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A B S T R A C T   

There is an increasing trend today towards plant-based diets in western society, often resulting in milk restric-
tion. In the case of very young children, the direct substitution of milk by other foods, without proper nutritional 
advice, may lead to a lack of nutrients and hence to growth and development alterations. This study focuses on 
the nutritional assessment of various commercially available plant-based drinks, to determine their adequacy as 
alternatives to ruminant milk, in relation to the nutritional requirements of toddlers (1–3 years old), and to 
establish whether other sources of nutrient supplementation may be needed, as well as any other possible 
positive and /or negative health effects associated to their consumption. A sample of 179 commercial plant-based 
drinks (almond, coconut, hemp, oat, rice, soy, tigernut) were chosen and their nutrient contents were compared 
to the EFSA nutrient reference values for toddlers. The scientific literature on the presence of bioactive and/or 
undesirable compounds was reviewed. 

None of the plant-based drinks studied should be considered as a milk substitute, since they are different food 
products with a different composition. However, from the results obtained, the best choice for toddlers who do 
not consume milk would be to consume at least 250 mL/day of fortified soy drink (for its higher amount and 
quality of protein, polyunsaturated fatty acids and phytosterols), and always in the context of a carefully- 
balanced diet. Almond, hemp or oat drinks are other alternatives that can be used in combination or for soy- 
allergic toddlers. 

The key nutrients that should be fortified in plant-based drinks are: vitamins A and B12, calcium, zinc and 
iodine, as they represent the most significant nutritional differences with milk; vitamin D would also be desir-
able. Of these, vitamins A, B12, D and calcium, are easily found in many commercial plant-based drinks on the 
Spanish market (most frequently in soy drinks), unlike iodine and zinc, which were not added to any. Given the 
fish restriction in vegetarians/vegans and the fact that plant-based drinks provide high amounts of phytates and 
tannins, which act as antinutrients, a good strategy for the industry would be to fortify plant-based drinks with 
iodine and zinc to improve the nutritional value of products aimed to vegetarians/vegans.   

1. Introduction 

Among all the available food options for infants, prolonged breast-
feeding is the best choice during the first 1–2 years of life, or even longer 
(World Health Organization, 2021). During this period a decision may 
be made to use infant or follow-on formulas, where cow milk and, more 
recently, goat milk are used as the main protein source (Prosser, 2021; 
Salazar Quero et al., 2018). During the second year of life food choices 

start to be more similar to the general population, depending on the 
habits and preferences of each family. At this time milk and dairy 
products continue to be basic children’s diets, and provide high-value 
proteins, vitamins, minerals and fats. Two to three servings/day of 
milk or dairy products are therefore recommended in the food-based 
dietary guidelines in Spain and other countries (Martińez et al., 2020; 
Martínez Rubio, 2020).). Most populations opt for ruminant milk (cow, 
goat or sheep) due to its availability and/or tradition; sources of milk 
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such as camel or buffalo milk may be used in other countries. 
The concept of vegetarianism/veganism began to spread in various 

countries in the mid 20th century as a part of a trend to develop and use 
of animal-free food alternatives for the benefit of animals, humans, and 
the environment. Vegetarian and vegan culture is mainly driven by 
cultural ethical, religious, or environmental reasons are the main rea-
sons that move vegetarian and vegan culture (Allès et al., 2017). A 
vegetarian/vegan diet is based on plant foods, such as fruits, vegetables, 
nuts, seeds, whole grains and legumes and their derivatives, and ex-
cludes the consumption of all types of meat, fish and molluscs or crus-
taceans. Dairy products, eggs, and honey may be consumed, so that 
there are several types of vegetarian diets (Agnoli et al., 2017; Baldas-
sarre et al., 2020). Several studies show that vegan and vegetarian 
populations have increased in recent years. In Europe, it is estimated 
that between 1 % and 10 % of population follow this type of diet (Baroni 
et al., 2018), although there are no current data to accurately quantify 
the number of vegans. In Spain, data from 2011 estimated the number of 
vegetarians at about 700,000, with a growing number of children born 
into a vegan family environment (Rosenfeld & Burrow, 2017). 

There are several studies on the suitability of vegetarian and vegan 
diets for health at different stages of life. Some of the results highlight 
the impact of a vegetarian vegan diet on general health, especially for 
avoiding or reducing the risk of overweight and obesity, type 2 diabetes, 
cardiovascular diseases, and certain types of cancer, in addition to 
improving body mass index (BMI) and hip circumference (Jakse et al., 
2019; Miles et al., 2019; Pawlak, 2017; Salvador et al., 2019; Weder 
et al., 2019). However, these studies sometimes present contradictory 
results; the differences may be due to the design of the study, especially 
the population group considered for comparisons, as well as the 
different models of plant-based or vegan diets. 

The Spanish Paediatric Association has confirmed the suitability of 
plant-based diets for children, although stating that highly restrictive 
diets require an additional effort to ensure an adequate dietary strategy 
(Redecilla et al., 2020). Thus, although it is advisable for infants and 
young children to follow an omnivorous or at least an ovo-lacto- 
vegetarian diet, it has also been maintained that children following 
vegetarian diets, may grow and develop normally, provided these diets 
are well balanced. However, other studies report that there is insuffi-
cient evidence to confirm that even with a well-balanced plant-based 
diet, the growth and/or development of vegetarian and vegan children 
will not be compromised as there is a lack of data from longitudinal 
studies that evaluate the nutritional adequacy of these diets on the 
health of infants, children and adolescents, and particularly the medium 
and long-term impact of this type of diet on health (Agnoli et al., 2017; 
Jakse et al., 2019; Kiely, 2021; Miles et al., 2019; Pawlak, 2017; Peretti 
et al., 2020; Redecilla Ferreiro, Moráis López, & Moreno Villares, 2020; 
Richter et al., 2016; Salvador, García-Maldonado, Gallego-Narbón, 
Zapatera, & Vaquero, 2019; Schürmann, Kersting, & Alexy, 2017; 
Weder, Hoffmann, Becker, Alexy, & Keller, 2019; Sutter and Bender, 
2021). 

When assessing the adequacy of a particular type of diet, another 
point to bear in mind is that food restriction is usually accompanied by 
the substitution with other foods. Milk restriction may be a choice of 
vegetarians/vegans, but it is also a necessity for people suffering cow 
milk protein allergy (CMPA) or lactose intolerance. Food-mediated 
allergic reactions are a growing health problem, especially in children, 
and require the total avoidance of the allergenic agent. Cow milk pro-
teins are a major allergen in early life, with an estimated prevalence of 
CMPA in developed countries of up to 3 % at age of one year (Flom & 
Sicherer, 2019; Seth et al., 2020). Lactose malabsorption/intolerance 
may be of different types (Ugidos-Rodríguez, Matallana-González & 
Sánchez-Mata, 2018): those affecting children may be congenital lactase 
deficiency (a rare genetic condition), developmental lactase deficiency 
(as a result of premature birth at 28–32 weeks, before lactase production 
in the gut), or primary hypolactasia (the most frequent type, normally 
appearing at the age of about 5–7 with the maximum impact in 

adulthood, and widely variable prevalence depending on the geographic 
region, from 5 % in Northern Europe to 90 % in Asian countries). All 
these situations require the exclusion of ruminant milk from the diet 
(either partially in some lactose intolerant people or totally in the cases 
of milk allergy). The alternatives are often plant-based beverages, with a 
similar appearance and uses to milk and a wide variety of products in the 
market. These plant-based drinks cannot be called milk, as this term is 
restricted to the product of mammary glands, although the EU allows 
certain exceptions where the term “milk” refers to this type of products 
in response to traditional uses. This is the case of “almond milk” in Spain 
or “coconut milk” in Italy, among others (European Union, 2010). 

Previous studies analysing the nutritional composition of various 
plant-based drinks have demonstrated that these options would in no 
case replace milk, although they may serve as possible alternatives in the 
case of dietary milk restriction. This is a nutritional challenge, and 
nutritional intervention should be considered in order to ensure 
adequate energy and nutrient contributions to safeguard patient health, 
especially in children at critical stages of growth and development 
(Clegg et al., 2021; Mennini et al., 2020; Paul et al., 2020; Protudjer & 
Mikkelsen, 2020; Schiano et al., 2020; Singhal et al., 2017; Vitoria, 
2017; Wright & Smith 2020). Although concern focuses on the nutrients 
that are supplied in significant proportions by ruminant milk, attention 
should also be paid to the child’s overall diet, since -for example- lactose 
intolerance or milk protein allergy entails merely restricting milk and 
dairy products, whereas for a vegetarian/vegan child other animal 
products are also restricted, and thus other alternative sources of nu-
trients of animal origin are unavailable. In other cases, toddlers may still 
be breastfed (as reccommended by public health programmes advising 
prolonged breastfeeding), so in these cases, the risk of deficiencies is 
lower due to the nutrients supplied by human milk. For all these reasons, 
the choice of foods for vegetarian/vegan toddlers should be specifically 
and carefully planned to avoid nutrient deficiencies, with a particular 
emphasis on proteins, since milk is a major source of proteins of high 
nutritional quality, and micronutrients. Besides, proteins, essential 
micronutrients include vitamin A, as the provitamin A provided by 
plants has a lower efficiency of bioconversion to retinol (Soares et al., 
2019); vitamins B12 and D, which are absent from plant-based foods 
(Bailey et al., 2018; Gallego-Narbon et al., 2019 Hovinen et al., 2021; 
Rudloff et al., 2019); and iodine, which plays an important role in 
growth and development in the first three years of life, and whose main 
sources in the diet are sea foods and dairy products (Yeliosof & Silver-
man, 2018). Other important minerals are calcium (crucial during the 
development of bone mass, in early life) and zinc (a structural compo-
nent of many proteins and involved in several important functions in the 
human body such as metabolism and immune functions). Both are 
present in seeds and other plant foods, but with lower bioavailability 
due to the chemical forms present and the possibility of binding to some 
antinutritional compounds such as phytic acid or tannins in foods of 
plant origin (Faster et al., 2013; Heaney et al., 2000; Weaver et al., 
1999). Ruminant milk significantly contributes to the dietary intake of 
these nutrients, and thus its replacement in the diet of vegan toddlers 
should be accompanied by their substitution with alternative food 
sources or by nutrient supplementation to avoid deficiencies in vulner-
able people (Menal-Puey, Martinez-Biarge & Marques-López, 2019). 

