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Case study
Risk-benefit assessment
of raw milk
Ricardo Assunção1,2, Sara M. Pires1, Maarten Nauta1
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Why do people choose raw milk (RM)?

“… trend toward more natural products. there seems to be an increasing preference for
raw milk consumption as raw milk is associated with several perceived health benefits that

are believed to be destroyed upon heating…”

“consuming natural”

“purchasing locally”

“… perception that heating destroys the nutritional and health benefits of milk. and
can even induce some detrimental effects …”
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Raw milk vending machine in Slovenia

Raw milk vending machine in France

Raw milk vending machine in Italy

Raw milk vending machine in Slovenia
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“Sale of raw drinking milk through vending machines is permitted in some Member States, but

consumers are usually instructed to boil the milk before consumption” (EFSA)
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Outbreaks

• In ~ 1 - 6% of the human outbreaks reported in developed countries, milk products have
been identified as the vehicle of infection

– 39.1% attributed to milk

– 53.1% to cheese

– 7.8% to other milk products
(De Buyser, Dufour, Maire, & Lafarge, 2001; EFSA, 2010;

Gillespie, Adak, O’Brien, & Bolton, 2003; Headrick et al., 1998; Lee & Middleton, 2003)

• 2007 – 2012: 27 reported outbreaks in the EU involving RM:

– 21 due to Campylobacter spp. (predominantly C. jejuni)

– 1 due to Salmonella Typhimurium

– 2 due to STEC

– 3 due to Tick-borne encephalitis vírus (TBEV)

– 4 were due to raw milk from goats

– 23 were due to raw milk from cows
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Facts & Unsolved questions

• Milk & milk products could be associated to food-borne diseases – several reported

outbreaks associating milk (RM) as a cause

• Previous studies assessing risk of RM consumption (QMRA Campylobacter jejuni. Listeria

monocytogenes and STEC) – no DALYs calculation

• Few studies/reports comparing risks and benefits from RM, none presenting in a

quantitative way

– “…RM poses a realistic and unnecessary health threat because of its possible

contamination with pathogenic bacteria…”
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Facts & Unsolved questions

• Remaining unsolved questions:

– What is the balance between the associated risks and benefits of RM? Is it possible

to quantify them?

– Are the presented arguments to consume RM based in scientific evidence?

– Could they impact the health of consumers?
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Raw Milk
Case study
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A. Problem formulation

B. Scenarios definition

C. Food components & Health effects to be considered

D. Microbiology – results for Listeria monocytogenes

E. Nutrition – results for vitamin B2

F. Integration of risks & benefits – scenarios comparison
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A. Problem formulation

• Aims: to quantify how healthy or risky RM consumption could be

• Level of aggregation: food product raw milk versus heat-treated milk (Pasteurized)

• Population of interest: general population

• RBQ:

11

What are the health effects associated to the consumption of raw drinking milk?

Is raw drinking milk healthy overall?

How healthy (DALY)?
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B. Scenarios definition

Reference Scenario No consumption of raw drinking milk and consumption of heat-

treated milk (100 % heat-treated milk) – Pasteurized milk

Alternative Scenario Consumption of raw drinking milk (100 % raw drinking milk).

consumed directly from the vending machine

12

• The health effects estimated considering the consumption of 1 cup of milk (~240 mL)

• For microbiological risk assessment: consumption of 100.000 servings of raw milk/year was assumed

Sub-scenarios were considered storage conditions
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C. Which components should be considered?

1.Microbiology

2.Nutrition

3.Toxicology

4.Whole milk

13

Components that do not present differences

between raw and heat-treated milk were not

considered in this case study
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Components identification

• Based on the:

– hazard identification performed by EFSA in its Scientific Opinion on the public health

risks related to the consumption of RM;

– international authorities and regulatory agencies reports;

– already published studies focusing on the risk assessment of RM consumption

14
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1. Microbiology – Risks

15

• Included pathogens:

– Campylobacter spp.

– Salmonella spp.

– Listeria monocytogenes

– Shigatoxin-producing Escherichia coli (STEC)

• Not included pathogens:

– Brucella melitensis

– Mycobacterium bovis

– Flavivirus (Tick-borne Encephalitis Virus (TBEV))

Associated outbreaks

Detection in raw milk

Outbreak evidence older

Official control plans

Other species than Cow
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1. Microbiology – Benefits

16

• Probiotic bacteria:

– Included: Lactobacillus

• Microflora of raw milk

– Not included: Bifidobacteria

• Inhabitants of the cow‘s intestines not the udder

• Presence of bifidobacteria in raw milk indicates faecal contamination and poor farm

hygiene

• Other that were not included: bacteriocins (production limited under refrigeration), acid

lactic bacteria (growth and acid lactic production limited under refrigeration)
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2. Nutrition – Benefits

• Vitamins

– Included: Vitamins A (milk as an

important source) & B2 (milk important

contributor for the daily intake)

– Not included: Vitamins B12, C & Folate

(not important source)
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• Proteins and Amino acids: were not included

– Other sources

– No differences between raw and heat-treated milk

• Fats: were not included

– Heat treatment has no effect on milk fat amount

or composition

– No clear evidence between different doses/raw

milk/health effect

• Minerals, lactose, milk enzymes, digestive enzymes,

immunoglobulins: were not included
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3. Toxicology

• Potentially:

– Antibiotics residues

– Mycotoxins (aflatoxins)

– Other

18

No differences between RM and heat-treated milk are expected
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4. Whole milk

19

• Consumption of whole milk: included

– Decrease in the prevalence of hay fever and asthma

– But, mechanisms underlying the protective farm milk effect is still not fully

understood
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Raw drinking milk

Food Component

Heat-treated milk

Campylobacter
spp.

