
Vol.:(0123456789)1 3

Current Environmental Health Reports (2023) 10:291–302 
https://doi.org/10.1007/s40572-023-00400-z

Dairy and Plant‑Based Milks: Implications for Nutrition and Planetary 
Health

Rebecca Ramsing1,2   · Raychel Santo1,2   · Brent F. Kim1,2 · Daphene Altema‑Johnson1,2 · Alyssa Wooden1,2 · 
Kenjin B. Chang1,3 · Richard D. Semba1,4 · David C. Love1,2

Accepted: 26 April 2023 / Published online: 10 June 2023 
© The Author(s) 2023

Abstract
Purpose of Review  Dairy milk products are dominant in the market; however, plant-based milks are gaining prominence 
among USA consumers. Many questions remain about how plant-based milk products compare to dairy milk from a nutrition, 
public health, and planetary health perspective. Here, we compare the retail sales, nutrient profiles, and known health and 
environmental impacts of the production and consumption of dairy and plant-based milks and identify knowledge gaps for 
future studies. For our plant-based milk comparisons, we reviewed almond, soy, oat, coconut, rice, pea, cashew, and other 
plant-based milks as data were available.
Recent Findings  The retail unit price of plant-based milks was generally higher than that of cow’s milk, making it less 
accessible to lower-income groups. Many plant-based milks are fortified to match the micronutrient profile of dairy milk 
more closely. Notable differences remained, especially in protein, zinc, and potassium, depending on the base ingredient 
and individual product. Some plant-based milks contain added sugar to improve flavor. Plant-based milks were generally 
associated with lower environmental impacts (e.g., greenhouse gas emissions, water use) than cow’s milk, with the notable 
exception of the higher water footprint of almond milk.
Summary  This review of recent studies and consumer purchases confirmed that retail sales of plant-based milks are increas-
ing and shifting among products. Further research is needed to better characterize the environmental impacts of newer 
plant-based milks, such as cashew, hemp, and pea milks; consumer attitudes and behavior towards plant-based milks; and 
the safety and potential health effects related to their long-term and more frequent consumption.
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Introduction

Consumption of dairy (foods containing or made from ani-
mal milk) in the USA has shifted over the past few decades, 
with important implications for both human nutrition and 

planetary health. Fluid milk makes up the largest component 
of dairy consumption by weight; however, consumer demand 
has declined since the mid-1940s, with the largest relative 
decrease over the last decade [1]. This drop is accompanied 
by a growing demand for cheese and yogurt and a rapid 
increase in the demand for plant-based alternatives—often 
referred to as plant-based milks, cheeses, yogurts, and but-
ters, typically made from soy, nuts, legumes, seeds, and 
grains [2]. The shift in dairy consumption has been attrib-
uted to changing demographics, food environments, con-
sumer preferences, and labeling policies [3]. Plant-based 
milk sales volume increased 20% in 2020, with annual rev-
enue growth twice the rate of dairy milk [4•]. Plant-based 
milks now make up 15% of retail dollar sales of milk, and an 
estimated 40% of households purchased plant-based milks 
in 2020 [4•]. As the US dairy alternative market continues 
to expand, diversify, and grow, there is a growing interest 
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in the impacts that these changing consumer behaviors will 
have on the quality and nutritional content of individuals’ 
diets and the associated environmental impacts.

Approach

The focus of this paper is dairy (cow) and plant-based milk 
consumption in the USA. We conducted a non-systematic 
review of the literature published from 2015 to 2022 using 
PubMed. We searched for articles pertaining to health and 
environmental impacts of dairy and plant-based milks (dairy 
alternatives) as well as market and consumer trends for these 
products.

We collected data on nutritional properties of dairy and 
non-flavored plant-based milks using the Food and Nutri-
ent Database for Dietary Studies for 2017 to 2018 [5] and 
retail price data for liquid milk and plant-based milks from 
Nielsen (eXtended All Outlet Combined, xAOC, product, 
New York, NY) for years 2017 to 2019 using methods 
described previously [6, 7]. Retail outlet types included in 
this dataset were grocery market, chain supermarket, big box 
and club stores, Walmart, and military commissary.

We compiled literature on the greenhouse gas emissions 
(GHGe) and water use associated with the production of 
cow’s and plant-based milks. For GHGe, wherever possible, 
we standardized the scope of supply chain stages to span 
farm to processor gate, including packaging. Some studies 
included relatively small GHGe contributions from post-
processor gate activities that we could not disaggregate. 
For water use, scope and metrics varied widely, so rather 
than attempting to standardize across studies, we compared 
plant-based milks to cow’s milk within each study. See the 
Supplementary Information for more details on the search 
strategy and metric standardization for GHGe and water 
use analysis.

Background on Plant‑Based Milks in the USA

Plant-based or non-dairy alternatives are designed to mimic 
the texture and qualities of dairy products, most often milk 
but also cheese, yogurt, ice cream, and butter. Though liquid 
dairy alternatives have traditionally been labeled as milks, 
such as soymilk or rice milk, more recently there has been 
legal debate regarding the use of these terms, with some 
industry stakeholders calling for the Food and Drug Admin-
istration to reserve the term “milk” solely for liquid secreted 
from animals [2].

Plant-based milks made from soy, rice, and coconut have 
been consumed and used in recipes for centuries but did not 
become widely available to American consumers until the 
early twentieth century [8]. Soymilk was first manufactured 

in the USA in 1917, where it was used largely as a sub-
stitute for cow’s milk in infant formula [9]. A 1995 study 
later found that consumption of soy protein was associated 
with a decrease in total cholesterol, LDL cholesterol and 
triglycerides [10], prompting more widespread consump-
tion. In 1996, WhiteWave Foods started marketing soymilk 
in the refrigerated aisle alongside regular dairy milk. Sales 
increased throughout the late 1990s and early 2000s but 
slowed when new research suggested that soy may be an 
endocrine disruptor, due to its isoflavone molecules bearing 
a structural similarity to estrogen [9]. Subsequent research 
has concluded that consumption of soy does not cause any 
long-term harmful effects, though the American Academy 
of Pediatrics recommend against the exclusive use of soy 
formula for infants in most cases [11]. In 2008, the same 
year soymilk sales peaked, almond milk was first sold in 
refrigerated cartons by Blue Diamond [12]. A growing inter-
est in veganism and plant-based eating resulted in a contin-
ued interest in almond milk. Almond milk sales overtook 
soymilk in 2014, and almond milk is currently the highest-
selling plant-based milk in the USA [13]. A variety of milks 
derived from other plants have entered the market in recent 
decades, such as oat milk, which was first sold in the USA by 
Pacific Foods in 1996. The Swedish company Oatly, which 
entered the US market in 2016, is responsible for the dra-
matic growth of oat milk over the past few years due to a 
strategic marketing campaign [14]. Sales have more than 
doubled since 2017 and surpassed soymilk in 2021 but are 
still well behind almond milk [13]. Other products intro-
duced in recent decades include cashew, hemp and pea milk, 
and those that combine multiple plants into one milk.

The timeline below (Fig. 1) describes the major shifts in 
the US plant-based milk market over the past century.

Consumer Motivations for Shifts in Dairy 
Consumption

Digestibility and lactose intolerance, or the malabsorption 
of the lactase enzyme, are primary reasons given by con-
sumers for the uptake of plant-based milks [15]. Estimates 
of the prevalence of lactose intolerance vary depending on 
the assessment method used, but the overall prevalence is 
believed to be close to two-thirds (68%) of the global popu-
lation (> 10 years of age) [16]. In the USA, an estimated 
36% of people have lactose intolerance with higher preva-
lence among African Americans, American Indians, Asian 
Americans, and Hispanic/Latinos [17]. A smaller percentage 
of children (0.5 to 3% at age 1 year) have an allergy to cow’s 
milk, though this is often outgrown later in life [18].