To assess the suitability of plant-based drinks as milk alternatives, 
require accurate knowledge of their nutritional composition. However, 
Food Composition Databases (FCDs) present a wide variability in the 
composition data for different plant-based drinks. This has been 
corroborated in a search carried out in eight national and international 
FCDs: Moreiras Tuni et al., 2018 (Spain); AUSNUT, 2011-2013; Cana-
dian Nutrient Archive, 2015; McCance and Widdowson, 2015 (UK); 
BEDCA, 2022 (Spain); USDA, 2022; FAO/INFOODS, 2022. Heteroge-
neity of data is due to the fact that they do not always specify whether 
they come from fortified or unfortified drinks, the amount of the main 
ingredient, the presence of added sugar, and other factors affecting the 
final composition of the product. In other cases, the information is scarce 
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(e.g. hemp drink) or refers to products that may not be equivalent (e.g. 
some values described for “coconut drink” refer to the canned product, 
which is sometimes different from the commercial products labelled as “ 
coconut drink”). 

With this background, the main aim of this study is to assess the 
nutritional composition of various commercial plant-based drinks (in 
the way they are marketed) to determine their adequacy as alternatives 
to ruminant milk, in terms of the nutritional requirements of toddlers 
(1–3 years old), and to establish whether other sources of nutrient 
supplementation may be needed, in addition to other possible positive 
and /or negative health effects associated to their consumption. 

2. Material and methods 

A descriptive study was carried out in order to evaluate the 
composition of various plant-based beverages. Seven types of drinks 
prepared from different plant foods were chosen: almond (seeds), co-
conut (seeds), hemp (seeds), oat (grains), rice (grains), soy (seeds) and 
tigernut (tubers). They were surveyed in different supermarkets and 
specialized stores in Spain, as well as websites. Tigernut drinks were 
included because although plant-based drinks are relatively new prod-
ucts for the Spanish population, tigernut drinks (traditionally called 
“horchata”) enjoy a centuries-old tradition in Spain, and so could be an 
option for people interested in promoting traditional autochthonous 
products. 

A total sample of 179 commercial plant-based drinks was obtained, 
coded according to the type of drink and brand, with special attention to 
their nutrition facts and claims. The claims searched were: presence or 
absence of sugar, light/lite, fortified with nutrients and certified 
"organic". Information on ingredients and nutritional composition was 
compiled from labelling. Flavoured drinks and/or mixed drinks were 
considered for this study because the added ingredients may alter their 
basic composition. 

The European Food Safety Authority (EFSA) Nutrient Reference 
Values (NRVs) for children between 1 and 3 years old were considered 
(EFSA, 2017) as scientific support for the need to adapt and ensure the 
intake of nutrients in this type of diet. In addition to nutritional values, 
an in-depth review was made of the presence of other bioactive com-
pounds with proven health benefits in the selected plant-based drinks, 
and the possible presence of undesirable compounds (antinutrients, al-
lergens and/or potentially toxic compounds, either naturally occurring 
or as contaminants). 

The IBM SPSS® version 21 program was used for the statistical 
analysis of the variables. A descriptive analysis was carried out for the 
different samples. The data were expressed in number of cases, per-
centages and frequencies. 

3. Results and discussion 

3.1. Study of commercial plant-based drinks and their nutrient 
contribution to diet. 

Fig. 1 shows the distribution of the sample according to the type of 
drink, with oat, soybean and almond drinks being the most frequent 
(26.8 %, 24.6 %, 23.5 %, respectively). The information on the amount 
of the main ingredient is highly significant, as its percentage will 
determine the nutritional composition of the product. As can be seen in 
Fig. 2, most drinks (37.4 %) had 10–15 % of the main ingredient, fol-
lowed by another group (25.1 %) containing 5–10 %. The most repeated 
value for the amount of the main ingredient was 14 %. It is important to 
note that in the highest interval, many cereal drinks (rice and oat) and 
some soy drinks were significant for having the highest percentage of the 
main ingredient (15.3 % average), and as much as 20 % in a few samples 
of rice drink. In contrast, the lowest interval (0–5 %) contains mostly 
almond beverages, which, together with hemp drinks, presented the 
lowest values of the main ingredient (3.7 and 3 %, average, 

respectively). Thus, in terms of the amount of the main ingredient, oat 
and rice beverages can be considered as being more adequate in 
providing a higher amount of material from these seeds. 

A claim related to organic certification was observed in 54.2 % of the 
beverages studied (n = 97). This declaration is voluntary for the food 
industry and identifies products whose ingredients are organically pro-
duced (European Union, 2007). 

For the discussion of the results for nutritional value, the tables have 
been organised as follows. Table 1 shows the nutritional composition of 
each type of commercial plant-based drink, compared to ruminant milk 
(cow and goat milk). Based on these data, and in order to evaluate the 
possible nutritional deficiencies associated with the substitution of cow 
milk by these types of beverages, the nutrients for which cow milk can 
be considered as a source in the human diet (based on European Union 
Regulations 1924/2006 and 1169/2011) were selected and compared 
with the amounts of nutrients supplied by plant-based beverages. These 
nutrients were: proteins, vitamins A and B12, calcium, iodine and zinc. 
These selected vitamins and minerals are shown in Table 2 together with 
other nutrients of interest (vitamin D, iron and Na/salt), and their 
contents are expressed as the percentage of DRVs covered with an 
amount of 250 mL of the plant-based beverages in this study. The 
amount of 250 mL milk /beverage was selected, as it corresponds to a 
standard cup or glass (Moreiras Tuni et al., 2018), and also according to 
the recommendations of several organisms, such as World Health Or-
ganization (2008), related to milk intake in complementary feeding and 
during childhood. Table 3 presents information on the claims in the 
labelling of the drinks relating to the presence/absence of added salt and 
sugars (according to European Union Regulation 1924/2006) and 
fortification with various nutrients, which are detailed in Table 4. 
Finally, Table 5 shows the different ingredients used for calcium forti-
fication in the plant-based drinks analysed. 

3.1.1. Energy and proximal composition of commercial plant-based drinks 
Cow and goat milk provide an energy value of 157–194 kcal per 250 

mL serving. Plant-based drinks had a lower energy value than ruminant 
milk, except for tigernut drink, which had a similar value. Six com-
mercial soy drink samples presented the nutritional claim of being 
“light”; however, soy drink is not necessarily more energetic than other 
drinks; the explanation for this may be because these drinks are more 
widespread than the others, and consumers may demand low energy 
products. 

The higher energy value of tigernut drinks is due to the frequent 
addition of sugars; as it can be seen in Table 1, tigernut drinks have an 
average content of up to 26.4 g of total carbohydrates/250 mL, of which 

Fig. 1. Distribution of the studied drinks according to the type of the 
main ingredient. 
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-according to the labelling- 20.9 g corresponds to sugars (although the 
amount of added sugar is not shown on the label, so this content would 
include the naturally occurring and the added sugars). 

Compared to other beverages, tubers (tigernut) and cereals (rice and 
oat) drinks had a higher carbohydrates content (all with an average 
content of 18–26 %), as expected, mainly due to the greater presence of 
starch as a reserve compound in grains and tubers. However although 
carbohydrates are naturally high in these products, as it can be seen in 
Table 3, only 4–7 % of oat and rice drinks (respectively) presented added 
sugars (78–83 % with claims of about added sugars), whereas the 
opposite occurs for the tigernut drinks: 89 % listed added sugars in the 
ingredients list, and only 1 of 9 claimed to have no added sugars. 

Other plant-based drinks may also have added sugars for sensorial 
reasons. Soy and almond drinks frequently had added sugars, (57 and 43 
% of the samples, respectively), with high variability in the final amount 
declared (0–9 g/100 g). It should be noted that a declaration of a value 
of 0 in the labelling does not necessarily mean total absence, but close to 
0; in the case of almond drinks, this is due to the low amount of almond 
seed sometimes used to prepared the drink (sometimes less than 5 % as 
mentioned above). 

