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ABSTRACT

Plant beverages began to be used widely in the US in the 1970s, and their
popularity has continued to grow. The growth of plant-based beverages
has been driven by factors such as increased awareness of lactose
intolerance, the rise of veganism, sustainability concerns, and innovations in
taste. The nutrient density of beverages was not a significant factor in the
decision to switch fo plant-based beverages. This review compares skim milk
to plant beverage alternatives due to a closer calorie comparison and
examines their nutritional differences, highlighting their benefits and
limitations. The protein content of most plant beverages is significantly lower
than that of dairy milk. Skim milk provides approximately 3.3 grams of
protein per 100 grams, making it a significant source of high-quality protein
that contains all essential amino acids.

On the other hand, plant beverages, while lower in protein content, offer a
promising environmental advantage. Almond beverages contain 0.5 grams
to 3.2 grams of protein per 100 grams, depending on the type of soy used.
The Digestible Indispensable Amino Acid Score (DIAAS) for almond
beverages scores 40 compared to 100 for dairy milk. The mineral content
of plant beverages is generally lower than that of milk, except for calcium,
which is often fortified to meet or exceed the levels found in dairy milk. The
glycemic index of dairy milk is also low at 37 compared to plant beverages,
ranging from 49 to 97. Studies show that producing one liter of dairy milk
emits approximately 3.2 kg CO,-equivalent, compared to 0.9 kg for soy
beverages. In conclusion, dairy milk's nutrient density per dollar spent is
superior to plant-based alternatives. Research must continue for plant
beverages to bring them up to the standard of milk yet they currently
provide environmental advantages and a hopeful outlook for the future of
sustainable nutrition.
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Introduction

Milk and its plant-based alternatives are integral tfo
many diets in the United States, offering different
nutritional benefits. Plant-based beverages are non-
dairy alternatives made from plant sources and are often
designed to mimic dairy milk in terms of appearance,
mouthfeel, and functionality. This review compares skim
milk to plant beverage alternatives, focusing on a closer
calorie comparison. Soy beverages gained widespread
use in the US in the 1970s and continued to grow in
popularity through the 1990s.” Almond beverages
overtook soy beverages in popularity in the early 2010s
due to its mild taste, lower calorie content, and heavy
marketing from brands like Silk and Almond Breeze.2 By

2017, almond beverages accounted for about 66% of
the U.S. plant-based beverage market.? The late 2010s
saw a significant surge in oat beverages' popularity, led
by brands such as Oatly. Oat beverage sales grew by
over 300% in 2019 alone.2 The growth of plant
beverages was driven by factors such as lactose
intolerance awareness, veganism, sustainability concerns,
and innovation in taste and texture. Still, the nutrient
density of the beverages was not a significant purchase
factor.4 By the 2020s, plant beverages became
mainstream, with nearly every major grocery store and
coffee shop offering multiple plant beverage options.?
The main plant beverages discussed in this paper are soy,
oat, almond, and coconut. Both almond (1.5) and oat (.61)
have passed soy beverage (.22) in sales, figure 1.6
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Figure 1 ¢: Total dollars spent in billions on dairy and plant beverages in the US for 2024

The United States Department of Agriculture's (USDA)
2020-2025 Dietary Guidelines,® nutrients of concern for
Americans for underconsumption are calcium, potassium,
vitamin D, and fiber. Dairy milk is an excellent source of
calcium, vitamin D, and potassium, making it a convenient,
whole-food source of these nutrients to increase
consumption. Skim dairy milk also provides over 10% of
the daily requirement for nine nutrients: protein, calcium,
potassium, phosphorus, vitamin D, B12, niacin, riboflavin,
and pantothenic acid. This review examines the nutritional
differences between skim dairy milk and non-dairy plant
beverages, highlighting their benefits and limitations and
focusing on nutrients of concern for Americans.

Materials and methods

The researchers surveyed the refrigerated sections of 2
grocery stores in southern Texas. Products surveyed
included non-flavored plant beverages and dairy milk.
Google Scholar was used to conduct a nonsystematic
literature review through December 2024. Searches
utilized the following descriptors: milk, plant beverages,
digestibility, glycemic index, vitamin D, nutrition, calcium,

protein, price, carbohydrates, environmental impact, and
market growth.