Perceived healthfulness is another common reason for 
choosing dairy alternatives [19••, 20]. Plant-based milks are 
typically lower in saturated fat and cholesterol than full-fat 
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cow’s milk. Some studies have suggested that consuming 
cow’s milk is associated with cancer and all-cause mortal-
ity, but recent meta-analyses do not support this, especially 
with moderate dairy intake [21, 22]. Other concerns include 
exposure to contaminants in cow’s milk (i.e., hormones, pes-
ticide residues, mycotoxins, metals, and antibiotics), par-
ticularly in conventionally produced milk [23]. Though not 
well established, dairy has also been associated with acne 
and dermatological problems [24].

Interest in sustainability as well as concern for the envi-
ronment and animal welfare increasingly motivate consum-
ers to purchase plant-based milks [15, 20, 25]. In a recent 
survey, 77% of consumers of dairy and plant-based milks 
agreed sustainability is important for the greater good. On 
the survey, purchasers of plant-based milks rated the impor-
tance of sustainability in the highest category, though many 
consumers demonstrated difficulty describing the contribut-
ing factors to sustainability [25, 26]. According to a 2022 

survey by First Insight, Inc., Gen Z consumers are more will-
ing to adjust their purchases and even pay more for products 
they perceive to be more sustainable, which has potential to 
further disrupt the market for plant-based milks [27].

Retail Sales of Dairy and Plant‑Based Milks

Nationally, dairy milk products have significantly higher 
sales volume and revenue than their plant-based counter-
parts (Table 1). On a volume basis, cow’s milk and plant-
based milks made up 87% and 8% of total annual milk sales, 
respectively. By annual sales revenue, dairy milk sales were 
$24.9 B, compared to $2.2 B for plant-based milks. During 
our study period (2017–2019), dairy milk sales decreased 
by an average of $456 million/year, while the sale of alter-
native milks increased by an average of $123 million/year 
(Table S1).

Fig. 1   Timeline of plant-based 
milks in the USA

Table 1   Sales of dairy and plant-based milks, Nielsen average of 2017–2019

Category Annual quantity sold (mil-
lion units)

% of category (units 
sold)

Annual sales (million 
dollars)

Unit price 
(dollars/
unit)

Total dairy milk products 26,577 100.0 24,867 2.73
  Cow’s milk 25,067 94.3 21,626 2.64
  Lactose reduced/free milk 1,144 4.3 2,297 3.93
  Egg nog 138 0.5 357 2.70
  Buttermilk 169 0.6 287 2.18
  Remaining milk 58 0.2 299 2.71

Total plant-based milks (dairy alternatives) 2,139 100.0 2,221 3.17
  Almond milk 1,587 74.2 1,251 3.18
  Soymilk 265 12.4 432 3.15
  Coconut milk 100 4.7 195 2.81
  Oat milk 22 1.0 54 3.17
  Rice milk 42 2.0 80 3.29
  Remaining plant-based milk 123 5.8 207 3.53
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Among dairy milks, cow’s milk (specifically, whole, low 
fat, and nonfat milks) accounted for 94% of units sold, fol-
lowed by lactose-reduced milks (4%), with remaining milks 
(egg nog, buttermilk, powdered, and flavored milks) making 
up less than 2% (Table 1, Table S2). The largest contributor 
to the decreases observed in the sales of dairy milk sales 
was the reduction in the sale of cow’s milk, which, on aver-
age, decreased by $691 million/year between 2017 and 2019. 
This aggregate reduction in dairy milk sales was partially 
offset by consistent increases ($217 million/year, on average) 
in the sale of lactose-reduced milk within this same period.

Among plant-based milks (Table 1, Table S2), almond 
and soymilk accounted for 74% and 12% of all annual units 
sold, respectively. Plant-based milk sales increased each year, 
driven predominantly by almond milk sales ($105 million/
year). Soymilk sales decreased by an average of $49.8 mil-
lion/year and oat milk sales increased by $63.5 million/year. 
From 2018 to 2019, oat milk sales increased by nearly 700%.

The unit price of plant milks was on average 20% higher 
than dairy milk, excluding lactose-free and other subcatego-
ries of milk. Lactose-free milk is the most expensive of the 
dairy milk categories—on average, it cost more than any of 
the plant-based milk alternatives represented in the Nielsen 
purchasing data and 150% that of dairy milk.

Health Impacts of Dairy and Plant‑Based 
Milks

Regular consumption of dairy appears to confer important 
health benefits for children and is beneficial or neutral for 
adults. Dairy is considered a good source for three of five 
nutrients of concern identified in the 2020–2025 US Dietary 
Guidelines: calcium, potassium, and vitamin D [28, 29]. 
The benefits most often associated with dairy consumption 
include decreased risk of fractures and improved bone min-
eral density [8], possibly associated with calcium, phospho-
rous, vitamin D, and protein. While there does not appear to 
be a clear relationship between dairy milk intake and frac-
tures, a tendency toward lower rates of osteoporosis and hip 
fractures with moderate dairy intake has been observed [30]. 
Vitamin K in fermented dairy products may help bind cal-
cium to bone proteins, enabling mineralization. One meta-
analysis found an 18% reduction only in vertebral fractures 
with higher dairy intake, though greater effects were seen 
with yogurt and cheese compared to milk [31]. Furthermore, 
dietary patterns that incorporate dairy along with vegetables 
and fruit and lower red meat, such as the Mediterranean diet, 
have also been positively associated with bone health [32, 
33, 34•].

For risk of cardiovascular disease (CVD) and type 2 
diabetes, studies have shown neutral or slightly favorable 
associations for various forms of dairy intake in USA and 
European contexts [35–37]. In a prospective cohort study 
across 21 countries, higher intake of dairy was associated 
with reduced risk of CVD and stroke, especially for lower 
dairy-consuming countries [38]. Yogurt and fermented milk 
specifically may play a particularly beneficial role due to 
favorable effects on immunity, inflammation, diarrhea pre-
vention, and cardiovascular risk factors in clinical trials, pos-
sibly through modifying the gut microbiota [39].

Some discussion exists as to whether low-fat dairy prod-
ucts confer any benefit over whole-fat dairy, primarily con-
cerning saturated fat content [35]. Recent findings actually 
demonstrate a somewhat lower disease risk (CVD, diabe-
tes) with higher fat dairy consumption, particularly with 
fermented milk, yogurt, and cheeses [40]. These benefits 
may be more closely related to the complex matrices of 
dairy protein structures, the presence of probiotics, or the 
type of saturated fat, with a greater proportion of short- and 
medium-chain fatty acids and less palmitic and stearic acids 
than other animal proteins [41••]. There is some evidence 
that fermented dairy products offer further benefits that 
may alleviate the detrimental impact of higher saturated 
fat content [42].

In children and adolescents, milk plays a vital role as a 
source of protein, micronutrients, fatty acids, and growth 
factors important for growth and development. Studies con-
sistently demonstrate benefits of milk and other animal-
source food consumption for children’s growth, cognitive 
performance, and nutrition status. Dairy consumption is 
significantly associated with height and weight gain and 
bone mineral density in children [43, 44]. One study calcu-
lated the cost of certain nutrients of concern by food group. 
Milk and dairy products were the least expensive source 
of calcium and vitamin D and the second least expensive 
source of magnesium, potassium, and vitamin A [45].