Salmonella spp.

Shigatoxin-
producing

Escherichia coli
(STEC)

Health effects

Irritable Bowel Syndrome (IBS)

Death

Gastroenteritis (GE)

Inflammatory Bowel Disease
(IBD)

Reactive Arthritis (RA)

Gulliaine Barré Syndrome
(GBS)

Renal disease (HUS. End-
stage renal disease)

”Flu-like” illness

Meningitis
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Raw drinking milk

Food Component

Heat-treated milk

Health effects

Small intestinal bacterial
overgrowth (SIBO)

Irritable Bowel Syndrome (IBS)

Psychological symptoms

Reduction of serum lipid
levels/Cardiovascular diseases

Probiotic bacteria:

Lactobacillus Reduction of fasting blood
glucose levels/Type 2 diabetes

mellitus

Respiratory tract infections in
children/Acute upper

respiratory tract infections
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Raw drinking milk

Food Component

Heat-treated milk

Health effects

Colorectal cancer

Hay fever

Asthma

Atopy

Vitamin A Visual System – Cataracts

Bone metabolism

Breast Cancer

Renal damage

Gastric Cancer
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D. Microbiology – results Listeria

monocytogenes

• Risk assessment (bottom-up

approach)

– No growth during

transportation to the vending

machine

– Direct consumption from the

vending machine without any

heat treatment

– Different storage conditions at

vending machine

• 1 day, 3 days

• 2 ºC – 8 ºC

23

Processes

Raw Milk

Transportation from farm until

the vending machine
Growth

Raw Milk at vending machine Growth

Transportation to Consumer's

home
Growth

Consumer's home storage Growth

Consumption

No heat-treatment

Consumption

Heat-treated
Inactivation

Pathway

Consumption
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Estimated number of cases of Listerioris per year
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• DALY calculation: using

BCoDE DALY per case

• Consumers: 1 cup (1 serving)

of milk per day per year

• ΔDALYs: Reference versus

Alternative scenario

25

Estimated DALYs associated to Listeriosis in RM

Initial value
(CFU/mL)

Storage time at
vending machine

(Days)

Temperature at
vending machine

(°C)

DALY per
year

1

1

2 0.000
4 0.000
6 0.000
8 0.000

3

2 0.005
4 0.011
6 0.039
8 0.420

10

1

2 0.000
4 0.005
6 0.005
8 0.011

3

2 0.021
4 0.091
6 0.687
8 7.632
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• Benefit assessment (top-down approach)

– Exposure assessment based on Dutch Food Composition Database

– Dose-response: fitting according to epidemiological data for Colorectal cancer &

Breast cancer

– Potential impact fraction (PIF) = (RR_alt - RR_ref) / RR_ref

– DALYs Calculation: DALY rate (DALY per case) in Europe to Colorectal cancer and

Breast cancer according to GBD results tool

– ΔDALYs: Reference versus Alternative scenario

26

E. Nutrition – results Vitamin B2
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Health effect:
colorectal cancer

Health effect:
breast cancer

Raw Milk
vs

Pasteurized Milk

Raw Milk
vs

Pasteurized Milk
ΔDALY

(DALYs/100k)
-3.40

ΔDALY
(DALYs/100k)

-1.83

ΔDALY
(DALYs/year)

-0.000034
ΔDALY

(DALYs/year)
-0.000018

27

Change in DALYs: Raw Milk vs Pasteurized Milk
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Vitamin B2

Initial
value

(CFU/mL)

Storage time at
vending machine

(Days)

Temperature at
vending machine

(°C)

Colorectal Cancer &
Breast Cancer

L
is

te
ri

o
s
is

1

1

2 -0.0001
4 -0.0001
6 -0.0001
8 -0.0001

3

2 0.005
4 0.011
6 0.039
8 0.420

10

1

2 -0.0001
4 0.005
6 0.005
8 0.011

3

2 0.021
4 0.091
6 0.687
8 7.632
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F. Integration of risks & benefits – scenarios
comparison

~ 4.5 sec saved

~ 16.5 h lost

~ 10.0 h lost

~ 7.6 days lost
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• Considering only Listeria monocytogenes & Vitamin B2:

– Overall the consumption of raw milk comparing to heat-treated milk presents higher

risk than benefit

• Maximum health loss (only including Listeria monocytogenes) ~ 8 days

• Even considering any benefit, it would be residual (maximum of 4.5 seconds/year)

• Storage conditions (time/temperature) & Initial contamination: critical risk aspects

– Just two components were considered. What about the remaining components?

29

Key messages – Raw Milk case study

IT IS UP TO THE CONSUMER TO TAKE THE RISK!
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Next steps…

• Include remaining pathogens (Campylobacter spp.; Salmonella spp.; STEC)

• Include Lactobacillus + Vitamin A + Whole Milk

• Integrate all risks & benefits (ΔDALYs)

30
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• Challenges in Risk Assessment

– Session in Risk-Benefit Assessment

31

Call for abstracts open!!!
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