0.001 45,620.3

9–12 Water 23.1 62.9 0.29 0.95 0.8 0.001 3,035.7

13–24 Water 23.1 65.3 0.30 0.95 0.8 0.001 3,231.0

F3 9–12 Water 25.1 99.3 0.31 0.98 0.7 0.001 4,290.6

13–24 Water 24.2 80.6 0.32 0.98 0.7 0.001 3,894.6

F4 9–12 Water 25.1 62.4 0.31 0.99 0.7 0.001 3,303.2

13–24 Water 24.2 47.6 0.33 0.98 0.7 0.001 2,955.7

B1 6–24 Milk 27.4 49.0 0.24 0.98 0.8 0.001 3,620.0

B2 6–24 Milk 27.4 40.3 0.31 0.96 0.7 0.001 2,493.5

C2 6–24 Milk 24.8 77.5 0.26 0.96 0.7 0.001 7,110.6

D 6–36 Milk 25.3 30.8 0.25 0.78 0.8 0.001 3,506.0

E1 6–12 Milk 25.3 184.9 0.34 0.87 0.7 0.001 25,565.7

13–36 Milk 25.3 294.2 0.36 0.88 0.7 0.001 45,620.3

E2 6–12 Milk 30.0 130.7 0.25 0.96 0.7 0.001 14,472.5

13–36 Milk 29.1 79.5 0.27 0.93 0.7 0.001 9,073.1

G 13–36 Milk 32.8 54.8 0.28 0.87 0.8 0.001 9,811.5

Note: Samples were analyzed at 40�C and shear rates of 0.001–1,000 s�1.
aK is the consistency coefficient; R2 is a power-law regression coefficient which estimates the degree of fit of the model to shear-thinning behavior.
bn is the flow behavior index; η0 and η∞ are the zero-shear and infinite viscosity estimates respectively. All η∞ values were taken as positive irrespective

of sign.
cCodes for commercial complementary porridges.
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cooked, or pre-gelatinized starch) are recommended in CACFs

(Nasirpour et al., 2006), it is important to note that added free sugars,

being a cause for public health concern, should not be more than 10%

of total energy intake (World Health Organization. Regional Office for

Europe, 2019a). No added sugars were listed on labels, however, most

CACFs had declared total sugar content values between 20% and

40%. This was consistent with Marais, Christofides, Erzse, and Hof-

man (2019) who reported that about 78.7% of CACFs in their study

had a high total sugar content, promoting sweet-taste preferences

and eventually, diet related non-communicable diseases (NCDs).

According to the Standard for Processed Cereal-Based Foods for

Infants and Children, Codex Alimentarius Standard 74 (Codex

Alimentarius, 1981), sucrose, fructose, glucose, glucose syrup or

honey added to the ‘add-milk’ products shall not exceed 1.8 g/100 kJ

(7.5 g/100 kcal), and for fructose, 0.9 g/100 kJ (3.75 g/100 kcal). For

the ‘add-water’ products, the limit shall be 1.2 g/100 kJ (5 g/100 kcal)

and 0.6 g/100 kJ (2.5 g/100 kcal) for fructose.

3.3 | Daily energy and protein intake estimates
from commercial complementary porridges for 6–
24 months old children

The daily energy and protein intakes and viscosity values at different

shear rates for the CACFs are presented in Table 3. At zero shear

rates, all CACFs except A1-reference and A2 at 1 s�1, had high viscos-

ity values (>3 Pa.s) for infant oral processing. At 10 s�1 only a refer-

ence porridge and A2 were below 3 Pa.s. At the porridge solids

content specified by manufacturers, samples D and G met the recom-

mended viscosity limit but were inadequate in providing the recom-

mended protein and energy intakes for all 3 age-groups (Table 3).

Even though samples A1, A2, A3, B1, B2, and F2 had acceptable

viscosity, they did not meet the energy and protein requirements for

the 9–24 months age-group.