On the other hand, healthy plant-based diets—diets with 
little or no animal products—are associated with lower risk 
of diabetes, CVD, some cancers, and healthier weights 
(body mass index) in adults [46]. Emerging research on 
the role of the microbiota may shed light on the potential 
for plant-based diets to modulate inflammatory markers 
and affect bone remodeling pathways, thus protecting bone 
health over the long term [47]. Some plant milks contain 
bioactive compounds, for example, isoflavones and phytos-
terols in soymilk, or antinutritional factors, such as phytates 
for oat milk [48•] but whether there are health effects of 
these substances for plant-based milk consumers is not well 
known [49].
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Although calcium is obtained largely through the intake 
of dairy products in the USA, with planning and a balanced 
diet, adequate levels of calcium can be obtained from plant-
based foods, including dairy alternatives and other foods that 
are fortified with calcium and vitamin D. Clinical studies 
on plant-based diets and bone health are sparse, and rand-
omized control trials and experimental studies are even rarer. 
Some small studies found higher bone turnover with plant-
based diets that were also lower in calcium and vitamin D 
[50•, 51]. A recent review of evidence concluded that plant-
based diets are not harmful to adult bone health if calcium 
and vitamin D intake are adequate [52].

Nutrient Differences Between Dairy 
and Plant‑Based Milks

As mentioned above, dairy milk is a good source of pro-
tein, calcium, and many important micronutrients. The 
nutrition quality and taste of plant-based milks vary greatly 
[53]. As with dairy milk, plant-based milks are often forti-
fied with vitamins D and A. Additionally, many plant-based 
products are also fortified with calcium, vitamin B12, and 
other micronutrients to better match the nutritional content 
of dairy milk. The overall protein, fat, and nutrient profile 
depend on the base ingredient. Fat content varies across both 
dairy and plant-based milks. Many plant-based milks, such 
as almond and cashew milk, are much lower in protein and 
other important nutrients for growth and wellness, such as 
zinc, potassium, and magnesium (Table 2). Additionally, 
plant-based milks often contain added sugars, flavors, or 

ingredients to improve taste and texture, thus affecting the 
overall health profile.

Figure 2 presents the average retail price ($/unit) of dairy 
and plant-based milks compared to their average nutrient 
value [28, 45]. Cow’s milk has a lower unit cost and higher 
nutrient value for protein as well as most micronutrients in 
the analysis, including choline, phosphorus, potassium, pro-
tein, riboflavin, and zinc. Almond and rice milk have the 
highest unit cost and lower values for protein. Oat milk is a 
more affordable source of zinc and riboflavin but is lower in 
protein, calcium, and potassium. While almonds are natu-
rally rich in calcium, most almond beverage products are 
fortified with additional calcium. Notably, lactose-free milk 
has a similar nutrient profile as dairy milk, yet its unit cost 
is significantly higher across all nutrients.

Environmental Impacts of Dairy 
and Plant‑Based Milks

Dairy production is resource-intensive in terms of fresh 
water and land use and has an outsized contribution to 
global GHGe compared to producing plant-based foods 
[55, 56•, 57]. The rapid intensification and consolidation 
of dairy farms, particularly since the 1990s in the USA, 
has increased the efficiency of production, requiring less 
land and releasing fewer GHGe to produce the same out-
put of milk [58]. However, intensification is associated 
with numerous other ecological, public health, and ani-
mal welfare concerns, including runoff and contamination 
of drinking water[58], antimicrobial resistance [59], and 

Table 2   Average nutrients in dairy and plant-based milks. [54]
Source: US Department of Agriculture, Agricultural Research Service (2019)

** meets 20% Daily Value, * meets 10% Daily Value, ND = no data available
We excluded plant milks that were sweetened, flavored, (e.g., vanilla, chocolate), or made from a blend of base ingredients. Dairy and soy milks 
reflect average of whole, low fat and fat-free products. Nutrient data for multiple products of the same milk type was averaged when standard 
reference not available; see Supplemental See Table S3 for absolute values

Item, 240 mL  
(n, products)

Protein  
(g)

Calcium 
(mg)

Magnesium 
(mg)

Phosphorus 
(mg)

Potassium 
(mg)

Selenium 
(mcg)

Zinc  
(mg)

Choline 
(mg)

Riboflavin 
(mg)

Vitamin D  
(mcg)

Daily Value 50 1,300 420 1,250 4,700 55 11 550 1.3 20

Dairy milk 8.2* 309** 29 252** 387 4.8 1.1 44 0.33** 2.7*
Dairy milk,  

lactose free
8.2* 309** 29 252** 387 4.8 1.1 44 0.33** 2.7*

Almond milk 1.0 449** 15 22 163 0.2 0.1 8 0.02 2.4*
Cashew milk (2) 1.8 116 ND ND 69 ND ND ND ND 0.0
Coconut milk 0.5 459** 0 0 46 0.0 0.0 0 0.00 2.4*
Hemp milk (3) 2.3 204* 54* 199* 101 ND 0.6 ND 0.42** 2.5*
Oat milk (16) 2.7 248* ND 170* 184 ND 1.0 ND 0.55** 2.3*
Pea milk (2) 7.5* 385** 0 ND 421 ND ND ND ND 2.5*
Rice milk 0.7 288** 27 137* 66 5.4 0.3 5 0.35** 2.4*
Soy milk 6.1* 294** 33 176* 280 5.2 0.5 44 0.45** 2.7*
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decreased biodiversity [58]. On the other hand, extensively 
grazing ruminant animals such as dairy cattle offers some 
benefits, such as creating human-edible protein from graz-
ing land and fodder that would otherwise be unable to feed 
humans directly [60, 61] and biodiversity conservation in 
certain landscapes [62, 63].

Summaries of GHGe [64–67, 68••, 69–78] and water use 
[66, 67, 68••, 71, 72, 75, 77, 79] comparing plant-based 
milks to cow’s milk, compiled from life cycle assessment 
studies, are shown in Fig. 3 and Table 3 (see Table S4 for 

study details). Median per-liter GHGe (Fig. 3) associated 
with soy, oat, almond, spelt, pea, and coconut milks were 
62–78% lower than that associated with cow’s milk. Among 
plant milks, rice was the most GHGe-intensive, although this 
is based on only one study.

For comparative purposes, estimates shown in Fig.  3 
were standardized, where possible, to span farm-to-proces-
sor gate GHGe. Emissions from post-processor gate activi-
ties (e.g., retail) were generally relatively small [64, 67, 71, 
76], with the exception of one study [78]. This study found 

Fig. 2   Average retail price ($/units) of milk and plant milks and their 
associated nutrient levels (per 100 g). Dot size represents the number 
of units sold at retail. Food and Nutrient Database for Dietary Studies 

for years 2017 to 2018 and retail price data for liquid milk and dairy 
alternatives from Nielsen 2017 to 2019. “Other milk” is goat milk
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retail-related GHGe associated with refrigerated varieties of 
soy and almond milks to be an order of magnitude larger than 
those reported by other studies due to assumptions that these 
products have slower turnover than cow’s milk in stores and 
would require 3 to 5 days more refrigeration (hence more 
embodied energy than cow’s milk at retail). Further research 
is needed to clarify these substantial differences in retail-
related emissions, especially given that the increasing popu-
larity of plant-based milks may influence estimates about 
inventory turnover.