Nutritional Comparison

PROTEIN CONTENT

Skim dairy milk provides approximately 3.3 grams of
protein per 100 grams, making it a significant source of
high-quality, complete protein. In contrast, many plant
beverages have lower protein content. For instance,
almond beverages contain about 0.5 grams of protein
per 100 grams, while oat beverages offer around 0.9
grams per 100 grams. Soy beverages are an exception
among plant beverages, providing approximately 3.2
grams of protein per 100 grams, which closely matches
that of skim dairy milk.” In addition to being lower in
quantity, plant alternatives are also lower in protein
quality. The Digestible Indispensable Amino Acid Score
(DIAAS) measures protein quality that considers the
protein's amino acid profile and digestibility. The almond
beverage is of inferior quality, with a low DIASS score of
40 compared to 100 for dairy milk and less than one-
quarter of the protein content of milk.8
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Comparison of the DIASS values for milk and plant beverages?

Dairy milk Soy Pea

Oat Almond Chia

DIASS 100-120 91 64

57 40 Moderate

Table #1: The Digestible Indispensable Amino Acid Score (DIAAS) for dairy milk and plant beverages.

Soy is the only plant beverage close to dairy milk in
protein content. It is the only plant beverage allowed in
the School Lunch Program and the Women Infants and

Children (WIC) programs as an acceptable substitute for
dairy milk for children who cannot tolerate it.
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Figure 2 9: The total grams of essential and non-essential amino acids in plant beverages

With a simple overview of each beverage's essential and
non-essential amino acids (Fig. 2), almond beverages
have less than 25% of the protein content in dairy milk.
In comparison, coconut and rice beverages have less than
10% of the protein in dairy milk. Therefore, the
percentage of protein in plant beverages is lower than in
milk, and the protein quality is much less complete.

Major mineral content in dairy milk and plant beverages

Considering the low protein content of plant alternatives,
the cost to consume the Recommended Daily Intake (RDI)
for protein varies greatly: $3.77 for dairy milk, $28.36
for almond, $35.77 for coconut, $26.47 for oats, and
$6.15 for soy.4 Dairy milk has more protein of better
quality and is far less expensive than plant beverages.

Mineral content of milk and milk alternates in mg/cup 4
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Figure 3: Major mineral content of milk and plant beverages '°

Figure 3 shows that dairy milk naturally contains about
120 milligrams of calcium per 100 grams, which is well
absorbed by the body. Most plant beverages are
fortified with calcium to match or exceed the levels found
in dairy milk. However, the bioavailability of calcium in
fortified plant beverages can vary, and some studies
suggest that the body may not absorb all of the added
calcium as efficiently as it does from dairy milk.’° The
calcium in fortified soy and almond beverages may not
be absorbed as readily as from milk due to the phytates
and oxalates in plant beverages, which can inhibit

calcium bioavailability.!! If the carton is not shaken well
before serving, the calcium can precipitate out of the
solution and remain on the bottom of the carton.
Bioavailability also varies by type of calcium; tricalcium
phosphate has a lower bioavailability, while calcium
carbonate can have a similar bioavailability to the
calcium naturally present in dairy milk.'2 For potassium,
only soy comes close to dairy milk content. Regarding
magnesium content, rice and soy are comparable to dairy
milk, while almond, coconut, and oat beverages contain
less than half the magnesium of dairy milk.1°

© 2025 European Society of Medicine 3



Microminerals and Vitamin D>

[65]

S

w

N

[ERN

0 ||

Milk Almond Coconut

M Selenium Zinc Riboflavin

Oat

Rice

Soy

Vitamin D

Figure 4: Micro mineral and Vitamin D content of milk and plant beverages'©

All beverages are fortified with similar amounts of
vitamin D. Milk, rice, and soy have similar levels of
selenium; the other three have little to none. Milk and oat
have similar zinc levels; the other four have less than half.
Milk, oat, rice, and soy have similar levels of riboflavin,
while almond and coconut have none.'® Compared to the
alternatives, none has the nutritional density of milk. Milk
contains vitamin B12, whereas plant beverages do not;
however, they are generally fortified to match the B12
content found in milk.