Although in most cases, the CACFs’ nutritional information panels

claim to provide adequate daily nutrient intakes to infants and young

children, some CACFs do not meet the minimum regulatory require-

ments for energy and protein especially when reconstituted and con-

sumed at 3 meals/day. At zero shear rates, all porridges failed to meet

the viscosity criterion (3 Pa.s) (Table 2). At a shear rate of 10 s�1, only

2/23 of the porridges (8.7%) had appropriate viscosity, while at

50 s�1 only 12/23 (52.2%) met the recommended viscosity level. In

cases where the energy and protein content of the porridges were

adequate, the viscosity was often high and potentially not suitable for

infant feeding due to lower operational shear rates and absence of

rotary chewing skills which begin to develop late (around 10–

12 months) in infants (Cichero, 2017). Previously, Faber, Laubscher,

and Berti (2016) reported that some caregivers (about 66%) do not

serve CACFs as per manufacturer's recommendations due to high vis-

cosity, but rather dilute with water, a practice which lowers the por-

ridge's nutrient density.

While it is generally believed that optimal complementary foods

should be well suited to infants’ chewing and swallowing abilities for

a pleasant early feeding experience, emerging research (for example,

Black et al., 2017; Nicklaus et al., 2015) is showing the importance of

introducing diverse and reasonably challenging textures to infants at

appropriate stages of oral development. This helps infants to learn to

accept different textures later in life. A child's oromotor readiness refers

to its ability to efficiently and safely chew and swallow a given texture.

Hence, caution should always be exercised, and this nutrition transition

should be well managed, as very high viscosity porridge is difficult to

orally breakdown and swallow for children due to their limited oral

motor abilities. The ease of swallowing a food bolus is highly linked to

its rheological quality (Gallegos, Brito-de la Fuente, Clavé, Costa, &

Assegehegn, 2017). Yet, there is a lack of technical guidance in matching

the rheological properties of foods with individuals’ oral-motor capabili-

ties. The inappropriate rheological properties of CACFs may limit nutri-

ent intake in infants, eventually leading to child malnutrition. The daily

energy needs of children increase from approximately 600 kcal

(2,520 kJ/100 g) at 6–8 months of age to 900 kcal (3,780 kJ/100 g) by

12–23 months of age (Dewey & Brown, 2003). Therefore, children

require the correct amounts of food of appropriate texture for age, for

healthy growth and development. Low energy density CACFs are unde-

sirable because infants’ and young children's small stomachs limit food

consumption to only relatively small amounts at mealtimes (World

Health Organization. Regional Office for Europe, 2019a), thus poten-

tially leading to protein–energy malnutrition.

3.4 | Linking the rheological, sensory, and nutritive
properties of the CACFs

Instrumental viscosity measurements alone may not fully describe the

consistency and oral textural perceptions of porridges, in part due to

the differences in mechanisms by which food is physiologically han-

dled in-mouth. Figure 3a(i)–h(ii) shows 16 TCATA product curves

(dynamic sensory texture spectra) obtained from sensory evaluation

by using two oral processing (OP) methods. Additional graphs for the

rest of the samples are provided in Appendix S1X1a(i)–k(ii).

Across all products and method, the texture attributes creamy,

smooth, and soft were common, being perceived early on during

food oral processing and retaining high citation proportions through-

out. B2_6–24 M (Figure 3c[ii]) was evaluated as significantly cream-

ier than the rest early in oral processing, while E1_13–24 M

(Figure 3g[i–ii]) and G_12–24 M (Figure 3h[i–ii]) were perceived as

significantly less creamy during the same initial oral processing phase

by both the normal and up-down methods. However, B1, B2, E1, D,

and G had high citation proportions for thick, too thick, sticky,

grainy, less smooth, and slightly chewy compared to the other por-

ridges, in some case low citation proportions for easy to swallow

(Figure 3b,c,e–h[both i–ii]). These sensory characteristics were more

pronounced in the up-down method and contrasted with the texture

profile of A1 which was generally thin, watery, and easy to swallow.

The texture profiles were dependent on the product composition

and preparation method as directed on the label information panel

for the ready to eat form.
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Figures 4a,b and 5a,b show visually the relationships among rheo-

logical (viscosity), and oral texture, and nutritional content data of the

CACFs. The results indicate that if the rheological properties and sen-

sory texture are not optimized, nutrient intake in infants and young

children may be reduced.