From the whole sample studied, 59 % of the commercial drinks 
claimed to have low sugar content (“sugar-free”, “no added sugar”, “zero 
sugars”), while 73 of 179 beverages made no claims relating to sugar 
(Table 3). Of these, 56 samples listed sugar in their ingredient list (31 
%), while 17 samples (9 %) had no added sugar and made no sugar- 
related claim. Only two samples included sweeteners other than sugar 
in their composition. 

According to World Health Organization (2015), the free sugar 
intake in the diet should not exceed 10 % of the total energy intake. Also 
Fidler Mis et al. (2017) recommended a maximum intake of 15–16 g of 
free sugar/day recommended for 2–4 year old children. A serving of 250 
mL of many commercial tigernut drinks and some rice and oat drinks 
would surpass this level. For that reason, plant-based drinks with added 
sugars should not therefore be recommended as a staple food; although 
they can sporadically be consumed within the context of a balanced diet; 
similarly to tigernut drink traditionally consumed in Spain as an occa-
sional sweet cold refreshment. 

The total amount of dietary fibre is improved in plant-based drinks 
vs. ruminant milk. All the plant-based drinks studied provide average 

values between 0.9 g fibre in rice drink samples and 1.5 g fibre in oat 
drinks, per 250 mL serving (Table 1); oat drinks had the maximum 
values as expected. These contents would contribute to fibre intake in 
toddlers, although it should be taken into account that plant-based diets 
already provide high amounts of fibre, and thus the fibre content of plant 
drinks is not essential (Kahleova, Levin and Barnard, 2017; Miles et al., 
2019; Müller, 2020; Redecilla Ferreiro, Moráis López & Moreno Villares 
2020). 

As expected, the fat content is lower in the plant-based drinks 
(2.0–7.2 g/250 mL serving) than in ruminant milk which may present 
values from 8.5 to 12.0 g/250 mL serving (see Table 1). The various 
drinks responded to the profile to be expected from their composition, so 
coconut milk presented about 90 % saturated from total fatty acids (4.4 
g/250 mL) compared to other plant-based drinks, close to ruminant 
milk; while almond milk had a high percentage of monounsaturated 
fatty acids (3.4 g/250 mL, being about 76 % of total fatty acids), and 
soybean drink were notable with almost 60 % of polyunsaturated fatty 
acids (2.6 g/250 mL). Many of these fatty acids may have interesting 
functional properties, as discussed in subsection 3.1.1. 

Hemp drinks had a higher fat content compared to the other plant- 
based drinks, due to the high presence of fat in these seeds and to the 
addition of hemp oil. In this study it was observed that sunflower oil was 
added to 53 of 179 beverages: rice (n = 25 of 28; 89.3%), oat (n = 24 of 
48; 50.0%) and almonds (n = 4 of 42; 9.5%). In view of this, the use of 
olive oil, golden flax or canola oil could improve the fatty acid profile of 
these beverages. Oil addition, as well as other ingredients may modify 
the palatability of these products. A variety of different oils can be added 
to plant-based beverages (coconut, corn, flaxseed, olive, palm, soybean, 
sunflower or other edible oils) in order to be dispersed in the water 
phase to form a low viscosity emulsion with some of the sensory attri-
butes of bovine milk, providing thicker mouth feeling (Scholz-Ahrens 
et al., 2020; McClements, Newman, & McClements, 2019). Regarding 
the addition of oils in plant-based beverages, supplementation with EPA 
+ DHA, as indicated by EFSA (2017) would also be a good strategy for 
vegan/vegetarian toddlers since they are often excluding fish which are 
major dietary sources of these fatty acids with very important functions 
in early development; some other dietary sources such as seaweeds may 
be used as sources of these fatty acids for supplementation of these 
drinks of other food products. 

Fig. 2. Distribution of the studied drinks according to the percentage of the main ingredient declared on the label (a = Global distribution; b = Distribution of the 
different types of beverages grouped by percentage of main ingredient). 
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Table 1 
Values of energy and nutrients (average ± standard deviation) in 250 mL (equivalent to one serving) of the drinks studied, including both fortified and non-fortified drinks.  

Type of 
drink 

Energy 
(Kcal) 

Carbohydrates 
(g) 

Sugars 
(g) 

Fibre 
(g) 

Total 
Fat 
(g) 

Saturated 
Fatty 
Acids (g) 

Monounsaturated 
Fatty Acids (g) 

Polyunsaturated 
Fatty Acids (g) 

Proteins 
(g) 

Vitamin 
A *(μg) 

Vitamin 
D* (μg) 

Vitamin 
B12* 
(μg) 

Calcium 
* (mg) 

Iron* 
(mg) 

Sodium 
* (mg) 

Iodine 
* (μg) 

Zinc* 
(mg) 

Almond 73  5.47  4.02  1.16  4.45  0.55  3.39  1.35  1.97 300  2.00  0.84 273  5.25  114.3  –  – 
(n = 42) ±30  ±5.90  ±5.68  ±0.69  ±1.32  ±0.26  ±0.69  ±0.51  ±1.06 ±101  ±1.06  ±0.35 ±145   ±46.1   
Coconut 71  4.19  1.14  1.25  4.86  4.38  –  –  0.53 –  1.88  0.95 280  –  85.6  –  – 
(n==7) ±38  ±2.98  ±1.73   ±1.85  ±1.76    ±0.46    ±27   ±22.3   
Hemp 

(n =
1) 

100  5.50  0.75  1.30  7.25  0.75  –  –  2.50 –  –  – –  –  40.0  –  – 

Oat 117  19.78  11.79  1.54  2.55  0.51  0.87  1.12  2.33 225  2.27  0.95 288  –  90.2  –  – 
(n = 48) ±13.3  ±4.01  ±4.53  ±0.96  ±0.81  ±0.29  ±0.40  ±0.54  ±0.85 ±48  ±1.17  ±0.19 ±148   ±66.6   
Rice 135  26.50  14.59  0.89  2.66  0.37  0.76  1.40  0.82 –  1.88  0.96 283  –  85.6  –  – 
(n = 28) ±19  ±5.54  ±4.36  ±0.86  ±0.72  ±0.22  ±0.30  ±0.55  ±0.55   ±0.83  ±0.34 147   ±14.8   
Soy 101  6.39  4.77  1.16  4.40  0.81  0.96  2.58  7.83 300  1.88  0.99 300  –  90.7  –  – 
(n = 44) ±21  ±4.33  ±3.61  ±0.49  ±1.46  ±0.28  ±0.44  ±1.18  ±1.72 ±125  ±0.89  ±0.040 ±150   ±41.4   
Tigernut 161  26.43  20.89  1.21  5.94  1.64  –  –  1.42 –  –  – –  –  108.2  –  – 
(n = 9) ±43  ±11.83  ±9.97  ±0.58  ±0.66  ±0.45    ±0.17       ±61.7                     

Cow 
milk 
** 

160  12.08  12.08  –  9.00  5.30  2.51  0.28  8.22 106  0.13  0.99 303  0.24  119.2  25.2  1.09  

±2.5  ±0.58  ±0.58   ±0.50  ±0.44  ±0.22  ±0.05  ±0.55 ±0.17  ±0.10  ±0.42 ± ±0.01  ±6.29  ±3.9  ±0.43 
Goat 

milk 
** 

179.17  11.5  11.50  –  10.75  6.92  2.84  0.4  8.92 98.33  0.18  0.2 324.1  0.27  116.7  10.0  1.07  

±24  ±0.66  ±0.66   ±2.18  +0.99  ±0.71  ±0.33  ±0.72 ±2.89  ±0.06  ±0.00 ±64  ±0.03  ±19.1  ±14.1  ±0.16 

When standard deviation does not appear, means that only one value was found; when a line appears, means that any value was found in the labelling for this parameter. 
* Values only for drinks claiming fortification (non-fortified drinks are not obliged to present vitamins and minerals content in labeling). 
** Whole cow and goat milk, non-fortified. Data obtained from Moreiras Tuni et al. (2018), BEDCA (2022),FAO/INFOODS (2022). 
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Table 3 
Presence of information related to sugars, salt or nutrient fortification in label-
ling of studied plant-based drinks, expressed as frequency (Percentage).  

Type of 
drink 

Claims related 
to sugar 
content(“Zero 
sugars” / “No 
added sugars”) 

Added sugars 
in the 
ingredient list 

Added salt in 
the 
ingredient 
list 

Claims 
regarding any 
nutrient 
fortification 

Almond 
(n =
42) 

22 (52.4 %) 18 (42.9 %) 31 (73.8 %) 19 (45.2 %) 

Coconut 
(n = 7) 

6 (85 %) 1 (14.3 %) 7 (100 %) 4 (57.1 %) 

Hemp (n 
= 1) 

1 (100 %) 0 0 0 

Oat (n =
48) 

40 (83.3 %) 2 (4.2 %) 25 (52.1 %) 22 (45.8 %) 

Rice (n =
28) 

22 (78.6 %) 2 (7.1 %) 24 (85.7 %) 12 (42.9 %) 

Soy (n =
44) 

14 (31.8 %) 25 (56.8 %) 28 (63.6 %) 29 (65.9 %) 

Tigernut 
(n = 9) 

1 (11.1 %) 8 (88.9 %) 1 (11.1 %) 0 

Total 106 (59.2 %) 56 (31.3 %) 116 (64.8 %) 86 (48.0 %)  

Table 4 
Fortification with proteins, vitamin A, D and B12, calcium and iron, in the 
studied plant-based drinks, expressed as frequency (percentage).  