Comparing water use associated with producing plant-
based milks is complicated by the wide range of metrics 
used in the literature. Studies in our review measured blue 
water footprint (WF), i.e., freshwater withdrawals from 
ground and surface sources lost to evaporation or incorpo-
rated into the product, such as for irrigation [66, 68••, 75, 
79]; total WF, a combined measure of blue, green (rain-
water available to plants), and grey (polluted) water [77, 
79]; and water withdrawals, which include all freshwater 
drawn from a source regardless of whether it returns to the 
watershed after use [71]. Some studies also weighted water 
use by the level of scarcity in the region from where it was 
withdrawn, for example, withdrawals from a water-scarce 
region such as California were weighted more heavily [67, 
68••, 72, 77, 80].

Across different water use metrics, per unit water use was 
often highest for almond milk, particularly when scarcity 
weighted or measured on a protein basis (Table 3). With 
a few exceptions, other plant-based milks were less water-
intensive to produce than cow’s milk.

Other environmental impacts were less well represented 
in the literature. Geburt et al. [68••] found that oat milk 
scored as well as or better than both organic and conven-
tional cow’s milk in all 12 of the environmental impacts 
examined, including land use, acidification and eutrophica-
tion potentials, ecotoxicity, and ecosystem damage. Soymilk 
scored similarly or better than cow’s milk for most of the 
same metrics [68••]. As demonstrated by variations in water 
use and scarcity, many of these environmental impacts are 
specific to the regions where animals, feed crops, and plant-
based milk raw materials are produced. Individual studies 
often represent production in a specific region and thus may 
not be generalizable. Further research is needed to examine 
additional environmental impacts for other plant-based milks 
(e.g., pea, coconut, cashew), especially more peer-reviewed 
studies that assess multiple environmental impacts and dairy 
alternatives at once using the same methods, as encouraged 
by Röös et al. [81•].

Conclusion

Retail sales of plant-based milks are increasing and shift-
ing among product forms (e.g., almond milk overtaking 
soymilk), although plant-based milks still represent a small 
percentage of total US milk sales (Table 1). An incremen-
tal shift toward more plant-based milks could reduce food-
related GHGe and, in most cases, lower water footprints. 
Different plant-based milks also vary greatly in their nutri-
tional properties, and the potential long-term health impli-
cations of switching from dairy to plant-based milks are 
not well-studied.

Nutritional consequences of the recent shifts in dairy con-
sumption are difficult to fully evaluate. Most plant-based 
milks cannot completely replace the nutritional quality of 
cow’s milk [48•, 82]. Generally, a complete shift from dairy 
to plant-based milk would result in lower intakes of protein, 
phosphorous, and choline, as well as vitamin B12 and cal-
cium, if the plant-based products are not fortified. Shifting 
within plant-based milk products would also have nutritional 
impacts. For example, pea milk could provide seven grams 
more protein per serving than almond milk.

More research is needed to assess the safety and nutri-
tional value of using milk alternatives for growing children, 
as their nutrient requirements differ from adults. There is 
a potential risk of deficiencies of calcium, zinc, iodine, 
riboflavin, vitamin B12, and some essential amino acids 

Fig. 3   Greenhouse gas emissions (kg CO2e/L milk) associated with 
dairy and plant-based milks. Points represent single studies with 
a horizontal line at the median for each milk type. In cases where a 
single study reported multiple estimates (e.g., refrigerated and shelf 
stable; conventional and organic) for a given milk type, we aver-
aged them to avoid over-representing results from those studies. See 
Tables S5–S7
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in young children who are fed exclusively non-dairy milks 
[82]. Currently, the American Academy of Pediatrics recog-
nizes only soy-based formulas or milks as safe and healthy 
for under 24 months of age, but there are many different 
plant-based products available for parents to choose. Accu-
rately describing the differences between cow and plant-
based milks will better prepare nutritionists, doctors, and 
public health officials to educate consumers who face many 
choices in the grocery store but little in the way of objective 
information.

Along with nutrient differences, there are environmental 
trade-offs related to particular milk types. While almond 
milk production results in less than half of the GHGe 
compared to a liter of cow’s milk, its water footprint can 
be substantially higher, especially if comparing almond 
milk produced in California to cow’s milk produced in a 
less water-scarce region. The more recent growth of oat 
milk is promising for lower GHGe and water footprints, 

but the protein content falls short of both soy and cow’s 
milk. Pea milk, though not yet widely available in markets, 
has lower GHGe and water footprints than dairy and most 
plant-based milks, and it provides a similar amount of pro-
tein as dairy milk.

To guide consumer purchasing and better inform policy 
makers, more research is needed to understand demographic 
and social characteristics, nutritional status, and intentions 
behind purchases of populations choosing to abstain from 
dairy milk, whether they are based on lactose intolerance, 
health or environmental concerns, advertising claims, price, 
preference, or other. Additionally, it would be useful to know 
what types of plant-based milks or other beverages they are 
substituting, if any. The decline in dairy milk sales is not 
explained in entirety by the growth in plant-based milk sales 
[3]. There is some thought that the increased availability of 
sweetened beverages across food environments is related to 
this decline, but the evidence is lacking [83].

Table 3   Water use for plant-based milks, relative to dairy milk

-100% 100%0%

No data

Scarcity
weighted Study Metric

Almond Oat
Rice

Soy
Pea

Coconut

Ercin et al. (2012) Blue WF -88%

Feraldi et al. (2012)a Blue WF -25% -70% -96%

Geburt et al. (2022)b Blue WF -60% -59% -69%

Winans et al. (2020)a Blue WF 42%

Geburt et al. (2022)b Blue WF, protein basis 178% 184% -64%

Ercin et al. (2012) Total WF -72%

Poore & Nemecek (2018) Water withdrawals -41% -92% -57% -96%

Florén et al. (2013)c Blue WF 789%

Florén et al. (2013)d Blue WF -40%

Geburt et al. (2022)b Blue WF 1,144% -47% -60%

Reinhardt et al. (2020) Blue WF -85% 50%

Buchan et al. (2022) Total WF 9% -81% -86% -99%

Buchan et al. (2022) Total WF, protein basis 565% -51% -94% -95%

No

Yes

% Difference rela�ve to dairy milk 

Percentages represent the magnitude of plant-based milk water use relative to dairy milk, e.g., in Ercin et al. [79], the estimated blue water foot-
print of soymilk was 88% lower than that of cow’s milk. Shading indicates whether plant milk water use was higher (orange) or lower (blue) 
compared to cow’s milk. Comparisons are made on a volume basis (e.g., per liter of milk) unless indicated otherwise (e.g., per gram of protein). 
See Supplemental Tables S8–S9 for absolute values
a Study did not include cow’s milk, so we compared plant milk(s) to the weighted global average cow’s milk estimate from Mekonnen and Hoek-
stra (2010)
b Average of conventional UHT, organic UHT, conventional non-UHT, and organic non-UHT cow’s milk; average of conventional and organic 
soymilk
c Cow’s milk from Sweden, oat milk from Germany
d Cow’s milk from Sweden, oat milk from Sweden
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Different purchasing patterns for dairy and plant-based 
milks impact affordability especially for financially constrained 
households. Many plant-based milks are significantly more 
expensive than dairy; however, for those with lactose intol-
erance, they may be more affordable than lactose-free milk, 
which may cost 50% more than milk. Yet, choosing oat or 
almond instead of lactose-free milk would provide 70 or 87% 
less protein, respectively. Manufacturers and policymakers can 
promote efforts to make nutritious, sustainable lactose-free and 
plant-based milks more affordable and available to consumers 
and develop standards for fortification to ensure plant-based 
milks are more similar nutritionally to cow’s milk.

