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Ranked Global Nutrient Contribution of Milk

Smith et al.  Front. Nutr.  8:716100, 2022  doi:10.3389/fnut.2021.716100
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Adult dairy intake recommendations by country
Most require 2-3 servings/day

2 servings/d           2-3 servings/d         3 servings/d
Bulgaria Australia Austria
Denmark Portugal                      Chile
Finland Turkey India
France (1-2)  Hungary
Greece              Ireland
Hungary Italy
Japan Japan
Poland Switzerland
South Africa (1-2)             United States
Sweden
Thailand (1-2)
Uruguay

.



Milk Provides Essential Nutrients
3 cups low-fat milk provide about:

Calcium >100%

Phosphorus 99%

Vitamin D 86%

Protein 54%

Riboflavin 32%

Potassium 28%

Magnesium 25%

Vit B, Vit A, Zinc, and more…

Percentages for vit D and calcium based on EAR, percentages for all others based on RDA 



Food Score
Cow’s milk 1
Eggs 1
Beef 0.92
Soy 0.91
Pea Protein concentrate (isolate) 0.893
Chickpeas and Edamame 0.78
Black beans 0.75
Vegetables 0.73
Legumes 0.70
House cricket 0.687
Cereals and derivatives 0.59
Peanuts 0.52
Rices 0.50

Protein Digestibility Corrected Amino Acid 
Score of Select Foods (PDCAAS)-score:  0-1



Worldwide Total Milk Consumption per capita



Individuals at Risk of Low Calcium 
Intakes in High Income Countries

Connie M. Weaver, Ph.D.
San Diego State University

• Adolescents

• Post menopausal women

• Women with amenorrhea

• High performance athletes

• Those with lactose intolerance or 
cows milk allergies

• Vegans or others who avoid dairy



Smith et al.  JN  2021  doi:/10.1093/jn/nxab199/6312058 

Global Nutrient Supply (per capita/day)
Black horizontal line=demographically weighted global target daily intake

Gray error bars= upper and lower safe intake values
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Does the source of 
calcium matter?
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Calcium Bioavailability from Dairy ProductsCalcium Bioavailability from Dairy Products

NS by ANOVA

Nickel et al J Nutr 126:1406-11, 1996

• Healthy white women 
aged 24-42 y

• Milk intrinsically labeled 
with stable Ca isotopes



* p<0.0001

Nickel et al.  J Nutr  126:1406, 1996

Weaver and Heaney   Calcif Tissue Int.  49:244, 1991

Calcium Absorption (%)



Food sources of bioavailable calcium
Calcium                            Estimated     # Servings
Content    Fractional       Absorbable   needed to

Food Serving     Absorption     Ca/serving     = 1 c. milk

  (mg)             (%)                (mg)

Milk, yogurt 300                32.1                 96.3                   1.0

Beans, dried   50                15.6                   7.8                 12.3

Broccoli   35                61.3                 21.5                   4.5

Cabbage   79                52.7                 41.6                   2.3

Kale   47                58.8                 27.6                   3.5

Spinach 122                  5.1                   6.2                 15.5

Tofu, calcium set 258                31.0                 80.0                   1.2



Fractional calcium absorption from fortified soy 
beverage compared to milk in young women

Zhao et al.  J Nutr 135:2379-2382, 2005

This led to inclusion in school lunch program.



What’s in your glass?
Choices are great, but they can be overwhelming.  This at-a-glance chart can help you understand what’s in your –ounce glass of milk.

CALORIES AND NUTRIENTS

Cow’s Milk Soy Almond Coconut Rice

Calories 110 110 60 80 120

Protein 8g 8g 1g <1g 1g

Fat 2.5g 4.5g 2.5g 5g 2.5g

Carbohydrates 12g 9g 8g 7g 23g

VITAMINS AND MINERALS (% daily value)

Calcium 30% 45% 45% 45% 30%

Phosphorus 25% 25% NA*** NA 15%

Potassium 10% 10% 1% 1% 15%

Riboflavin 25% 30% 30% NA NA

Vitamin B-12 20% 50% 50% 50% 25%

Vitamin A 10% 10% 10% 10% 10%

Vitamin D 25% 25% 25% 25% 25%

PRICE

Per ½ Gallon $1.94 $2.98 $2.44 $3.98 $3.64

Per 8 oz Serving $0.24 $0.37 $0.31 $0.50 $0.46



US FDA Feb 22 2023 released draft 
guidance recommending

If plant-based milk alternative has 'milk' in 
name to include a voluntary statement that 
covers how the product compares with milk 
such as:
"Contains lower amounts of vitamin D and 
calcium than milk."