Type of 
drink 

Proteins Vitamin 
A 

Vitamin 
D 

Vitamin 
B12 

Calcium Iron 

Almond 
(n =
42) 

2 (4.8 
%) 

6 (14.3 
%) 

10 (23.8 
%) 

8 (19.0 
%) 

19 (45.2 
%) 

1 
(2.4%) 

Coconut 
(n = 7) 

0 0 1 (14.3 
%) 

1 (14.3 
%) 

4 (57.1 
%) 

0 

Hemp (n 
= 1) 

0 0 0 0 0 0 

Oat (n =
48) 

1 (2.1 
%) 

2 (4.2 
%) 

10 (20.8 
%) 

2 (4.2 
%) 

26 (54.2 
%) 

0 

Rice (n =
28) 

0 0 7 (25.0 
%) 

3 (10.7 
%) 

12 (42.9 
%) 

0 

Soy (n =
44) 

0 10 (22.7 
%) 

15 (34.1 
%) 

9 (20.4 
%) 

28 (63.6 
%) 

0 

Tigernut 
(n = 9) 

2 (22.2 
%) 

0 1 (11.1 
%) 

0 0 0 

Total 5 (2.8 
%) 

18 (10.0 
%) 

44 (24.6 
%) 

23 (12.8 
%) 

89 (49.7 
%) 

1 (0.5 
%)  

Table 5 
Distribution of samples in terms of ingredients used for calcium fortification.  

Type of drink Type of fortificacion Frequency Percentage 

Almond (n = 42) Calcium salts 13  31.0  
Seaweeds 6  14.3  
Total fortified samples 19  45.2 

Coconut (n = 7) Calcium salts 1  14.3  
Seaweeds 2  28.6  
Calcium salts + seaweeds 1  14.3  
Total fortified samples 4  57.1 

Oat (n = 48) Calcium salts 10  20.8  
Seaweeds 11  22.9  
Total fortified samples 21  43.8 

Rice (n = 28) Calcium salts 7  25.0  
Seaweeds 5  17.9  
Total fortified samples 12  42.9 

Soy (n = 44) Calcium salts 21  47.7  
Seaweeds 7  15.9  
Calcium salts + seaweeds 1  2.3  
Total fortified samples 29  65.9 

Hemp drink does not appear in the table, because the sample found was not 
calcium fortified. 

D. Escobar-Sáez et al.                                                                                                                                                                                                                          

https://www.who.int/toolkits/child-growth-standards/standards/weight-for-length-height
https://www.who.int/toolkits/child-growth-standards/standards/weight-for-length-height


Food Research International 160 (2022) 111646

7

Besides the modification of the lipid fraction, other technological 
strategies, such as fermentation, can contribute to greater palatability 
(Tangyu et al., 2019). Although this study does not include drinks with 
added flavourings, they may be useful in the transition process of 
introducing these products into the diet. Likewise, the use of plant-based 
drinks made from a combination of two or more base materials can 
contribute to a better sensorial experience. 

The drinks with the closest protein content to the ruminant milk 
(7.7–8.5 g/250 mL) were soy drink (7.83 g/250 mL on average). As can 
be seen in Table 2, commercial soy drinks usually provide better 
coverage of proteins DRVs for toddlers (29.2–81.2%), followed by hemp 
(20.8 %), oat (4.1–20.2 %) and almond (7.5–35.8 %) respectively. In 
comparison, ruminant milk supplies over 63 %, only exceeded by some 
soy drink samples with very high amounts of plant material (more than 
15 %), probably formulated to provide 100 % of protein DRVs. 

These values should not only be interpreted quantitatively, but also 
in terms of protein quality. In this aspect, it should be noted that almond, 
coconut and rice have lower levels of total essential aminoacids than 
cow milk (about 40 % or less), with the lowest amount corresponding to 
methionine, lysine and tryptophan. Soy protein is considered to be one 
of the best plant protein sources. It provides about 11 % fewer essential 
aminoacids than cow milk, and a proportion of essential aminoacids 
closer to cow milk in terms of Digestible Indispensable Aminoacid Scores 
(DIAAS), although methionine is a limiting aminoacid (Sousa & Kopf- 
Boland, 2017). Studies on hemp protein have shown that with the 
exception of lysine and sulphur-containing aminoacids, other essential 
aminoacids are found in suitable levels. They present values similar to 
pulses in terms of Protein Digestibility-Corrected Amino Acid Scores 
(PDCAAS), being of about 50 % of casein as reference protein (100 %); 
this value was 92 % for soy protein and 23 % for almond protein 
(Gorissen et al., 2018; House et al., 2010; Wang et al., 2008). However, it 
should be noted that most of these studies focus on the quality of the 
whole protein in the plant material, while in plant-based drinks not all 
the protein in the plan matrix is likely to remain in the final filtered 
product, so the proportion of essential aminoacids will differ from the 
raw material. 

The low lysine or methionine content of some of these proteins can 
be offset by ingesting 2–4 times more protein and combining different 
protein sources such as hemp or rice (low in lysine) with soy or pea (low 
in methionine) in a 50/50 ratio, resulting in a better amino acid 
composition (Gorissen et al., 2018; House et al., 2010). It was also 
observed that 2.8 % of the commercial plant-based drinks surveyed 
(namely samples of tigernut, almond and oat drinks) declared the 
addition of plant protein. Thus, supplementation with leguminous plant 
proteins (soy and/or pea) has been reported as a useful strategy to 
improve the protein profile of beverages such as coconut, almond, oat or 
rice (Lu et al., 2020). 

3.1.2. Vitamins in commercial plant-based drinks 
A vegan/vegetarian diet may be adequate in many nutritional as-

pects, but vitamin B12 deficiency (Aguirre et al., 2019; Gallego-Narbón 
et al., 2019), may occur, especially in vegan diets. Therefore, when 
substituting ruminant milk with plant-based beverages, particularly in 
children, this nutrient should supplemented either by fortifying the 
beverage or by taking a separate dietary supplement. Vitamins D and B12 
are not naturally present in plants (although vitamin D can be partially 
obtained through exposure to UV light), and vitamin A activity may be 
present as provitamin A carotenoids, with less activity than retinol, so 
their supplementation should also be considered. 

As it can be seen in Table 3, the “fortification” claim was present on 
the labelling of 86 drinks (48%), and Table 4 shows that the main for-
tifying substances added were: proteins, vitamins A, D, B12, and calcium. 
Soy and oat drinks were more frequently fortified than other drinks (61 
and 50 %, respectively), as they are probably the most widespread va-
rieties. According to European Union Regulations 1924/2006 and 1169/ 
2011, the fortification claim is not mandatory foods; however, if any 

such claim appears (including the term “source of” or “high amount in”), 
it is mandatory to display the vitamin and mineral amounts in the 
nutrition information on the label. In this context, Table 1 shows the 
vitamin A, B12 and D content of commercial plant-based drinks that 
claim to be fortified with these nutrients, since the content of these vi-
tamins was not declared in the nutrition facts for the other samples. 

Vitamins in commercial hemp and tigernut drinks were not fortified 
nor declared (Tables 2 and 4). For other samples, vitamin A content was 
only mentioned in fortified almond, oat and soy drinks, providing more 
than 80 % of DRVs for vitamin A (Table 2). Vitamin D was provided at a 
maximum level of 33 % of DRVs in fortified almond drinks, and in 
amounts of 6.3–12 % DRV in fortified coconut, oat, rice and soy drinks. 
Vitamin B12 was present at over 50 % DRVs in fortified almond, coconut, 
oat and rice drinks, and up to 70 % in soy drink. The values of these 
vitamins in these fortified plant-based beverages were often higher than 
those present in non-fortified ruminant milk, especially in the case of 
vitamin D. Given than the diets of vegetarian/vegan toddlers usually 
exclude animal foods that are rich sources of both vitamins, supple-
mentation in either the drinks consumed or as specific food supplements 
would be highly recommended. As shown in Table 4, vitamin D has the 
highest frequency of fortification in commercial plant-based drinks 
(24.6 %), while only 12.8 % of the products studied were enriched with 
vitamin B12, and 10 % with vitamin A (less necessary than others, since 
plant products may provide provitamin A). Soy drinks are notable for 
presenting the highest frequency of fortification with these three 
vitamins. 

3.1.3. Calcium in commercial plant-based drinks 
Calcium bioavailability depends on several factors, such as individ-

ual conditions, the form in which it is present in the food, and the 
presence of components that enhance or decreasing its absorption. 
Ruminant milk has a high content of calcium that is highly bioavailable 
under the conditions in the gastrointestinal tract, among other reasons, 
due to the adequate ratio calcium/phosphorus, close to one; in plant 
foods, phytates and oxalates forms complexes with calcium, that are not 
solubilized and ionized even at the low pH encountered during gastric 
transit, and this fact limits calcium absorption (Shkembi & Huppertz, 
2021). 