This review reveals the need for more research in the inter-
national context as well. Are the findings of this study similar or 
different to consumption habits in Europe and other high-income 
nations? Have these new food products and trends influenced 
lower- and middle-income countries, particularly in Africa and 
Asia?

Finally, health professionals, environmentalists, economists, 
and those working toward a more healthy and sustainable food 
system should closely follow the rapidly changing market and 
consumer preferences for plant-based milks. As the market 
evolves, it is important to promote affordable products with 
adequate protein and micronutrients to maintain nutritional 
adequacy as well as those with lower ecological footprints.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40572-​023-​00400-z.

Acknowledgements  Dr. Kate Clancy advised the team and helped 
frame the paper. Figure 1 image credit: Michael Milli, Johns Hopkins 
Center for a Livable Future.

Funding  This work was supported with a gift from the Greater Kansas 
City Community Foundation.

Data Availability  Data described in the manuscript are available in 
Supplementary Data Tables S1  through S9; analytic code will be 
made available upon request

Declarations 

Conflict of Interest  The authors declare no competing interests.

Human and Animal Rights and Informed Consent  This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

	 1.	 Stewart H, Kuchler F, Dong D, Cessna J. Examining the decline 
in U.S. Per capita consumption of fluid cow’s milk, 2003–18. 
U.S. Department of Agriculture Economic Research Service; 
2022. Retrieved from https://​www.​ers.​usda.​gov/​webdo​cs/​publi​
catio​ns/​102447/​err-​300.​pdf?v=​9125. Accessed 27 Oct 2022.

	 2.	 Mylan J, Morris C, Beech E, Geels FW. Rage against the regime: 
niche-regime interactions in the societal embedding of plant-
based milk. Environ Innov Soc Trans. 2019;31:233–47.

	 3.	 Stewart H, Kuchler F, Cessna J, Hahn W. Are plant-based ana-
logues replacing cow’s milk in the American diet? J Agric Appl 
Econ. 2020;52(4):562–79.

	 4.•	 Gaan K. 2020 State of the industry report - plant-based meat, eggs, 
and dairy. The Good Food Institute; 2021. Retrieved from: https://​
gfi.​org/​blog/​state-​of-​the-​indus​try-​2020/. Accessed 27 Oct 2022

	 5.	 U.S. Department of Agriculture ARS. USDA Food and Nutri-
ent Database for Dietary Studies 2017–2018. Food Surveys 
Research. 2020. Retrieved from https://​www.​ars.​usda.​gov/​nea/​
bhnrc/​fsrg. Accessed 27 Oct.

	 6.	 Semba RD, Rahman N, Du S, Ramsing R, Sullivan V, Nuss-
baumer E, Love D, Bloem MW. Patterns of legume pur-
chases and consumption in the United States. Front Nutr. 
2021;8:732237. https://​doi.​org/​10.​3389/​fnut.​2021.​732237.

	 7.	 Love DC, Asche F, Young R, Nussbaumer EM, Anderson JL, 
Botta R, et al. An Overview of retail sales of seafood in the USA, 
2017–2019. Revi Fisheries Sci Aquaculture. 2022;30(2):259–70.

	 8.	 William Shurtleff AA. History of soymilk and other non-dairy 
milks (1226-2013): including infant formulas, calf milk replac-
ers, soy creamers, soy shakes, soy smoothies, almond milk, 
coconut milk, peanut milk, rice milk, sesame milk, etc. Soyinfo 
Center. 2013. Retrieved from: https://​books.​google.​com/​books?​
id=​MyJPw​d72zh​gC. Accessed 27 Oct 2022

	 9.	 Berenstein N. A History of soy milk 2019 [July 21, 2022]. Avail-
able from: https://​www.​serio​useats.​com/a-​brief-​histo​ry-​of-​soy-​
milk-​the-​future-​food-​of-​yeste​rday

	10.	 Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis 
of the effects of soy protein intake on serum lipids. N Engl J 
Med. 1995;333(5):276–82.

	11.	 Patisaul HB. Endocrine disruption by dietary phyto-oestrogens: 
impact on dimorphic sexual systems and behaviours. Proc Nutr 
Soc. 2017;76(2):130-44

	12.	 Harnish ADT. Why you're so obsessed with almond milk: an 
investigation 2018 [Available from: https://​www.​refin​ery29.​com/​
en-​us/​almond-​milk.

	13.	 Poinski M. Oat milk surges to second most popular in plant-
based dairy: food dive; 2020 [Available from: https://​www.​foodd​
ive.​com/​news/​oat-​milk-​surges-​to-​second-​most-​popul​ar-​in-​plant-​
based-​dairy/​586010/.

	14.	 Sugar R. Oatly and the quest for the perfect alt-milk 2019 [Avail-
able from: https://​www.​vox.​com/​the-​goods/​2019/8/​14/​20804​
045/​oatly-​oat-​milk-​alter​native-​soy-​almond-​lacto​se-​intol​erant

	15.	 Haas R, Schnepps A, Pichler A, Meixner O. Cow milk versus 
plant-based milk substitutes: a comparison of product image 

https://doi.org/10.1007/s40572-023-00400-z
http://creativecommons.org/licenses/by/4.0/
https://www.ers.usda.gov/webdocs/publications/102447/err-300.pdf?v=9125
https://www.ers.usda.gov/webdocs/publications/102447/err-300.pdf?v=9125
https://gfi.org/blog/state-of-the-industry-2020/
https://gfi.org/blog/state-of-the-industry-2020/
https://www.ars.usda.gov/nea/bhnrc/fsrg
https://www.ars.usda.gov/nea/bhnrc/fsrg
https://doi.org/10.3389/fnut.2021.732237
https://books.google.com/books?id=MyJPwd72zhgC
https://books.google.com/books?id=MyJPwd72zhgC
https://www.seriouseats.com/a-brief-history-of-soy-milk-the-future-food-of-yesterday
https://www.seriouseats.com/a-brief-history-of-soy-milk-the-future-food-of-yesterday
https://www.refinery29.com/en-us/almond-milk
https://www.refinery29.com/en-us/almond-milk
https://www.fooddive.com/news/oat-milk-surges-to-second-most-popular-in-plant-based-dairy/586010/
https://www.fooddive.com/news/oat-milk-surges-to-second-most-popular-in-plant-based-dairy/586010/
https://www.fooddive.com/news/oat-milk-surges-to-second-most-popular-in-plant-based-dairy/586010/
https://www.vox.com/the-goods/2019/8/14/20804045/oatly-oat-milk-alternative-soy-almond-lactose-intolerant
https://www.vox.com/the-goods/2019/8/14/20804045/oatly-oat-milk-alternative-soy-almond-lactose-intolerant


300	 Current Environmental Health Reports (2023) 10:291–302

1 3

and motivational structure of consumption. Sustainability. 
2019;11(18):5046.

	16.	 Storhaug CL, Fosse SK, Fadnes LT. Country, regional, and 
global estimates for lactose malabsorption in adults: a system-
atic review and meta-analysis. Lancet Gastroenterol Hepatol. 
2017;2(10):738–46.

	17.	 Foster R. Definition & facts for lactose intolerance 2018 [Avail-
able from: https://​www.​niddk.​nih.​gov/​health-​infor​mation/​diges​
tive-​disea​ses/​lacto​se-​intol​erance/​defin​ition-​facts.