In Figure 5a,b, the first three PCA factors explain 73% of the vari-

ation among samples, with F1 (38%) separating samples into ‘add-

milk’ and ‘add-water groupings’. The ‘add-milk’ CACFs were associ-

ated with high consistency coefficients and higher viscosity at all

shear rates, being too thick and difficult to swallow. However,

although the ease/difficulty of swallowing is used as a sensory

descriptor in food oral texture profiling, its relationship to objective

measures of bolus flow (rheology) or physiology is unclear (Munialo,

Kontogiorgos, Euston, & Nyambayo, 2019). E1- a minimally processed

TABLE 3 The viscosity values analyzed at 40�C, and predicted nutrient intakes (protein and energy, based on assumed shear rate of 50 s�1

and viscosity cut-off of 3 Pa.s) from CACFs, in comparison to the recommended age-appropriate protein and energy intakes.

Commercial
porridgec

Recipe
(months) Solids (%)

Viscosity (Pa.s) at different shear rates
Energy
(kJ/day)

Protein
(g/day)0.001–0.01 s�1 d 1 s�1 10 s�1 50 s�1

A2 6–24 25.0 303.2 6.6 1.1 0.5 2,658 23

A3 6–24 25.0 1,443.3 26.3 3.7 1.4 2,658 23

B1 6–24 35.1 3,906.7 55.8 8.2 2.7 2,607 16

B2 6–24 35.1 2,363.3 49.2 7.4 2.5 2,574 19

C1 6–24 24.8 4,558.9 53.8 10.8 4.1 2,160 22

C2 6–24 26.3 4,456.7 65.6 10.6 3.1 2,703 22

D 6–36 26.3 3,290.0 37.2 4.7 1.1 2,049 11

E1 6–12 26.7 25,350.0 248.5 39.6 10.6 2,757 18

13–36 25.8 35,166.7 327.3 54.6 16.9 3,861 25

E2 6–12 30.0 12,696.7 117.7 21.0 7.0 2,139 15

13–36 29.1 7,660.0 71.8 12.8 4.0 3,120 22

F1 6–8 23.1 2,568.9 53.8 7.7 2.7 3,045 23

9–12 25.1 3,653.3 81.0 11.7 4.0 3,045 23

13–24 24.2 3,102.2 67.2 9.9 3.4 4,350 33

F2 6–8 18.9 1,645.6 27.2 4.3 1.4 2,364 24

9–12 23.1 2,824.4 78.0 10.6 3.4 2,364 24

13–24 23.1 3,028.3 81.9 11.0 3.5 1,244 38

F3 9–12 25.1 3,974.4 109.0 17.4 6.0 3,366 33

13–24 24.2 3,597.8 94.0 14.7 5.0 4,020 40

F4 9–12 25.1 3,031.1 71.4 11.2 3.8 3,360 31

13–24 24.2 2,618.9 53.6 8.8 3.1 4,014 37

G 13–36 32.8 7,487.5 58.2 11.5 2.5 1,494 14

Reference (A1) 6–24 25.0 254.6 5.0 0.8 0.3 2,658 23

RNIa for low BMEb infants 6–8 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 2,318 5.2

9–11 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 2,944 6.7

12–24 month ≤ 3 Pa.s ≤ 3 Pa.s ≤ 3 Pa.s ≤3 Pa.s 4,318 9.1

RNI for average BME infants 6–8 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 1,495 2.0

9–11 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 2,012 3.1

12–24 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 3,242 5.0

RNI for high BME infants 6–8 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 672 1.1

9–11 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 1,079 1.7

12–24 month ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s ≤3 Pa.s 2,167 3.6