Some of the raw plant materials used to produce the drinks in this 
study are rich in calcium, such as for example, almonds (BEDCA, 2022); 
however, in the final drink these levels will depend on the proportions of 
the ingredient used and the production process. Non-fortified drinks did 
not indicate the amount of calcium, since it is not mandatory; in fortified 
almond, coconut, oat, rice or soy drinks, the amount of calcium added, 
represented between 33 and 88 % of DRVs per 250 mL serving, while 
ruminant milk would cover about 60–88 % (Table 2). In hemp and 
tigernut beverages, neither the content nor the fortification with this 
mineral was declared. 

Other studies on calcium content in plant-based drinks, such as that 
of Alozie and Udofia (2015) found lower values of calcium in almond 
drink (32.8 mg/250 mL), but higher that in other plant-based beverages 
such as soy drinks (9.8 mg/250 mL). Moraleja García-Saavedra (2017) 
also reported higher calcium content in almond drinks (500 mg/250 
mL), compared to oat or rice drinks (300 mg/250 mL). Chalupa- 
Krebzdack et al. (2018) reported calcium content of 100–473.7 mg/ 
250 mL in almond drink, in agreement with Siqueira Silva et al. (2020) 
who found 370.5 mg/250 mL, and 282 mg/250 mL in soy drink. These 
high values exceed those expected from the natural calcium present in 
the plant material, taking into account the usual proportions of the main 
ingredient as indicated in FCDs (BEDCA, 2022), coming from fortifica-
tion of the drinks to approach levels of cow milk (300–325 mg/250 mL). 
This agrees with Astolfi et al. (2020), who studied mineral content in 
different plant beverages and concluded than Calcium content in forti-
fied soy drink is about 300 mg/250 mL, much higher than in non- 
fortified rice, oat and spelt drinks (10–43.5 mg/250 mL); non-fortified 
hemp drinks have been reported to contain about 30 mg calcium/250 
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mL. 
In this study, calcium was found to be the nutrient most frequently 

added to plant-based drinks, as this is one of the most important dietary 
contributions of milk. From all the commercial samples studied, 89 
samples (about 48 % of the total) were calcium-fortified, with over 42 % 
of each category studied, with the exception of hemp and tigernut. All 
the soy, oat and almond drinks claiming fortification were fortified in 
calcium, independently of other nutrients that might also be added 
(Table 4). 

Calcium fortification strategies for foods should consider that factors 
such as calcium load or chemical form might condition its bioavalability. 
Shkembi & Huppertz (2021) observed that calcium absorption in soy 
drinks fortified with calcium carbonate was similar to that of bovine 
milk, and both were significantly higher than for soy drinks fortified 
with tricalcium phosphate, with the same calcium load. As seen in 
Table 5, 64 % of the total calcium-fortified samples contained calcium 
salts (calcium carbonate, calcium phosphates or calcium citrate); in 30 
samples (33 %) calcium came from seaweeds, while two of the 85 drinks 
(coconut and soy) contained a combination of both. Fortification with 
calcium from seaweeds (Lithothamnium calcareum) is a current trend 
today, however, although there is as yet insufficient evidence to support 
the suitability of the use of calcium from seaweeds in humans, one study 
revealed a similar bioavailability to calcium carbonate (CaCO3) in pig-
lets (Schlegel & Gutzwiller, 2017). 

Due to the importance of calcium in childhood, fortification with this 
nutrient in any plant-based drink chosen to feed for toddlers is highly 
recommended, to levels of 300 mg per 250 mL (similar to milk). Related 
to calcium/phosphorus ratio, it has been reported around 5 in soy drink, 
according to results of Lacerda Sanches et al. (2020); for that reason, 
phosphorus fortification may be also explored, not only to better 
contribute to the intake of this mineral, but also to equilibrate calcium/ 
phosphorus ratio and contribute to calcium absorption. Otherwise other 
calcium food sources, such as breast milk, vegetables or nuts (taking into 
account the drawback of oxalates and phytates) or food supplements 
should be used, to achieve a DRV of 450 mg/day. 

3.1.4. Other minerals in commercial plant-based drinks 
Iodine and zinc were not fortified (nor declared) in any of the drinks 

studied (Table 2). Seeds and other plant foods are known to be good 
dietary sources of zinc, although, as mentioned above, its bioavailability 
is limited by the presence of tannins and phytates (Alonso-Esteban et al., 
2022; Dahdou et al., 2019; Souci, Fachmann & Kraut, 2008). It should 
also be noted that -as with other minerals-, not all the zinc content in the 
plant material would be found in the filtered drink, since a portion will 
be bound to the polymer matrix. Astolfi et al. (2020) reported values of 
0.5, 0.12, 0.1, 0.15 mg zinc/250 mL respectively for soy, rice, oat and 
spelt drinks, compared to values of about 1 mg/250 mL found in FCDs 
for ruminant milk; and Lacerda Sanches et al. (2020) reported lower 
bioaccesibility of zinc and phosphorus (as it is in a high extent as phytate 
compounds) in soy drink compared to cow milk. It is therefore advisable 
in the diet of children who do not consume ruminant milk to increase the 
presence of foods providing high amounts of zinc (such as whole cereals 
and nuts), breast milk and/or food supplements to reach the DRV of 4.3 
mg zinc per day. 

Iodine is essential in children’s early development and its main 
sources are sea foods and dairy products. The intake of this nutrient may 
therefore be adequate they consume fish (e.g. those who are allergic to 
cow milk or lactose intolerant); however, vegetarian/vegan toddlers are 
at higher risk of iodine deficiency (Brantsæter et al., 2018; Karcz, 
Królak-Olejnik & Paluszyńska, 2019; Vila et al., 2020; Yeliosof & Sil-
verman, 2018). Other sources such as seaweeds are not usually 
consumed in sufficient amounts to provide iodine DRVs; and are not so 
advisable for the paediatric population due to the possible presence of 
contaminants such as Cd, As, Pb, Sn (Desideri et al., 2016; Peñalver 
et al., 2020). To the authors’ knowledge there are no data in the liter-
ature on the presence iodine in plant-based drinks, since these products 

are not expected sources of this mineral. Given that 250 mL of cow milk 
can provide about 26 % of iodine DRV for toddlers (Table 1), and plant- 
based drinks are not assumed to provide significant amounts of this 
mineral unless they are fortified, supplementation with about 90 μg of 
iodine per day is recommended for children for whom other iodine 
sources in their diet are restricted, and for the mothers of breastfed 
toddlers. 

Iron is present in low amounts in ruminant milk, and also in some 
plant foods, although its bioavailability is not high; it has therefore not 
been considered as a nutrient for comparison with plant-based drinks. It 
is however noteworthy that one sample of commercial almond drink was 
fortified with iron at levels of 5.3 mg/250 mL. 

A reduction in salt consumption is a current nutritional goal for the 
global population, according to WHO recommendations (World Health 
Organization, 2020). Plant foods usually present low amounts of sodium 
than animal products; however, many industrialized products, which 
include plant-based contain added salt as an ingredient, presumably for 
technological and sensorial reasons. All the drinks in this study declare 
salt in their nutrition labelling, as it is mandatory to state the amount of 
sodium as “salt” on the food label, even in the case of sodium naturally 
occurring in foods (European Union Regulation 1924/2006). The plant- 
based drinks studied declared an average amount of 0.2 g of salt/250 
mL, which makes a range of sodium of 24 to 150 mg of/250 mL 
(Table 2); this high variability is explained by the fact that in 45.2 % it 
was naturally present sodium, while in 116 drinks (64.8 %) salt was 
indicated as an added ingredient, (Table 3) in variable amounts. With 
the exception of tigernut drinks, salt was added to more than 50 % of the 
commercial plant drinks in all the categories, and 100 % of the com-
mercial coconut drinks. r. 

Given these results, it seems appropriate to raise the possibility of 
adding iodized salt, providing 60 ppm of iodine, in plant-based drinks.; 
according to the results of this study, would mean at maximum, 1.49 μg 
iodine/250 mL. The use of iodized salt in the regular diet should also be 
recommended for vegetarian/vegan toddlers (García-Ascaso, Ares- 
Segura & Ros-Pérez, 2018). Despite the possibility of introducing 
iodine through the addition of salt, this ingredient should be reduced to 
a minimum to avoid the excessive sodium intake in the diet, in early life. 

3.2. Influence of studied plant-based beverages on human health: Fatty 
acids profile, bioactive compounds, antinutrients, potentially toxic 
compounds and/or allergens. 

The health impact of foods comes not only from nutrients, but also 
from the effects of the different phytochemicals that provide health 
benefits, and from the negative effect of antinutrients, allergens or 
potentially toxic compounds, either naturally occurring or 
contaminants. 

3.2.1. Fatty acid profile and phytosterols in plant-based drinks 
Polyunsaturated and monounsaturated fatty (PUFAs and MUFAs, 

respectively), as well as phytosterols present in seeds and other plant 
foods may play a role in lowering total and LDL cholesterol and pre-
venting cardiovascular diseases (Marangoni & Poli, 2010); these effects 
are often associated with the consumption of almonds and soybeans, 
among other seeds. 