	18.	 Gupta RS, Springston EE, Warrier MR, Smith B, Kumar R, 
Pongracic J, et al. The prevalence, severity, and distribution 
of childhood food allergy in the United States. Pediatrics. 
2011;128(1):e9-17.

	19.••	Paul AA, Kumar S, Kumar V, Sharma R. Milk analog: plant 
based alternatives to conventional milk, production, potential 
and health concerns. Crit Rev Food Sci Nutr. 2020;60(18):3005–
23. Comprehensive review of the recent innovations, chal-
lenges, and trends in the production of milk analogs, as well 
as the nutrition quality and environmental implications.

	20.	 Boaitey A, Minegishi K. Determinants of household choice of 
dairy and plant-based milk alternatives: evidence from a field 
survey. J Food Prod Mark. 2020;26(9):639–53.

	21.	 Lu W, Chen H, Niu Y, Wu H, Xia D, Wu Y. Dairy products 
intake and cancer mortality risk: a meta-analysis of 11 popula-
tion-based cohort studies. Nutr J. 2016;15(1):91.

	22	 Cavero-Redondo I, Alvarez-Bueno C, Sotos-Prieto M, Gil A, 
Martinez-Vizcaino V, Ruiz JR. Milk and dairy product consump-
tion and risk of mortality: an overview of systematic reviews and 
meta-analyses. Adv Nutr. 2019;10(suppl_2):S97-s104.

	23.	 Welsh JA, Braun H, Brown N, Um C, Ehret K, Figueroa J, et al. 
Production-related contaminants (pesticides, antibiotics and hor-
mones) in organic and conventionally produced milk samples 
sold in the USA. Public Health Nutr. 2019;22(16):2972–80.

	24.	 Baldwin H, Tan J. Effects of diet on acne and its response to 
treatment. Am J Clin Dermatol. 2021;22(1):55–65.

	25.	 Schiano AN, Harwood WS, Gerard PD, Drake MA. Consumer 
perception of the sustainability of dairy products and plant-based 
dairy alternatives. J Dairy Sci. 2020;103(12):11228–43.

	26.	 McCarthy KS, Parker M, Ameerally A, Drake SL, Drake MA. 
Drivers of choice for fluid milk versus plant-based alterna-
tives: what are consumer perceptions of fluid milk? J Dairy Sci. 
2017;100(8):6125–38.

	27.	 Jezerc G. The State of consumer spending: gen Z shoppers 
demand sustainable retail: first insight; 2020 [11/02/2022]. 
Available from: https://​www.​first​insig​ht.​com/​press-​relea​ses/​
first-​insig​ht-​finds-​expec​tatio​ns-​for-​susta​inable-​retail-​pract​ices-​
growi​ng-​with-​the-​rise-​of-​gen-z-​shopp​ers.

	28.	 Food sources of select nutrients: dietary guidelines for Ameri-
cans; [Available from: https://​www.​dieta​rygui​delin​es.​gov/​resou​
rces/​2020-​2025-​dieta​ry-​guide​lines-​online-​mater​ials/​food-​sourc​
es-​select-​nutri​ents

	29.	 Liebe DL, Hall MB, White RR. Contributions of dairy products 
to environmental impacts and nutritional supplies from United 
States agriculture. J Dairy Sci. 2020;103(11):10867–81.

	30.	 Malmir H, Larijani B, Esmaillzadeh A. Consumption of milk 
and dairy products and risk of osteoporosis and hip fracture: a 
systematic review and Meta-analysis. Crit Rev Food Sci Nutr. 
2020;60(10):1722–37.

	31	 Matía-Martín P, Torrego-Ellacuría M, Larrad-Sainz A, Fernán-
dez-Pérez C, Cuesta-Triana F, Rubio-Herrera M. Effects of milk 
and dairy products on the prevention of osteoporosis and osteo-
porotic fractures in europeans and non-Hispanic Whites from 
North America: a systematic review and updated meta-analysis. 
Adv Nutr. 2019;10(suppl_2):S120-s43.

	32.	 Malmir H, Saneei P, Larijani B, Esmaillzadeh A. Adherence to 
Mediterranean diet in relation to bone mineral density and risk 
of fracture: a systematic review and meta-analysis of observa-
tional studies. Eur J Nutr. 2018;57(6):2147–60.

	33.	 Jennings A, Mulligan AA, Khaw K-T, Luben RN, Welch AA. A 
Mediterranean diet is positively associated with bone and muscle 
health in a Non-Mediterranean region in 25,450 men and women 
from EPIC-Norfolk. Nutrients. 2020;12(4):1154. https://​doi.​org/​
10.​3390/​nu120​41154

	34.•	 Rizzoli R, Biver E, Brennan-Speranza TC. Nutritional intake 
and bone health. Lancet Diabetes Endocrinol. 2021;9(9):606–
21. This comprehensive review of overall nutritional intake 
and bone health looked at dietary patterns as well as specific 
nutrients and concluded that dairy’s beneficial role is likely 
related to overall dietary patterns, such as the Mediterranean 
diet that include adequate protein, fruits, and vegetables.

	35.	 Guo J, Astrup A, Lovegrove JA, Gijsbers L, Givens DI, 
Soedamah-Muthu SS. Milk and dairy consumption and risk of 
cardiovascular diseases and all-cause mortality: dose-response 
meta-analysis of prospective cohort studies. Eur J Epidemiol. 
2017;32(4):269–87.

	36.	 Chen M, Sun Q, Giovannucci E, Mozaffarian D, Manson JE, Willett 
WC, et al. Dairy consumption and risk of type 2 diabetes: 3 cohorts 
of US adults and an updated meta-analysis. BMC Med. 2014;12:215.

	37.	 Drouin-Chartier JP, Brassard D, Tessier-Grenier M, Côté JA, 
Labonté M, Desroches S, et al. Systematic review of the associa-
tion between dairy product consumption and risk of cardiovas-
cular-related clinical outcomes. Adv Nutr. 2016;7(6):1026–40.

	38.	 Dehghan M, Mente A, Rangarajan S, Sheridan P, Mohan V, Iqbal 
R, et al. Association of dairy intake with cardiovascular disease 
and mortality in 21 countries from five continents (PURE): a pro-
spective cohort study. The Lancet. 2018;392(10161):2288–97.

	39.	 Plessas S, Bosnea L, Alexopoulos A, Bezirtzoglou E. Potential 
effects of probiotics in cheese and yogurt production: a review. 
Eng Life Sci. 2012;12(4):433–40.

	40.	 Astrup A, Geiker NRW, Magkos F. Effects of full-fat and fer-
mented dairy products on cardiometabolic disease: food is more 
than the sum of its parts. Adv Nutr. 2019;10(5):924s-s930.

	41.••	Mozaffarian D. Dairy foods, obesity, and metabolic health: the 
role of the food matrix compared with single nutrients. Adv 
Nutr. 2019;10(5):917S-S923. Recent advances in nutrition 
science demonstrate that foods represent complex matrices 
of nutrients, minerals, bioactives, food structures, and other 
factors. Dairy’s role in health and nutrition is highly related 
to its complex matrices that are modified by its forms and 
processing methods.

	42.	 Drouin-Chartier J-P, Côté JA, Labonté M-È, Brassard D, Tessier-
Grenier M, Desroches S, et al. Comprehensive review of the 
impact of dairy foods and dairy fat on cardiometabolic risk. Adv 
Nutr. 2016;7(6):1041–51.