Plant based beverages compared to cow's milk on 
BMD in growing male rats

Cakebread et al. Curr Dev Nutr 2019 3: nzz115

Casein Amino Acids Milk   Soy  Almond
              + water



 Beverage type influences gut 
microbiome in male rats

Cakebread et al. DOI 10.7717/peerj.13415

Casein Amino Acids Milk    Soy     Almond                   Casein Amino Acids Milk    Soy     Almond
            
            
 



Ultrafiltered milks to remove lactose



Generalized plant-based milk process

Milling

Water
Bleaching

Wet 
Grinding

Wet 
Grinding

Ultra/
Filtering

Ingredient 
Formulation

Stabilizers
Fortificants

Color
Sweeteners

Flavor
Enzyme 

treatment
Bleaching 

agent

Product 
Homogenization

Thermal 
Treatment

Product
Packaging

Common plant matrices
Soybean Rice
Oats Almond
Cashew Chickpea
Tigernut Quinoa
Sesame Sunflower



Generalized fluid milk process

Raw Milk
Collection 

Raw Milk 
Receiving Tank

Filtration
Impurities

Cream

Fortification
Formulation

Quality Testing

Preheat & 
Homogenization

Thermal 
Treatment

Product
Packaging

Skim Milk

Standardization
(Skim, 1%, 2%, Whole)

Product 
Homogenization

Fortification
Mix

Premixes for required vit D3 and vit A fortification often contain:
Sunflower oil, corn oil, water, polysorbate 80, propylene glycol, and 
glycerol monooleate.



Comparing Plant-based to Cow’s milk

Soymilk (Filtered 
Water, Soybeans), 
Cane Sugar, Vitamin 
and Mineral Blend 
(Calcium Carbonate, 
Vitamin A Palmitate, 
Vitamin D2, Riboflavin 
[B2], Vitamin B12), 
Sea Salt, Natural 
Flavor, Gellan Gum, 
Sodium Ascorbate (to 
Protect Freshness).



Challenges for specific product categories: 
Plant-based dairy alternatives

• Key Finding. Most plant-based beverage met the 
NOVA criteria for ultra-processed foods

• Why?  Because they were formulated from 
industrial food ingredients/additives not used in 
normal cooking 

• Conclusion. Replacing milk and dairy products 
with plant-based alternatives will result in higher 
use of ultra-processed foods

Drewnowski A. Perspective: identifying ultra-processed plant-based milk alternatives in the USDA 
branded food products database. Advances in Nutrition. 2021 Dec 1;12(6):2068-75.



The Dairy Matrix: 
Is the whole greater than the 

sum of the parts?



Stroke
Dairy 

Products

Hypertension

Cardiovascular
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Blood
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Stroke
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Diabetes

Fatal
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Osteoporosis

Metabolic
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Colorectal
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Low fat
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Godos et al.  Intl. J Food Sci Nutr  71:138-151, 2020



Bone Health: A Lifelong Concern
• Peak skeletal mass achieved by ages 20-30
• Adult skeleton remodeled and replaced every 10 years

2004 Nutrition and Bone. MRC Human Nutrition Research Cambridge UK. (Gail Goldberg)

GrowthGrowth

MaintenanceMaintenance

FrailtyFrailty
Puberty

Menopause

Old Age

Peak 
bone mass



18 mo RCT of milk (1 pint) on BMC in 82 white girls aged 18 mo RCT of milk (1 pint) on BMC in 82 white girls aged 
12.2 y with baseline calcium intakes of 740 mg/d12.2 y with baseline calcium intakes of 740 mg/d

Cadogan J, et al.  BMJ 1997;315:1255-60. 
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