Almonds are rich in MUFAs and phytochemical components such as 
phytosterols and other antioxidants (Paul et al., 2019; Toro-Funes et al., 
2010). Paul et al. (2019) found values for MUFAs of around 31–35 g/ 
100 g, lower than other authors including Martínez-Padilla et al. (2020) 
and Manzoor et al. (2020) who reported 59.1 and 66.2 g/100 g 
respectively. However, all agree that oleic acid (18:2) is the main MUFA 
in almond seeds. An average value of 3.39 g of MUFAs/250 mL was 
found in the commercial almond drinks reviewed in this study, higher 
than any of the other plant-based drinks. Beta-sitosterol, campesterol 
and stigmasterol are predominant phytosterols found in almond drink. 
Aydar et al. (2020) pointed out that almond drink contain 174.7 mg/L of 
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these compounds vs 22.1 mg/L found by Toro-Funes et al. (2010), but 
both authors agree that beta sitosterol is the main phytosterol present. 

PUFAs are the principal fraction in soybeans, followed by MUFAs 
(Aydar et al., 2020; Chalupa-Krebzdak et al., 2018; Han et al., 2021; 
Martínez-Padilla et al., 2020; Serrano et al., 2017). According to these 
authors, linoleic acid represents about 55 % of total fatty acids in soy 
drinks, and is the main PUFA; linolenic acid is also noteworthy, and is 
present in significant amounts in soybeans (about 7 % of total fatty 
acids), compared to other seeds. Oleic acid is the main MUFA, repre-
senting about 22 % of total fatty acids. Soy drinks also contain inter-
esting levels of phytosterols. Toro-Funes et al. (2010) and Aydar et al. 
(2020) found 190.8 and 96.9 mg/L respectively in their studies and both 
show the main phytosterol present in coconut drink to be beta-sitosterol, 
with values of up to 94.1 mg/L (Toro-Funes et al., 2010). 

The fatty acid profile of hemp drinks shows some similarities to soy 
drinks, in this case, with a predominance of linoleic and linolenic (about 
56 and 16 % of total fatty acids) (Aydar et al., 2020; Martínez-Padilla 
et al., 2020). Chalupa-Krebzdak et al. (2018) reported a content of 0.4 g/ 
100 mL of n-3 fatty acids in hemp drink. Many seeds present interesting 
values of n-3 PUFAs; however, it should be noted that n-3 fatty acids of 
plant origin are not long chain PUFAs such as eicosapentaenoic (EPA) 
and docosahexaenoic (DHA) acids, which are the most important for 
visual function and development at different levels in early childhood. 
Toddlers must obtain these fatty acids from other suitable food sources, 
such as sea foods. As previously indicated, these fatty acids may also be 
obtained from seaweed; however, as mentioned earlier the evidence is 
not clear on the use of seaweed for the paediatric population and the 
possible presence of contaminants in seaweed should be taken into ac-
count (Desideri et al., 2016; Peñalver et al., 2020). Supplementation of 
plant-based drinks with EPA/DHA could therefore be considered for 
toddlers whose diet does not include fish, as a good alternative source of 
these important nutrients. 

In contrast, coconut drinks are the plant-based beverages with the 
highest SFA content (Aydar et al., 2020; Belewu and Belewu, 2007; 
Chalupa-Krebzdak et al., 2018; Martínez-Padilla et al., 2020; Paul et al., 
2019), with lauric acid (12:0) being a major SFA, as reported by authors 
such as Aydar et al. (2020) with values of 50 % of total fatty acids 
content. Although, this fact is traditionally associated with a lower 
health quality, coconut drinks contain medium chain triglycerides, for 
which a large body of scientific evidences supports a range of beneficial 
effects on HDL and LDL cholesterol, CVD/CHD risk, cognitive function 
body mass, waist circumference, insulin sensitivity, energy expenditure, 
and overall adiposity (Cardoso et al., 2015; Hewlings, 2020). 

Even though other plant-based drinks made from cereals like oat or 
rice have very low amount of fat, Martínez-Padilla et al. (2020) studied 
fatty acid profiles in oat drinks, and concluded they had a high PUFA 
content (43 % of total fatty acids) with a predominance of linoleic acid 
the major one. Other authors (Aydar et al., 2020) found similar results. 
The same authors obtained 28.76 mg/100 mL of beta sitosterol, lower 
than other plant-based beverages such as soy drinks. 

3.2.2. Fibre and phenolics as bioactive compounds in plant based drinks 
The fibre fraction has important bioactivities for the normal func-

tioning of the human body, particularly related to gut health. As 
mentioned previously, oat drinks are particularly worth highlighting 
due to their content of β-glucan at levels of 0.51 g/100 g (Önning et al., 
1999). This is a soluble and viscous fibre recognized for its importance 
for cardiovascular health since it reduces cardiovascular risk (Shen 
et al., 2016). The mechanism of action of β-glucan occurs in the space 
between the wall of the intestine and the lumen, which acts as a physical 
barrier to glucose and fat uptake in intestinal epithelial cells. The con-
sumption of oat beta-glucan is related to a reduction in the risk of dia-
betes and obesity, as it decreases the glycaemic response and the serum 
level of low-density lipoproteins (Abbasi et al., 2016). 

Other compounds of interest in plant-based drinks are phenolics, 
which act through different mechanisms as antioxidants in either the 

preservation of foods, or the body. Their physiological effects are related 
to the maintenance of oxidative equilibrium in the organism, which 
influence cardiovascular health, cell proliferation or immune function 
among others (Martins, Barros & Ferreira, 2016). This is a wide family of 
compounds, and their nature vary depending of the seed used as prime 
matter for the plant-based beverage. The isoflavons genistein, daidzein, 
and glycitein have been found in soy beverages (Aydar et al., 2020). 
Siqueira Silva et al. (2020) found that coconut drink presented values of 
phenolics of about around 7 mg GAE/L, higher than other products such 
as almond, soybean, rice or oat drink, comprising mainly flavonoids, 
isoflavones, phenolic acids and others. Manzoor et al. (2020) also re-
ported the presence of condensed tannin in almond drink. All these 
compounds have shown antioxidant activity, contributing to a better 
health status on the organism. 

3.2.3. Antinutrients in plant-based drinks 
In addition to the beneficial antioxidant properties of phenolics, 

some of them -as it is the case of tannins- may also have antinutritional 
potential, impairing the bioavailability of certains nutrients such as 
minerals and proteins. As previously mentioned, phytic acid and phy-
tates are present in cereals (such as oat) and nuts. This family of com-
pounds behaves as antinutrients, reducing iron, zinc and calcium 
bioavailability. To avoid this harmful effect, higher levels of minerals 
such as iron, zinc or calcium should be taken when a food with high 
phytates content is consumed regularly. 

Many seeds are rich in phytates; pulses may contain about 0.34–2.2 
g/100 g (dry matter); cereals, about 0.2–2.6 g/100 g (dry matter), and 
hemp has been reported to have 2.6–3.1 g/100 g (Alonso-Esteban et al., 
2022; Castro-Alba et al., 2019). The level of phytic acid in soy drinks 
reported by Burgos Luján and Tong (2015) was 1.41 mmol/L, higher 
than for other plant beverages such as oat drink; which limits mineral 
bioavailability. 

Saponins are glucosides that could be considered as antinutrients, 
because they impact the digestion of proteins, especially soy proteins, by 
creating insoluble saponin–protein complexes that are resistant to 
digestion. They may also exert some hemolytic activity, but on the other 
hand, nowadays these family of compounds have been regarded as 
beneficial suggesting positive effects on blood lipids and glucose. 
Different seeds such as soybean and oat present different saponins, 
although during technological process of some plant-based beverages 
(as it is the case of soy drink), the thermal treatment applied may reduce 
the content of these compounds (Barakat, Reim & Rohn, 2015; Francis 
et al., 2002; Potter et al., 1993). 

The previously mentioned compounds may be common to many 
types of plant-based drinks. However, some compounds with potential 
toxicity or allergenicity may be specific to, or specifically accumulated 
in certain species. Each individual type of drink in the study is discussed 
below, grouping the main health benefits and concerns that should be 
taken into account when using them as milk substitutes for toddlers. 

3.2.4. Almond drink 
This product has a long tradition of use in Spain for cases of milk 

dietary restriction. As previously indicated, almond drinks have high 
calcium content (although dependent on the amount of almonds present 
in the drinks, which is usually low, as mentioned previously). These 
drinks also have a healthy fatty acid and phytosterol profiles that make it 
a good choice for a better cardiovascular health. 

On the other hand, caution should b.e taken to detect cases of almond 
allergy. Amandin is a main protein responsible for the almond allergy. 
Devnani et al. (2020) and Dhakal et al. (2014) studied thermal and high- 
pressure treatments in almond drinks and they found that proteins, 
including amandin are lower after both treatments. However, other 
studies show the presence of other heat-stable allergens in almonds 
(Mandalari & Mackie, 2018), so almond-allergic toddlers should not 
ingest this type of drink. Many food allergies appear with the first 
exposure to the allergenic substance, so toddlers’ first exposure to 
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almonds or almond-derived foods should always be made in low 
amounts and under supervision, to confirm the tolerance of this nut. 