Note: The viscosity values for the CACF porridge samples that may have acceptable viscosity of about 3Pa.s at 50 s�1 are shown in bold.
aRecommended nutrient intake based on (Dewey & Brown, 2003). Each viscosity value represents a mean of three replicates. The energy and protein

values declared on product package were used to calculate the daily intake estimates assuming 3 meals/day.
bBME refers to the breast milk energy intake. Children are classified into low, average, and high BME intake groups based on energy quantities acquired

from mothers’ milk (Dewey & Brown, 2003).
cCodes represent the actual names of CACFs used in the study.
dZero-shear viscosity values based on the first/lower plateau of the viscosity-shear rate curves.
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F IGURE 3 a(i)–h(ii). Temporal check-all-that-apply (TCATA) texture attribute curves for eight selected commercially available complementary
foods (CACFs, porridge form). Attribute reference lines (represented as dotted lines in the figures) are shown only during periods of significant
differences (p ≤ .05) in citation proportion for a specific CACF sample compared to the mean of all others. Significant reference line segments are
contrasted with highlighted thicker sections of attribute curves for convenient visualization. The ‘letter_number’ at the beginning of a product
name is the code for a specific CACF, while the ‘number and a letter’ after the name shows the infant age group for which the recipe was
specified on the product packaging. Samples were evaluated by the Normal (healthy, normal adult chewing) and the up-down (munching, as with
babies learning to chew) OP method respectively. Nineteen CACFs were investigated and 11 which are not shown here were provided in
Appendix S1.
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maize flour requiring a 3 min cook in milk, differed the most from the

add-water samples, being characterized as difficult to swallow, too

thick, and with high viscosity (Figure 5a,b).

The ‘add-water’ CACFs (which already had a protein source

included) were positively correlated with low apparent viscosity, high

energy and protein densities and intakes, being soft, thin, and easy to

swallow (Figure 5b). This was probably due to incorporation of

enzyme-hydrolyzed ingredients and the absence of a cooking step—

both of which reduces starch–protein interactions in the porridge, as

such interactions enhance viscosity. Overall, the CACFs showed a

wide variation in their suitability for infant feeding based on their flow

properties, sensory texture, and nutritive properties.

Texture affects liking or rejection of many foods for clinically rele-

vant populations such as infants where lower oral shear rates apply. In

another relevant study investigating the effect of dispersing media

(water, apple juice, and low-fat milk) on the shear and extensional

rheology of thickeners used for dysphagia management, Kongjaroen

et al. (2022) found that the zero-shear viscosity was significantly

affected by the dispersing media, whereas there was no marked effect

on high shear viscosity, especially at shear rate 50 s�1 traditionally

assumed for oral processing. These results highlight the importance of

the zero-shear viscosity as a critically relevant parameter especially in

infant foods, where oral shear rates are thought to be very low

(Manrique et al., 2016). For infants and young children, oral shear

rates increase with age, and during food oral processing, a large drop

in viscosity from the zero-shear viscosity is observed when a critical

shear rate or shear stress is achieved, signifying the beginning of the

shear thinning region. Infants have limited tongue or pharyngeal mus-

cle strength, less developed dentition, and weak masticatory muscles

to be able to generate the critical shear stress and shear rates for initi-

ating shear-thinning. When very low stress is applied to a shear-

thinning fluid, the Brownian forces are not overcome by the shear and

F IGURE 3 (Continued)
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the food macromolecules remain folded in a network arrangement

(elastic recoil), which then shows a high zero-shear viscosity (η0)

(Larson, 1999). Hence, there is need to consider characterizing the

apparent viscosity of infant foods for 6–8 months at zero-shear to

≤1 s�1. For this purpose, the Cross model which can more accurately

predict the zero shear (η0) and infinite shear (η∞) viscosities in the

limits of γ ! 0 (very low) and γ ! ∞ (very high) shear rates respec-

tively (Modigell, Pola, & Tocci, 2018), was used. Much higher shear

rates (10–50 s�1) may be considered with increasing age as children

acquire rotary chewing abilities (Himmlova, Goldmann, Ihde, &

Konvickova, 2007). Infant foods must be suited to children's oromotor

readiness for a pleasant eating experience.