	43.	 Dror DK, Allen LH. The importance of milk and other animal-
source foods for children in low-income countries. Food Nutr Bull. 
2011;32(3):227–43. https://​doi.​org/​10.​1177/​15648​26511​03200​307

	44.	 Dror DK, Allen LH. Dairy product intake in children and ado-
lescents in developed countries: trends, nutritional contribution, 
and a review of association with health outcomes. Nutr Rev. 
2014;72(2):68–81.

	45.	 Hess JM, Cifelli CJ, Agarwal S, Fulgoni VL. Comparing the cost 
of essential nutrients from different food sources in the Ameri-
can diet using NHANES 2011–2014. Nutr J. 2019;18(1):68.

	46.	 Dinu M, Abbate R, Gensini GF, Casini A, Sofi F. Vegetarian, 
vegan diets and multiple health outcomes: a systematic review 
with meta-analysis of observational studies. Crit Rev Food Sci 
Nutr. 2017;57(17):3640–9.

https://www.niddk.nih.gov/health-information/digestive-diseases/lactose-intolerance/definition-facts
https://www.niddk.nih.gov/health-information/digestive-diseases/lactose-intolerance/definition-facts
https://www.firstinsight.com/press-releases/first-insight-finds-expectations-for-sustainable-retail-practices-growing-with-the-rise-of-gen-z-shoppers
https://www.firstinsight.com/press-releases/first-insight-finds-expectations-for-sustainable-retail-practices-growing-with-the-rise-of-gen-z-shoppers
https://www.firstinsight.com/press-releases/first-insight-finds-expectations-for-sustainable-retail-practices-growing-with-the-rise-of-gen-z-shoppers
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials/food-sources-select-nutrients
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials/food-sources-select-nutrients
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials/food-sources-select-nutrients
https://doi.org/10.3390/nu12041154
https://doi.org/10.3390/nu12041154
https://doi.org/10.1177/156482651103200307


301Current Environmental Health Reports (2023) 10:291–302	

1 3

	47.	 Tomova A, Bukovsky I, Rembert E, Yonas W, Alwarith J, Bar-
nard ND, et al. The effects of vegetarian and vegan diets on gut 
microbiota. Front Nutr. 2019;6:47.

	48.•	 Fructuoso I, Romão B, Han H, Raposo A, Ariza-Montes A, 
Araya-Castillo L, et al. An overview on nutritional aspects 
of plant-based beverages used as substitutes for cow’s milk. 
Nutrients. 2021;13(8):2560. This literature review included 
detailed nutrition indices of 122 plant-based beverages and 
confirmed that nutritional quality varies greatly and depends 
on different aspects.

	49.	 Yuan S, Bruzelius M, Damrauer SM, Håkansson N, Wolk A, 
Åkesson A, et al. Anti-inflammatory diet and incident periph-
eral artery disease: two prospective cohort studies. Clin Nutr. 
2022;41(6):1191–6.

	50.•	 Shams-White MM, Chung M, Fu Z, Insogna KL, Karlsen 
MC, LeBoff MS, et  al. Animal versus plant protein and 
adult bone health: a systematic review and meta-analysis 
from the National Osteoporosis Foundation. PLoS ONE. 
2018;13(2):e0192459. This RCT demonstrated that partial 
replacement of animal proteins with plant proteins may 
result in higher bone turnover; it is likely caused by lower 
vitamin D and calcium intakes but could also be related to 
lower protein intake in the study group.

	51.	 Itkonen ST, Päivärinta E, Pellinen T, Viitakangas H, Risteli J, 
Erkkola M, et al. Partial replacement of animal proteins with plant 
proteins for 12 weeks accelerates bone turnover among healthy 
adults: a randomized clinical trial. J Nutr. 2020;151(1):11–9.

	52.	 Hsu E. Plant-based diets and bone health: sorting through 
the evidence. Curr Opin Endocrinol Diabetes Obes. 
2020;27(4):248–52.

	53.	 Vanga SK, Raghavan V. How well do plant based alternatives 
fare nutritionally compared to cow’s milk? J Food Sci Technol. 
2018;55(1):10–20.

	54.	 U.S. Department of Agriculture, Agricultural Research Ser-
vice. FoodData Central; 2019. Retrieved from: https://​www.​
fdc.​nal.​usda.​gov. Accessed 27 Oct 2022

	55.	 Gerber PJ, Steinfeld H, Henderson B, Mottet A, Opio C, 
Dijkman J, Falcucci A, Tempio G. Tackling climate change 
through livestock – a global assessment of emissions and mit-
igation opportunities. Rome: Food and Agriculture Organi-
zation of the United Nations (FAO); 2013. https://​www.​fao.​
org/3/​i3437e/​i3437e.​pdf

	56. •	 Xu X, Sharma P, Shu S, Lin T-S, Ciais P, Tubiello FN, et al. 
Global greenhouse gas emissions from animal-based foods are 
twice those of plant-based foods. Nature Food. 2021;2(9):724–
32. This study used a model-data integration to provide 
spatially explicit estimates of production and consumption-
based GHG emissions and found that 57% of global GHGe 
from food production corresponded to animal-based food 
and 29% to plant-based foods globally.

	57.	 Mekonnen MM, Gerbens-Leenes W. The water footprint of 
global food production. Water. 2020;12(10):2696.

	58.	 Clay N, Garnett T, Lorimer J. Dairy intensification: drivers, 
impacts and alternatives. Ambio. 2020;49(1):35–48.

	59.	 Sharma C, Rokana N, Chandra M, Singh BP, Gulhane RD, Gill JPS, 
Ray P, Puniya AK, Panwar H. Antimicrobial resistance: its surveil-
lance, impact, and alternative management strategies in dairy animals. 
Front Vet Sci. 2018;4:237. https://​doi.​org/​10.​3389/​fvets.​2017.​00237

	60.	 Mottet A, de Haan C, Falcucci A, Tempio G, Opio C, Gerber P. 
Livestock: on our plates or eating at our table? A new analysis 
of the feed/food debate. Glob Food Sec. 2017;14:1–8.

	61.	 Wilkinson JM. Re-defining efficiency of feed use by livestock. 
Animal. 2011;5(7):1014–22.

	62.	 Röös E, Patel M, Spångberg J. Producing oat drink or cow’s 
milk on a Swedish farm — environmental impacts considering 

the service of grazing, the opportunity cost of land and the 
demand for beef and protein. Agric Syst. 2016;142:23–32.

	63.	 Tscharntke T, Clough Y, Wanger TC, Jackson L, Motzke I, 
Perfecto I, et al. Global food security, biodiversity conserva-
tion and the future of agricultural intensification. Biol Cons. 
2012;151(1):53–9.

	64.	 Blonk H, Kool A, Luske B, Waart S. Environmental effect of 
protein-rich food products in the Netherlands consequences of 
animal protein substitutes. 2008. https://​fauna​lytics.​org/​wp-​
conte​nt/​uploa​ds/​2015/​05/​Citat​ion12​91.​pdf. Accessed 27 Oct 
2022

	65.	 Chapa J, Farkas B, Bailey RL, Huang JY. Evaluation of envi-
ronmental performance of dietary patterns in the United States 
considering food nutrition and satiety. Sci Total Environ. 
2020;722:137672.

	66.	 Feraldi R, Huff M, Molen AM, New H. Life cycle assessment of 
coconut milk and two non-dairy milk beverage alternatives. Presented 
at the LCA XII, Tacoma American Center for Life Cycle Assessment 
23, 2012. 2012. pp. 1–8. Link no longer available. PDF available from 
current study authors by request.