3.2.5. Coconut drink 
As mentioned above, coconut drink stands out by its SFA content, 

specially lauric acid, which is traditionally related with cardiovascular 
disorders, but currently, associated with beneficial effects on health. 
Some studies show the antimicrobial properties of the glycerides derived 
from lauric acid and other short chain fatty acids, such as monocaprin 
and monolaurin from coconut (Davidson, et al., 2020; Rouse, 2005). 

This drink has a great acceptance due to its sensorial properties, as it 
is creamy, with dense and homogeneous texture, and very good flavour 
and odour. Moreover, coconut drink extraction keeps antioxidant com-
ponents as tocopherols, tocotrienols and polyphenols, which are lost in 
coconut oil obtention (Navarro et al., 2007). From the author’s knowl-
edge, there are no references about antinutrients or toxic compounds in 
coconut drink. Only Azlin-Hasim et al. (2019) reported adulterations 
with water and carbohydrates and other authors reported arsenic 
contamination in coconut-rice drinks (Ruzik & Jakubowska, 2022). 

3.2.6. Hemp drink 
Data on the composition of hemp drinks are scarce, due to the nov-

elty of this product, although there are some recent studies on their 
protein quality and functional effects attributed to the aforementioned 
unsaturated lipid profile of hemp seeds; some studies have also been 
carried out on their on their prebiotic effects (Nissen et al., 2019; Nissen, 
di Carlo & Gianotti, 2020). 

Apart from their phytate content, the main health concern related to 
the consumption of hemp drinks by toddlers is the presence of canna-
binoids. Some of the literature describes the intoxication of children 
with various hemp food products (Richards et al., 2017), provoking 
symptoms such as lethargy or ataxy. However, although there have been 
several classifications of hemp varieties, cultivars devoted to food uses 
(Cannabis sativa subsp. sativa), usually present negligible or very low 
amounts of cannabinoids, in contrast to other varieties (C. sativa subsp. 
indica), that are richer in cannabinoids, and used in medicine or as a 
recreational drug (Barcaccia et al., 2020; Small, 2015). Cannabinoids 
are present in the flower trichomes but not in the seeds, so as hemp is the 
only part of the plant authorised by the EU for food uses, any cannabi-
noids detected in hemp foods must come from contamination by other 
parts of the plant, and will only be present at trace levels. This has been 
confirmed by the study of di Marco Pisciottano et al. (2021), who ana-
lysed cannabinoids in hemp drinks samples by LC-MS/MS and found 
levels below the analytical quantification limit (0.002 mg/L) and always 
lower than other hemp food products. 

3.2.7. Oat drink 
As mentioned above, this type of drink is notable for the presence of 

β-glucan soluble fibre and other specific bioactive compounds, such as 
avenacosides A and B in oat drinks; these are steroid glycosides (sapo-
nins) mainly characterized by their antimicrobial effects (Paul et al., 
2019; Yang et al., 2016). 

In regard to idiosyncratic adverse reactions to food components, 
coeliac toddlers should be cautious with the consumption of oat drink 
due to the presence of avenin protein (Malalgoda & Simsek, 2017). Only 
oat drinks “gluten-free” certified should be selected in these cases. 

3.2.8. Rice drink 
The main concern relating to the consumption of rice drinks is the 

possible presence of high levels of arsenic in the rice grains used to 
prepare them. Rice grains can accumulate arsenic from soil, rock and 
groundwater, in a tenfold concentration compared to other cereals 
(Davis et al., 2017); levels vary, depending on the genotype and growing 
conditions, and on the technological process applied (e.g., husked rice 
retains more inorganic arsenic as a part of the bran layer than white 
rice). Even though most rice samples fall within the maximum levels 

established by European regulations (European Union, 2015), major 
consumers of rice products could be at risk. Rice drinks have been re-
ported to contain mean values of inorganic arsenic between 4.8 and 34 
μg/kg (Guillod-Magnin et al., 2018). 

The scientific report of Arcella et al. (2021) pointed out that infants, 
toddlers and other children are the population groups with the highest 
levels of exposure levels to dietary inorganic arsenic, with the main 
contributors to this exposure, being rice and rice-based products, 
together with drinking water, among others. The study of Guillod- 
Magnin et al. (2018), analysed arsenic exposure via different rice-based 
products for toddlers in Switzerland, at different levels and consumption 
scenarios, and identified rice drinks as one of the main contributors to 
the arsenic intake of the toddlers in the group designed as “only con-
sumers” (including coeliac children, cows’ drink allergic, vegans or 
Asian ethnic group), as a specific group at higher risk of arsenic 
exposure. 

Rice-based beverages should therefore not be used solely as a milk 
substitute, but in combination with other drinks, either animal-derived 
or plant-based beverages made from grains others than rice, to avoid an 
excessive arsenic intake in this population group. 

3.2.9. Soy drink 
Soy drink is a good choice because of its lipid profile, with a higher 

amount of the n-3 linolenic acid, phytosterol and isoflavons content. 
This product may have the inconvenience of phytates acting as anti-
nutrients; but it has also the advantage of providing the highest amount 
and best quality of proteins of all the plant-based drinks, and is therefore 
probably one of the best options for its nutritional value and bioactive 
compounds. 

The only concern would be, the possibility of a soy allergy, mainly 
caused by major seed storage proteins such as 11S glycinin or 7S ß- 
conglycinin (Gly m 5), among others, which are associated with severe 
allergic reactions (Kern et al., 2019). Therefore, as in the case of almond 
drinks, it should only be used for toddlers that have shown a good 
tolerance of these seeds; and should be first introduced under supervi-
sion to detect any potential adverse reaction. 

3.2.10. Tigernut drink 
Most of the articles about tigernut products refer to “horchata”, the 

traditional Spanish tigernut drink. Valero-Vello et al. (2021) indicated 
that tigernut products offer large proportions of vitamins and minerals 
(such as vitamins C and E), lipids and oleic acid, which are beneficial for 
several functions in the human body, including cardiovascular health. 
Furthermore, the presence of vitamin E is significant as it is an important 
antioxidant for its ability to scavenge free radicals, which reduces the 
risk of cancer and prevents the progression of pre-cancerous lesions. 

The study by Sebastià et al. (2010) found aflatoxin A in tigernut 
drinks, as a contaminant that may be present in many seeds and other 
foods, and it is under the control of EU regulations. No other data have 
been found in the literature regarding the presence of mycotoxins in the 
other plant-based drinks studied. 

4. Conclusions 

None of the plant-based drinks in this study are ruminant milk sub-
stitutes since they are different food products with a different compo-
sition. However, the best option for a plant-based drink for vegetarian/ 
vegan children aged 1 to 3 years who do not consume ruminant milk, 
would be the regular consumption of at least 250 mL/day of fortified soy 
drink, always in the context of a carefully-balanced diet. This drink 
provides a higher content of better quality protein than the other drinks, 
and has a healthy fatty acid profile and phytosterols. Other good alter-
natives to use in combination or for soy-allergic toddlers are almond 
drinks (MUFAs), hemp drink (PUFAs) or oat drink (higher fibre content 
and presence of β-glucan soluble fibre). Coconut and tigernut drinks may 
be consumed occasionally, as well as rice drinks. 
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One selection criterion is to seek out a product with a high amount of 
the main ingredient, and a lower amount of other ingredients such as 
sugars, salt or additives. 

The key nutrients that should be sought as fortification in plant- 
based drinks are: vitamins A and B12; calcium (and phosphorus to a 
ratio close to one), zinc and iodine, as they represent the most significant 
nutritional differences with ruminant milk; vitamin D, as well as DHA 
and EPA would also be desirable for vegetarian/vegan toddlers since it is 
not provided in sufficient quantities by other foods in their diet. Of these, 
Ca and vitamins A, B12, and D, are readily found in this type of foods; 63 
% commercial soy drinks in Spain are calcium-fortified, and between 20 
and 34 % are fortified in these three vitamins. In contrast, there are no 
commercial plant-based drinks on the Spanish market fortified with 
iodine and/or zinc. A good strategy for the industry would be to fortify 
plant-based drinks with iodine and zinc in order to improve the nutri-
tional value of products aimed at vegetarians/vegans. 

In regard to overall nutritional recommendations, the situation of 
vegetarian/vegan toddlers varies widely depending on their food re-
striction. As plant-based drinks provide high amounts of phytates and 
tannins, which act as antinutrients, an increased intake of zinc, iron and 
calcium in their diet is advised, either through fortification of plant- 
based drinks, or obtained from other food sources (whole grains, nuts, 
vegetables); and/or food supplements. Iodine supplements are recom-
mended in the case of fish restriction since plant-based drinks are not 
usually fortified with this nutrient. 
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Montero-Jiménez: Conceptualization, Methodology, Investigation, 
Writing – original draft, Writing – review & editing. P. García-Herrera: 
Conceptualization, Methodology, Validation, Investigation, Writing – 
original draft, Writing – review & editing. M.C. Sánchez-Mata: 
Conceptualization, Methodology, Validation, Data curation, Writing – 
review & editing, Supervision. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

This work has been funded by ALIMNOVA UCM research group 
951505 (“Fundación Sabor y Salud”-UCM, ref. GRFN17-21). 

