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Abstract

As of 2026, the global dairy alternative market has surged to a $17.8 billion industry, driven
by a shifting consumer landscape where 70-75% of the global population experiences lactose
malabsorption. This transition from bovine milk to plant-based analogues (PBMA) is
propelled by rising milk allergies, ethical concerns regarding animal welfare, and the urgent
need for environmental sustainability, as plant-based production significantly reduces
greenhouse gas emissions and land use. The scientific transformation from "bean to bottle"
involves sophisticated extraction methods, including enzymatic hydrolysis and high-pressure
homogenization, to replicate the sensory profile of dairy. However, achieving nutritional
parity remains a challenge. While soy milk provides a comparable protein profile, other
alternatives like rice and almond milk often lack essential amino acids and micronutrients.
Furthermore, the presence of antinutrients such as phytates can hinder mineral bioavailability.
This review highlights that while analogues offer functional and sustainable benefits - such as
the cholesterol-lowering beta-glucans in oat milk - their nutritional efficacy is highly
dependent on precision formulation and fortification. Consumers must remain vigilant
regarding label transparency to ensure these manufactured beverages meet the "gold standard"
of traditional bovine nutrition.
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Introduction

For decades, animal milk was the universal symbol of "wholesome nutrition." But as
we move through 2026, a stroll down the dairy aisle reveals a landscape transformed.
Traditional dairy now shares the shelf with an explosion of plant-based analogues—creamy

almond, hearty oat, tropical coconut, and the long-standing champion, soy.
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This shift is no longer a niche movement; it is a $17.8 billion global industry as of 2026,
projected to nearly double by 2033. Whether driven by the fact that 70% of the global
population faces some degree of lactose malabsorption, escalating climate concerns, or the
"flexitarian" lifestyle, the world is gravitating toward the plant-based bottle. But as these
"milks" become household staples, critical questions remain: What is the true cost of their
production, and can they truly match the "gold standard" of bovine nutrition
The Drivers of the Dairy-Free Trend
o Lactose Intolerance: Roughly 75% of the global population suffers from some level
of lactose intolerance, where the body cannot properly digest the sugars in milk.
(Makinen et al., 2015)
e Milk Allergies: Cow’s milk is one of the most common allergens in infants and
children. (Makinen et al., 2015)
o Lifestyle & Ethics: A surge in veganism, vegetarianism, and concerns over antibiotic
residues or growth hormones in dairy has led many to seek plant-based substitutes.
(Paul et al., 2019)
e Environmental Sustainability: Producing plant-based milk generally requires
significantly less land and emits fewer greenhouse gases than producing the same
amount of animal milk. (Smedman et al., 2010; Sonesson et al., 2010)
From Bean to Bottle: How Plant Milk is Made
1. Extraction

The process begins by breaking down the raw material through soaking and wet-
milling or dry-milling into a fine flour. (Rustom ef al., 1991) To increase the yield, scientists
sometimes use enzymes to help pull more protein and carbohydrates out of the plant material.
(Paul et al., 2019)
2. Separation and Formulation

The "milk" is then separated from the coarse leftover bits (the pulp) through filtration
or centrifugation. (Kwok & Niranjan, 1995) Manufacturers then add ingredients like oils,
sweeteners, and salt to improve palatability and mouthfeel. (Makinen et al., 2015)
3. Stability: Keeping it Smooth
To prevent sedimentation and ensure a shelf-stable product, manufacturers use:

e Homogenization: High-pressure processing that breaks down fat droplets into tiny,
uniform sizes. (Paul et al., 2019)

o Stabilizers: Natural gums like carrageenan or guar gum are often added to maintain a

smooth texture. (Makinen et al., 2015)
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The Nutritional Comparison: Plant vs. Dairy
The Protein Gap

Soy milk is the only alternative that naturally rivals cow's milk in protein content,
offering about 2.9% to 3.7% protein. (Paul et al., 2019) Using rice milk as a primary weaning
food for infants has led to cases of severe protein malnutrition (kwashiorkor) because it often
contains less than 1% protein. (Makinen et al., 2015)

The Bioavailability Challenge
e Antinutrients: Many plants contain "phytates" or "trypsin inhibitors" that can block

the absorption of minerals like iron and calcium. (Paul ef al., 2019)

e Fortification: Most commercial plant milks are fortified with vitamins, but research
shows that calcium from fortified soy milk may be absorbed less efficiently depending

on the salts used. (Heaney ef al., 2005)

Profile of Milk Alternatives
e Soy Milk: Rich in isoflavones linked to heart health and osteoporosis prevention,

though it contains phytoestrogens. (Patisaul & Jefferson, 2010)

e Oat Milk: Contains beta-glucans, a type of fiber known to help lower blood

cholesterol and glucose levels. (Onning et al., 1998)

e Almond Milk: A low-calorie choice and a good source of Vitamin E, but lacks

significant protein. (Paul ef al., 2019)

e Rice Milk: Often the safest bet for people with multiple food sensitivities as it is

hypoallergenic. (Makinen et al., 2015)

e Coconut Milk: Contains medium-chain triglycerides (MCTs) but is high in saturated

fat and very low in protein. (Paul ez al., 2019)

Conclusion:

Plant-based milks have evolved from niche items to global staples. They offer a
sustainable way to enjoy a "dairy-like" experience without the medical or environmental costs
of traditional farming.

However, consumer awareness is key. Because these drinks are manufactured, their
nutritional value depends entirely on how they are formulated. If you’re using plant milk as a
direct replacement for dairy, remember to check the label for protein and ensure it is fortified
with the vitamins your body needs.
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