	67.	 Floren B, Nilsson K, Wallman. LCA on fresh and aseptic 
oat drink. Swedish Inst Food Biotechnol. 2013. https://www.
zaailingen.com/wp-content/bestanden/oatly.pdf. Accessed 27 
Oct 2022

	68.••	Geburt K, Albrecht EH, Pointke M, Pawelzik E, Gerken 
M, Traulsen I. A comparative analysis of plant-based milk 
alternatives part 2: environmental impacts. Sustainability. 
2022;14(14):8424. One of the most comprehensive analy-
ses to date comparing numerous environmental impacts 
associated with three plant-based milks (almond, oat, and 
soy) and cow’s milk.

	69.	 Di Stefano M. Soy milk Lca from Italy (Dichiarazione Ambi-
entale Di Prodotto Della Bevanda Uht Di Soia Granarolo 100% 
Vegetale). Bologna: Granarolo Group; 2016. Link no longer 
available. PDF available from current study authors by request

	70.	 Head M, Sevenster M. & Croezen. Netherlands: H. Life cycle 
impacts of protein- rich foods for superwijzer. Delft; 2011.

	71.	 Poore J, Nemecek T. Reducing food’s environmen-
tal impacts through producers and consumers. Science. 
2018;360(6392):987–92.

	72.	 Reinhart G, Gartner S, Wagner T. Enviromental footprints of food 
products and dishes in Germany. Heidelberg, 2020. https://​www.​
ifeu.​de/​filea​dmin/​uploa​ds/​Reinh​ardt-​Gaert​ner-​Wagner-​2020-​Envir​
onmen​tal-​footp​rints-​of-​food-​produ​cts-​and-​dishes-​in-​Germa​ny-​
ifeu-​2020.​pdf. Accessed 27 Oct 2022

	73	 Smedman A, Lindmark-Månsson H, Drewnowski A, Edman AK. 
Nutrient density of beverages in relation to climate impact. 
Food Nutr Res. 2010;54:5170.

	74.	 Tesco. Product carbon footprint summary 2012 [26 March 
2021]. Available from: https://​issuu.​com/​thema1/​docs/​tesco_​
produ​ct_​carbon_​footp​rint_​summa​ry_1_.

	75.	 Winans KS, Macadam-Somer I, Kendall A, Geyer R, Mar-
vinney E. Life cycle assessment of California unsweetened 
almond milk. Int J Life Cycle Assess. 2020;25(3):577–87.

	76.	 Birgersson S, Karlsson BS, and Soderlund L. Soy milk— an 
attributional assessment examining the potential environmen-
tal impact of soy milk: Stockholm University, Stockholm; 2009 
[Available from: https://​www.​scribd.​com/​docum​ent/​36656​
8700/​Soy-​milk-​an-​attri​butio​nal-​Life-​Cycle-​Asses​sment-​exami​
ning-​the-​poten​tial-​envir​onmen​tal-​impact-​of-​soy-​milk-​pdf

	77.	 Buchan L, Henderson A, Unnasch S. Ripple milk 
life cycle assessment. Life Cycle Associates Report 
LCA.6121.001.2022. 2022. Prepared for Ripple Foods. 
https://​www.​rippl​efoods.​com/​pdf/​Ripple_​LCA_​Report_​v6.​
pdf. Accessed 27 Oct 2022

https://www.fdc.nal.usda.gov
https://www.fdc.nal.usda.gov
https://www.fao.org/3/i3437e/i3437e.pdf
https://www.fao.org/3/i3437e/i3437e.pdf
https://doi.org/10.3389/fvets.2017.00237
https://faunalytics.org/wp-content/uploads/2015/05/Citation1291.pdf
https://faunalytics.org/wp-content/uploads/2015/05/Citation1291.pdf
https://www.ifeu.de/fileadmin/uploads/Reinhardt-Gaertner-Wagner-2020-Environmental-footprints-of-food-products-and-dishes-in-Germany-ifeu-2020.pdf
https://www.ifeu.de/fileadmin/uploads/Reinhardt-Gaertner-Wagner-2020-Environmental-footprints-of-food-products-and-dishes-in-Germany-ifeu-2020.pdf
https://www.ifeu.de/fileadmin/uploads/Reinhardt-Gaertner-Wagner-2020-Environmental-footprints-of-food-products-and-dishes-in-Germany-ifeu-2020.pdf
https://www.ifeu.de/fileadmin/uploads/Reinhardt-Gaertner-Wagner-2020-Environmental-footprints-of-food-products-and-dishes-in-Germany-ifeu-2020.pdf
https://issuu.com/thema1/docs/tesco_product_carbon_footprint_summary_1_
https://issuu.com/thema1/docs/tesco_product_carbon_footprint_summary_1_
https://www.scribd.com/document/366568700/Soy-milk-an-attributional-Life-Cycle-Assessment-examining-the-potential-environmental-impact-of-soy-milk-pdf
https://www.scribd.com/document/366568700/Soy-milk-an-attributional-Life-Cycle-Assessment-examining-the-potential-environmental-impact-of-soy-milk-pdf
https://www.scribd.com/document/366568700/Soy-milk-an-attributional-Life-Cycle-Assessment-examining-the-potential-environmental-impact-of-soy-milk-pdf
https://www.ripplefoods.com/pdf/Ripple_LCA_Report_v6.pdf
https://www.ripplefoods.com/pdf/Ripple_LCA_Report_v6.pdf


302	 Current Environmental Health Reports (2023) 10:291–302

1 3

	78.	 Grant CA, Hicks AL. Comparative life cycle assessment 
of milk and plant-based alternatives. Environ Eng Sci. 
2018;35(11):1235–47.

	79.	 Ercin AE, Aldaya MM, Hoekstra AY. The water footprint of 
soy milk and soy burger and equivalent animal products. Ecol 
Ind. 2012;18:392–402.

	80.	 Henderson AU, S. Life cycle assessment of ripple nondairy 
milk. Life Cycle Associates. https://​www.​rippl​efoods.​com/​pdf/​
Ripple_​LCA_​Report.​pdf. Accessed 27 Oct 2022

	81.•	 Roos E, Garnett T, Watz V, Sjors C. The role of dairy and plant 
based dairy alternatives in sustainable diets. 2018. https://​pub.​epsil​
on.​slu.​se/​16016/1/​roos_e_​et_​al_​190304.​pdf. Accessed 27 Oct 2022

	82.	 Scholz-Ahrens KE, Ahrens F, Barth CA. Nutritional and 
health attributes of milk and milk imitations. Eur J Nutr. 
2020;59(1):19–34.

	83.	 Stewart H, Kuchler F, Hahn W. Is competition among soft 
drinks, juices, and other major beverage categories responsi-
ble for reducing Americans’ milk consumption? Agribusiness. 
2021;37(4):731–48.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.ripplefoods.com/pdf/Ripple_LCA_Report.pdf
https://www.ripplefoods.com/pdf/Ripple_LCA_Report.pdf
https://pub.epsilon.slu.se/16016/1/roos_e_et_al_190304.pdf
https://pub.epsilon.slu.se/16016/1/roos_e_et_al_190304.pdf

	Dairy and Plant-Based Milks: Implications for Nutrition and Planetary Health
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Approach
	Background on Plant-Based Milks in the USA
	Consumer Motivations for Shifts in Dairy Consumption
	Retail Sales of Dairy and Plant-Based Milks
	Health Impacts of Dairy and Plant-Based Milks
	Nutrient Differences Between Dairy and Plant-Based Milks
	Environmental Impacts of Dairy and Plant-Based Milks
	Conclusion
	Anchor 15
	Acknowledgements 
	References