References 

Abbasi, N. N., Purslow, P. P., Tosh, S. M., & Bakovic, M. (2016). Oat β-glucan depresses 
SGLT1- and GLUT2-mediated glucose transport in intestinal epithelial cells (IEC-6). 
Nutrition Research, 36(6), 541–552. https://doi.org/10.1016/j.nutres.2016.02.004 

Agnoli, C., Baroni, L., Bertini, I., Ciapellano, S., Fabbri, A., Papa, M., et al. (2017). 
Position paper on vegetarian diets from the working group of the Italian Society of 
Human Nutrition. Nutrition, metabolism, and cardiovascular diseases. NMCD, 27(12), 
1037–1052. https://doi.org/10.1016/j.numecd.2017.10.020 

Alonso-Esteban, J. I., Torija-Isasa, M. E., & de Cortes Sánchez-Mata, M. (2022). Mineral 
elements and related antinutrients, in whole and hulled hemp (Cannabis sativa L.) 
seeds. Journal of Food Composition and Analysis, 109, Article 104516. https://doi. 
org/10.1016/j.jfca.2022.104516 
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173–175. https://doi.org/10.1016/j.arcped.2020.03.010 

Potter, S. M., Jimenez Flores, R., Pollack, J. A., Lone, T. A., & Berber Jimenez, M. D. 
(1993). Protein saponin interaction and its influence on blood-lipids. Journal of 
agricultural and food chemistry, 41(8), 1287–1291. https://doi.org/10.1021/ 
jf00032a023 

Prosser, C. G. (2021). Compositional and functional characteristics of goat milk and 
relevance as a base for infant formula. Journal of Food Science, 86(2), 257–265. 
https://doi.org/10.1111/1750-3841.15574 

Protudjer, J. L. P., & Mikkelsen, A. (2020). Veganism and paediatric food allergy: Two 
increasingly prevalent dietary issues that are challenging when co-occurring. BMC 
Pediatrics, 20, 341. https://doi.org/10.1186/s12887-020-02236-0 
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D. Escobar-Sáez et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.foodchem.2020.128898
https://www.fao.org/infoods/infoods/tablas-y-bases-de-datos/es/
https://doi.org/10.1002/jsfa.6179
https://doi.org/10.1002/jsfa.6179
https://doi.org/10.1097/MPG.0000000000001733
https://doi.org/10.1097/MPG.0000000000001733
https://doi.org/10.3390/nu11051051
https://doi.org/10.1079/BJN2002725
https://doi.org/10.1079/BJN2002725
https://doi.org/10.1017/jns.2019.2
https://doi.org/10.1016/j.endinu.2018.05.011
https://doi.org/10.1016/j.endinu.2018.05.011
https://doi.org/10.1007/s00726-018-2640-5
https://doi.org/10.1007/s00726-018-2640-5
https://doi.org/10.1080/19440049.2018.1440641
https://doi.org/10.1080/19440049.2018.1440641
https://doi.org/10.1080/19476337.2021.1893824
https://doi.org/10.1080/19476337.2021.1893824
https://doi.org/10.1093/ajcn/71.5.1166
https://doi.org/10.1093/ajcn/71.5.1166
https://doi.org/10.3390/jcdd7040059
https://doi.org/10.1021/jf102636b
https://doi.org/10.15252/emmm.202013492
https://doi.org/10.15252/emmm.202013492
https://doi.org/10.3390/nu12010055
https://doi.org/10.3390/nu12010055
https://doi.org/10.3390/nu9080848
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0275
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0275
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0275
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0275
https://doi.org/10.1111/cea.13285
https://doi.org/10.1111/cea.13285
https://doi.org/10.1017/S002966512100001X
https://doi.org/10.1017/S002966512100001X
https://doi.org/10.1016/j.jff.2019.103728
https://doi.org/10.1080/10408398.2019.1651248
https://doi.org/10.1080/10408398.2019.1651248
https://doi.org/10.1016/j.foodhyd.2016.09.024
https://doi.org/10.3390/nu10111706
https://doi.org/10.3390/nu10111706
https://doi.org/10.1111/jfpp.14541
https://doi.org/10.1111/jfpp.14541
https://doi.org/10.1016/j.phrs.2010.01.001
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0320
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0320
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0320
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0320
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0320
https://doi.org/10.3390/foods9121784
https://doi.org/10.3390/foods9121784
https://doi.org/10.1016/j.tifs.2015.11.008
https://doi.org/10.1016/j.tifs.2015.11.008
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0340
http://refhub.elsevier.com/S0963-9969(22)00704-9/h0340
https://doi.org/10.1111/1541-4337.12505
https://doi.org/10.1111/1541-4337.12505
https://doi.org/10.1097/MPG.0000000000002881
https://doi.org/10.1097/MPG.0000000000002881
https://doi.org/10.1093/jn/nxy292
https://doi.org/10.1093/jn/nxy292
https://doi.org/10.1159/000503348
https://doi.org/10.1080/10408398.2019.1674243
https://doi.org/10.1080/10408398.2019.1674243
https://doi.org/10.1038/ejcn.2017.111
https://doi.org/10.1038/ejcn.2017.111
https://doi.org/10.3390/md18060301
https://doi.org/10.1016/j.arcped.2020.03.010
https://doi.org/10.1021/jf00032a023
https://doi.org/10.1021/jf00032a023
https://doi.org/10.1111/1750-3841.15574
https://doi.org/10.1186/s12887-020-02236-0
https://doi.org/10.1016/j.anpedi.2019.10.013


Food Research International 160 (2022) 111646

13

Richards, M. D., Smith, M. S., & Moulin, M. D. (2017). Unintentional Cannabis Ingestion 
in Children: A Systematic Review. The Journal of Pediatrics, 190, 142–152. https:// 
doi.org/10.1016/j.jpeds.2017.07.005 

Richter, M., Boeing, H., Grünewald-Funk, D., Heseker, H., Kroke, A., Leschik-Bonnet, E., 
et al. (2016). Vegan diet for the German Nutrition Society (DGE). Position of the 
German Nutrition Society (DGE) Ernahrungs. Umschau, 63(05), 262. https://doi.org/ 
10.4455/eu.2016.021 

Rosenfeld, D. L., & Burrow, A. L. (2017). Vegetarian on purpose: Understanding the 
motivations of plant-based dieters. Appetite, 1(116), 456–463. https://doi.org/ 
10.1016/j.appet.2017.05.039 

Rouse, M., Rotger, M., Piper, K., Steckelberg, J., Scholz, M., Andrews, J., et al. (2005). In 
vitro and in vivo evaluations of the activities of lauric acid monoester formulations 
against Staphylococcus aureus. Antimicrobial agents and Chemoterapy, 49, 
3187–3191. https://doi.org/10.1128/AAC.49.8.3187-3191 

Rudloff, S., Bührer, C., Jochum, F., Kauth, T., Kersting, M., Körner, A., et al. (2019). 
Vegetarian diets in childhood and adolescence: Position paper of the nutrition 
committee, German Society for Paediatric and Adolescent Medicine (DGKJ). 
Molecular and Cellular Pediatrics, 6(1), 4. https://doi.org/10.1186/s40348-019-0091- 
z 

Ruzik, L., & Jakubowska, M. (2022). Speciation of Arsenic (III) and Arsenic (V) in Plant- 
Based Drinks. Foods, 11(10), 1441. https://doi.org/10.3390/foods11101441 

Salazar Quero, J. C., Espín Jaime, B., Valverde Fernández, J., Cárdeno Martín, A., & 
Rodríguez Martínes, A. (2018). Actualización en fórmulas infantiles basadas en leche 
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Salvador, A. M., García-Maldonado, E., Gallego-Narbón, A., Zapatera, B., & 
Vaquero, M. P. (2019). Fatty acid profile and cardiometabolic markers in relation 
with diet type and omega-3 supplementation in Spanish vegetarians. Nutrients, 11 
(7), 1659. https://doi.org/10.3390/nu11071659 

Schiano, A. N., Harwood, W. S., Gerard, P. D., & Drake, M. A. (2020). Consumer 
perception of the sustainability of dairy products and plant-based dairy alternatives. 
Journal of Dairy Science, 103(12), 11228–11243. https://doi.org/10.3168/jds.2020- 
18406 

Schlegel, P., & Gutzwiller, A. (2017). Effect of dietary calcium level and source on 
mineral utilisation by piglets fed diets containing exogenous phytase. Journal of 
Animal Physiology and Animal Nutrition, 101(5), 165–174. https://doi.org/10.1111/ 
jpn.12582 

Scholz-Ahrens, KE, Ahrens, F. & Barth, CA Atributos nutricionales y de salud de la leche y 
las imitaciones de la leche. Eur J Nutr 59, 19–34.https://doi.org/10.1007/s00394- 
019-01936-3. 

Schürmann, S., Kersting, M., & Alexy, U. (2017). Vegetarian diets in children: A 
systematic review. European Journal of Nutrition, 56(5), 1797–1817. https://doi.org/ 
10.1007/s00394-017-1416-0 
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Toro-Funes, N., Bosch-Fusté, J., Veciana-Nogués, M. T., & Vidal-Carou, M. C. (2010). 
Influence of Ultra-high-Pressure Homogenization Treatment on the Phytosterols, 
Tocopherols, and Polyamines of Almond Beverage. Journal of Agricultural and Food 
Chemistry, 62(39), 9539–9543. https://doi.org/10.1021/jf503324f 
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