Food is judged as difficult to eat when the bolus is difficult to form

(Laguna, Farrell, Bryant, Morina, & Sarkar, 2017). Too thick, sticky, and

difficult to swallow CACFs may present feeding challenges to infants,

reducing daily nutrient intakes, and contributing to undernutrition. The

tongue movement (which is highly restricted at 6–8 months) contrib-

utes to food oral processing by exerting shear force on the food, aided

by the hard palate during oral processing (Yamada, Kanazawa, Komaga-

mine, & Minakuchi, 2015). In an earlier study by Ross, Tyler, Borgog-

none, and Eriksen (2019), the apparent viscosities of some fluid foods

at lower shear rates (10 s�1 compared to 50 s�1 and 100 s�1) showed

strong and positive correlations with perceived oral texture in individ-

uals with impaired food oral processing abilities, indicating that low

shear rates seem to be associated with a limited oral processing capac-

ity. During swallowing, the tongue generates higher propulsive forces

and tongue pressure amplitudes to initiate flow in extremely thick

foods compared with thin liquids (Steele, Bailey, & Molfenter, 2010).

F IGURE 4 (a) F1 and F2;
(b) F1 and F3. PCA maps for the
CACFs, showing the overall
relationships among samples
based on sensory, rheological,
nutrient composition and intake
data. CACFs are code-named,
with the first letter representing
the brand/manufacturer, a

number to differentiate between
CACFs from same manufacturer,
and lastly the letter M preceded
by a number to represent the
target age for the porridge. The
centroids of each group are
shown as bold, solid diamonds,
while the CACFs are shown as
solid round dots. The ‘add-milk’
and ‘add-water’ qualitative
descriptors represent the
supplementary variable. The ‘add-
water’ had a protein source
already included in the
formulation. Refer to Table 1 for
detailed descriptions of the coded
CACFs.
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Our results agree with those reported by Nicklaus et al. (2015),

showing large variations in oral texture across infant age groups for

CACFs on the French market. When prepared according to the label

directions for use, commercial complementary foods should have a

texture and consistency appropriate for the targeted age (World

Health Organization. Regional Office for Europe, 2019a). Presently,

there are no clear-cut regulations regarding CACFs texture, and

inconsistencies may compromise public health objectives for child

nutrition. As also suggested by Tan et al. (2022), there is need for

closer alignment between CACFs’ sensory texture properties and

their recommended specific age and stage of infant development

communicated through front-of-pack labels.

It is vital however to consider some important limitations to the

study. Firstly, the magnitude and distribution of shear rates and shear

stress levels in the oral cavity of infants, as well as the effects of non-

rheological parameters on oral texture perception were not consid-

ered as they remain not known. Additionally, we acknowledge the lim-

itation of using declared protein and energy contents rather than

analyzing the porridges, as what is declared on the product pack may

turn out to vary from what is analyzed. There is also increasing confir-

mation of the relevance of both shear and extensional deformations

in food oral processing (Chen & Lolivret, 2011), with many fluid foods

potentially displaying significant differences in their responses to

shear and extensional forces. This study only focused on shear

F IGURE 5 (a) F1 and F2 and
(b) F1 and F3. PCA biplots for the
CACF samples based on sensory,
rheological, nutrient composition
and intake data. Small red circles
are the active variables, while the
small blue triangles are the active
observations (CACF samples).
Refer to Table 1 for detailed

descriptions of the coded CACFs.
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deformations, that is, fluid deformation under a stress applied parallel

to the surface. Extensional deformation occurs when a stress is

applied perpendicularly to the surface of the deformation (Lv, Chen, &

Holmes, 2017), as in the up-down (munching) oral processing method.

Extensional flow may cause much higher deformations in colloidal sys-

tems in comparison with shear deformation (Yuan, Ritzoulis, &

Chen, 2018). Furthermore, Lv et al. (2017) have found that humans

have a greater discriminatory capacity in perceiving extensional com-

pared to shear viscosity, even though the mechanisms are not under-

studied (Yuan et al., 2018). Therefore, information on the extensional

viscosity of complementary foods is critical for practical oral texture

sensory predictions and require concurrent investigation in future

studies.