FAT CONTENT AND HEART HEALTH

Since the 1960s, there has been a recommendation to
reduce full-fat dairy products because they were thought
to contribute to heart disease. In the 1960s, Ancel Keys
promoted the theory that dietary fat, particularly
saturated fat and cholesterol, were central to the
etiology of heart disease. He cited his seven-country
study to prove his point. The validity of his study has been
questioned, as there were 22 countries at the time, and
he selected the seven that proved his point.’3 When all
22 countries were included, fat was not associated with
heart disease.’ The 2015-2020 Dietary Guidelines for
Americans eliminated total dietary fat and cholesterol as
potential risk factors for heart disease.’s Although
saturated fat is still considered a risk factor for heart
disease, several studies have assessed the role of
saturated fat consumed in the context of dairy foods, and
they don't appear to be atherogenic when consumed as
a component of dairy products. One research team found
that full-fat dairy did not affect cardiometabolic disease

Beverages glycemic index'6

markers. "Despite these caveats, currently, full-fat dairy
foods milk, yogurt, and cheese are nutrient-rich and may
be consumed without producing adverse effects on the
risk of heart disease."'¢ Therefore, full-fat dairy doesn't
present a risk for heart disease and can be consumed
freely.

Skim dairy milk is a low-fat option containing less than
0.5 grams of fat per 100 grams. Plant beverages vary
in fat content. Almond beverages typically have about 1
gram of fat per 100 grams, primarily heart-healthy
unsaturated fats. Oat beverages contain around 1.5
grams of fat per 100 grams and also provide beta-
glucans, which have been shown to support heart health.?

CARBOHYDRATES AND SUGAR CONTENT

Oat beverages are higher in carbohydrates, with about
6.7 grams per 100 grams. Skim dairy milk contains
approximately five grams of natural lactose per 100
grams. Almond drinks are lower in carbohydrates,
typically around 0.3 grams per 100 grams. The type of
beverage chosen for its low carbohydrate content is
essential for those following a low-carbohydrate or low
glycemic index (Gl) diet. Dairy milk is the only beverage
that has a low glycemic index. Soy beverages can have
a low glycemic index, almond and oat beverages are
medium, and rice and coconut are high. Milk's low Gl
lactose sugar makes it a low glycemic index product. The
plant alternates have a variety of sugars, including
maltose, sucrose, dextrose, and glucose if they have
added sugars.

ltem Glycemic index Ranking

Dairy Milk 39 Low

Skim Dairy milk 37 Low

Soy beverage 49-61 Low - Medium
Almond beverage 49-58 Low - Medium
Coconut beverage 97 High

Oat beverage 59 Medium

Rice beverage 97 High

Table #2 shows the glycemic index of milk and plant beverages
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DIGESTIBILITY

Dairy milk contains lactose, which can be problematic for
individuals with lactose intolerance. Plant beverages, such
as almond and oat, offer lactose-free alternatives.
However, consider nut allergies with almond beverages
or gluten sensitivity with certain oat beverages.
Considering the less-than-optimal nutrient density of plant
beverages, a better option for lactose-intolerant
individuals is lactose-free dairy milk. It still contains all the
milk’s nutrients, but the added lactase enzyme breaks
down the lactose into its component monosaccharides,
glucose, and galactose.? Unlike dairy milk, plant
beverages contain dietary fiber but are not a good
source as defined by the FDA. The food must contain 2.8
grams per serving to be a good source. Oat beverages
contain approximately 0.8 grams of dietary fiber per
100 grams, almond 0.36, coconut 0.45, rice 0.09, and
soy 0.72 grams per 100 grams of beverage.”

ENVIRONMENTAL IMPACT

Dairy milk production has a significant environmental
footprint. It requires more land, water, and feed
resources than plant beverages while generating higher
greenhouse gas (GHG) emissions. Studies show that
producing one liter of dairy milk emits approximately 3.2
kg CO,-equivalent, compared to 0.9 kg for soy
beverages and 0.4 kilograms for oat beverages.'® Dairy
farming is also associated with high water usage—628
liters per liter of milk, compared to 28 liters for soy
beverages and 48 liters for oat beverages. 1°

Plant beverages have a lower environmental impact,
though variations exist. Almond drinks, for example,
require significant water resources (up to 371 liters per
liter), while rice beverages produce high methane
emissions from paddy fields.2 Plant beverages are more
sustainable than dairy milk but less nutrient-dense.

