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ABSTRACT

Foods consist of a large number of different nutrients contairedamplex structure. The nature
of the food structure and the nutrients therein (i.e. the foaddnaill determine nutrient digestion
and absorption, thereby altering the overall nutritional propestitee food. Thus, the food matrix
may exhibit a different relationship with health indicatiien that observed with the single
nutrients studied in isolation. The evidence for a dairyimaftfect was presented and discussed by
an expert panel at a closed workshop, and the following conseasusached: 1) Current
evidence does not support a positive association between aftd&ey products and risk of CVD
(i.e. stroke and coronary heart disease) and type 2 diabetes. Bgtdatraented dairy products
such as cheese and yogurt generally show inverse associatiotsrn@nition studies indicate that
the metabolic effects of whole dairy may be different to dfigingle dairy constituents when
considering effects on body weight, cardiometabolic disedseans bone health. 3) Different
dairy products seem to be distinctly linked to health effects sedsk risk markers. 4) Different
dairy structures and common processing methods may enhancdimnsraetween nutrients in the
dairy matrix, which may modify the metabolic effects of dairy congionp5) In conclusion, the
nutritional value of dairy products should not be considered eguivi their nutrient contents, but
rather be considered based on the biofunctionality of the nutvigthis the dairy food structures.
6) Further research on health effects of whole dairy foods are wetraongside the more
traditional approach of studying the health effects of singleamtsri Future diet assessment and
recommendations should carefully consider evidence on wholeeftexds alongside the evidence
for individual nutrients. Current knowledge gaps and recommeamdafior priorities in future

research on dairy were identified and presented.

Keywords: Whole dairy, dairy nutrients, dairy structure, fermented dairy, dairy protein,

MFGM, calcium, phosphorous, blood lipids, bioavailability
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1. INTRODUCTION

Nutritional evaluation of the relationship between diet and health has tratijtimtaised on
individual food constituents such as proteins, fats, carbohydrates and micronutriaratesep
This reductionist approach (1), linking one nutrient to one health effect, may partlynesquiae
of the discrepancies between a food’s predicted health effect based on its nutrient content and its

actual health effect when consumed as a whole food. The diet does not cosiagieafutrients,

but of whole foods, either alone, or alongside many other foods as part of a meal. The foods have

complex structures both physically and nutritionally which affect digestidrabsorption and

may generate interactions within the food matrix altering the bioactive pespeftihe nutrients

in ways that are not predictable from the nutrition label information.

Recent studies have shown that the food matrix aahfynthe nutritional properties of a food (2,3).
Plant-based foods contain cellular structures #wire breakdown before the encapsulated
nutrients and bioactive compounds can be releasddl@sorbed. This may be achieved by
processing (e.g. industrial and cooking) and by oratic@®n, but bioavailability of nutrients may
be limited in some foods (3,4). An example is alngridr which the food matrix attenuates
postprandial lipaemia after consumption (3). A sloredease rate of nutrients from naturally
encapsulated systems was shown to increase sdt@tg@sumption (5). This paradigm may also
apply to other foods, such as dairy products (6,7). [paogiucts are major sources of high-quality
protein and calcium, and their nutritional valuevisl recognized (8). However, dairy products are
also a major contributor to saturated fat in the¢,@ind thus have been targeted as one of the main
dietary causes of CVD, as saturated fat increasedénsity lipoprotein (LDL)-cholesterol (9). The
majority of current dietary guidelines include dairyguots as part of a healthy diet, but recommend
the low-fat or fat-free versions, to reduce the iataksaturated fat (U.S. population goal is to cedu

saturated fat intake below 10 % of total energykiexgl0). However, it is
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guestioned if the current dietary recommendations on dairy consumtgiies full account of
whole food effects or rely on extrapolations of health effectse§ingle nutrients contained in
dairy. A difficulty with many epidemiological studies, which hawamined dairy intake in relation
to health, is the broad categorization of dairy foods. Some stutbesaelairy as one homogenous
food group, while others attempt to divide dairy foods into lovesfat high-fat dairy. However,
these terms lack a universal standard definition, and edrtdeproducts being differentially
categorized by different researchers. Further, these terms thkaahto account the different
dairy food matrices, i.e. the sum of dairy nutrients within theipelairy food structure. Due to
differences in dairy matrices between various types of dairy pimdhese foods may have distinct
effects on health. Hence, focusing on the dairy matrix, instethe afairy nutrients, allows
investigation of the health effects of dairy products based on leywatie actually consumed by

the population.