Additional factors in and outside the mouth such as panelist individ-

ual differences in mouth geometry, the amount and rate of saliva

secreted, and variable tongue behaviors when evaluating the samples,

may also have influenced the perceived rheology of the CACFs. It is well

known that chemical senses (olfaction, taste, and trigeminal) affect swal-

lowing behavior (Loret, 2015), and since this aspect was not studied, the

different CACFs would probably elicit varied chemical sensations, with

unknown rheological interactions. Additionally, the mechanisms of

mechano-sensation for foods viscosity have not been elucidated, nor is

the degree of changes in viscosity (just noticeable differences [JNDs] and

Weber fractions) required to initiate these physiological changes in per-

ception (discrimination thresholds) known. This lack of complete scientific

understanding of the oro-tactile mechanisms for infant texture perception

limits understanding the texture of CACFs during consumption.

The specification of a single shear viscosity is insufficient to capture

the dynamic rheological texture response associated with the in-mouth

food process, of complementary foods, but also due to individual differ-

ences among infants and their restricted oral physiology as a function of

their age. Food texture perception arises from the food's interactions

with mechanoreceptors in the oral cavity, and the interpretations of neu-

ral impulses by the brain (Breen, Etter, Ziegler, & Hayes, 2019). There-

fore, individual differences in neurological behaviors among panelists can

potentially affect results. The study used an adult panel and not infants,

due to the challenges of working with young children in research. The

results would potentially vary if infants were to participate, given that

the mechanisms of oral processing and food texture perception vary with

physiological development of the oral system (Munialo et al., 2019). An

additional limitation of this study is that we did not investigate the tribo-

logical properties of the CACFs. Soft tribology is increasingly becoming

an important analytical tool in food science and food oral processing, for

determining the lubricity and friction properties of thin food films acting

as lubricants between the tongue and palate. This would help to under-

stand the biophysical mechanisms behind perceived texture such as

smoothness, creaminess, and grittiness.

4 | CONCLUSIONS AND REMARKS

Some CACFs do not meet international quality standards for energy

and protein content, and therefore, fail to support public health dietary

recommendations for healthy growth and development of infants and

young children. The viscosity values of most CACFs at shear rate esti-

mates for infant oral processing (zero-shear—50 s�1) are high, exceed-

ing recommended limits for baby porridge. Concurrently, information

about the oral-texture profiles of CACFs is quite limited and requires

more research. High porridge viscosity can limit protein and energy

intake in infants and young children, especially those receiving low to

average breast milk energy (BME) intake, and this perpetuates protein–

energy malnutrition. Some CACFs are suboptimal in energy and protein

content, not complying with published quality standards for nutrient

content which could potentially lead to malnutrition in children.

There is a need for improving the flow properties, oral viscosity,

and texture of CACFs for better energy and protein intakes among

infants and young children. Careful assessment of the viscosity of

CACFs at the point of use is recommended to ensure an appropriate

porridge viscosity and a pleasant consumption experience which sup-

ports high nutrient intake. The viscosity and oral texture specifications

of CACFs must be defined on the product label to inform users on the

oral processing behaviors of the porridge under specified conditions.

Further work is recommended to comprehend the precise shear rates

applicable for in-mouth oral processing in infants and young children.

Due to the continuous progression of young children's physiological

development and nutritional needs, complementary foods research

must be focussed on even narrower age ranges for results to be mean-

ingful. This is important in designing more effective baby foods to meet

the needs of infants and young children. These narrow age-ranges must

also be reflected on the product panel labels. Shear rates from zero-

shear ≤1 s�1 for 6–12 month, and ≤ 50 s�1 for 12–24 months may be

more practical and relevant for infant feeding.

There is also a need to improve on manufacturers’ preparation

instructions and nutritional labeling of food products for infants and

young children. Products should comply with the International Codex

Alimentarius standards, relevant national government agencies and

the WHO guidelines on composition, nutrition, or oral texture. It is

also important for manufacturers to define appropriate upper age

limits for some products which are labeled as 6–24 or 36 months, to

encourage a timely transition to family foods and adapting textures to

the developmental readiness of children.
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