However, before switching to plant alternatives to protect
the environment, consider that dairy herds and products
account for only 3-4% of the total greenhouse gases
(GHG) produced globally. The largest producers of total
GHG are electricity and heat (34%), transportation
(15%), Industry (24%), and agriculture, forestry, and
land (22%). Fossil fuels should be phased out for heating,
cooling, and lighting homes, with a shift to solar and wind
energy. Additionally, consider switching to electric
vehicles for travel and ensuring that all purchases take
into account the environmental impact during production.
If people want to add variety to their diet, they can
choose plant beverages carefully to get the most nutrient-
dense options.2! When considering the environment, it is
essential to consider what we get when producing
greenhouse gas emissions. Remember that dairy is a
whole food with minimal processing that provides a
nutrient-dense, good source of nine nutrients, as
determined by the FDA. Plant beverages range from
moderately to highly processed depending on the
number and type of additives, thickeners, emulsifiers,
artificial flavors, sweeteners, and oils.

Although overall milk production has increased by over
400% in the 53 years from 1970 to 2023, across all
environmental metrics studied, intensities expressed per
unit of fat and protein-corrected milk (FPCM) produced

decreased from 25% to 75%. Totals from all dairy farms
in the United States increased in NH3, CH4, and reactive
non-CH4 VOC emissions. Total GHG emissions related to
dairy farms have increased by just 14% with the 400%
increase in production, while total fossil energy use has
shown slight change, and nutrient losses to ground and
surface waters have shown substantial improvements.22

The US dairy industry has been actively reducing its
carbon footprint for many years. The Innovation Center
for US Dairy launched the Net Zero Initiative (NZI) in
2021. The dairy industry has pledged to reach carbon
neutrality by 2050.23

MARKET GROWTH

Over the past several decades, the United States has
experienced a notable decline in dairy milk consumption,
accompanied by a significant increase in the consumption
of plant beverage alternatives. Per capita consumption
of fluid cow's milk has been steadily decreasing. In 1975,
the average American consumed approximately 1.25
cups of milk daily; by 2022, this had reduced by 47% to
about 0.67 cups per day. This decreasing trend
accelerated after 2010, with per capita availability
declining at an average annual rate of nearly 2.5%
between 2010 and 2017. Factors contributing to this
decline include increased awareness of lactose
intolerance and environmental concerns associated with
dairy farming.24

Conversely, plant beverages have gained substantial
popularity. Between 2013 and 2017, household
purchases of almond, soy, and other plant beverages
increased by 36%, from 0.028 to 0.038 gallons per
week.25

In 2025, almond beverages led the market, accounting
for 74% of plant beverage sales; from 2018 to 2019,
oat beverages increased by nearly 700%. Drivers of this
growth include perceived health benefits, dietary
preferences such as veganism, and the lower
environmental impact of plant beverages compared to
dairy.# While plant beverages offer environmental
advantages, their nutritional profiles can differ from
dairy milk. It often requires fortification to reach the
nutrient levels in milk, but even with fortification, it doesn't
restore all the lost nutrients. In summary, shifting consumer
preferences, health considerations, and environmental
awareness have collectively contributed to the decline in
dairy milk consumption and the rise in plant beverage
alternatives in the United States.2¢ If the health benefits
of dairy milk were more widely known those consumers
seeking health might change the current trajectory of
beverage consumption.

Conclusion

Dairy milk's nutrient density per dollar spent is superior
to that of plant alternatives, while the plant alternatives
offer more sustainable options with lower environmental
footprints. Fortification makes plant-based alternatives
more similar to dairy milk, particularly in terms of calcium
and protein content. Future research should aim to
optimize  plant-based  formulations to  enhance
bioavailability, nutrient absorption, and overall health
benefits.
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Skim dairy milk remains the only nutritionally dense
option, particularly in terms of protein, potassium, and
zinc content. Skim milk alone provides nine essential
nutrients, over 10% of the daily value per serving. Plant-
based beverages offer lower nutrient density but have
several benefits. Oat beverage provides more
carbohydrates and fiber, while almond beverage is
lower in calories. Choosing the best option depends on

© 2025 European Society of Medicine

individual health goals, dietary restrictions, and
nutritional priorities. It's essential to read labels carefully,
especially regarding fortification and added sugars, to
ensure consumers get what they expect. It isn't just the
flavored plant beverages but the plain beverages also
contain added sugar. Milk is the best nutrient-dense
beverage for at-risk populations, the elderly, growing
children, and pregnant women.
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