2. AIM AND METHODS

The current paper is based on the presentatistyssions and conclusions from a workshop on the
dairy matrix. The closed consensus workshop of indtéehtists was arranged by the co-chairs Arne
Astrup and lan Givens and held at Bernstorff Slot, GemtDenmark, 28-29 September 2016. The
workshop program and speakers were selected by ttieais. A total of 19 experts were initially
identified to represent different scientific ar@athin the dairy matrix. These 19 scientists were
invited to the workshop, five declined to participhtg two of these suggested replacements for their
participation. Hence, 18 scientists consented tiiqgzate in the workshop, and out of these 10 were
invited to present research on the dairy matrixiwitheir scientific areas of expertise. Each
presentation was allocated a discussant scientistwas asked to challenge the content of the
presentation in order to achieving a balanced viethegtvidence. The overall aim of the workshop

was to exploit the synergy between various scierdifeas in order to reach of a more
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comprehensive understanding of the dairy matrix, as well as to identify gapsiidtieg
knowledge and currently missing evidence. Prior to the workshop, speakers were askedao wr
abstract based on 3-5 key papers within their area of research contributing witedgewh the
dairy matrix. A total of 42 background papers were chosen from the literature, and theddata
viewpoints from these, including additional literature, were presented at the worksiobp.
presentation was challenged by an extensive discussion held in plenum. The workshop was
rounded off with group sessions, which aimed to identify gaps in the existing knowledge 1)
and, subsequently, these were presented and discussed in a plenary session. The dbh&ome of
workshop is presented in this scoping review, which should act as a primer for future redéarch. A
workshop participants were from higher educational institutions or researcht@sstitence no
industrial representatives, or sponsors, participated in the workshop or contributectierttigcs
paper.

3. EVIDENCE OF A DAIRY MATRIX EFFECT - SUMMARY OF CONSENSUS

AND CONCLUSIONSFROM THE WORKSHOP

The major dairy components shown to impact the humeatth are fat, protein (whey and casein),
minerals (calcium, magnesium and phosphate), sodinththe components of the milk fat globule
membrane (MFGM); i.e. the biological membrane sumding the lipid droplets in milk. Dairy
products are heterogeneous in terms of the contéimése components but also their physical
structure Table 2). Although cheese has a high fat content, it is reondar in composition to
yogurt and milk than to butter, due to the proteimaral, and MFGM content. High-fat dairy
produds, with exception of butter, are specifically rioitMFGM (11). Yogurt and cheese are both
fermented dairy products containing bacteria wiglontial ability to produce bioactive peptides
and short chain fatty acids (SCFAs). Compared to yanatmilk, cheese, however, has a higher

content of calcium, protein (mostly casein withyosinall amounts of whey protein), fat, and
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sodium. Moreover, the structure of cheese is more solid, whereas yogurt has atgeé stneg

milk has a liquid structure. For cheese there are numerous methods of production and ripening,
and these influence the extent of protein and fat degradation. In general, for fermayted da
products the bacterial culture used, as well as the type and amount of ingredikras s

stabilizers, texturizers, and flavors is also highly variable. Due to diffesen@composition and
structures of different dairy foods, it is plausible that they have differentetiacdealth, and

even more so compared to intake of a single nutrient, i.e. a dietary supplem&cbridapt was
explored at the workshop and the evidence is summarized in the scoping review betbws whi

structured according to the categories of experimental designs and area of headthiser. dis

3.1. Evidence from meta-analyses on observational studies on dairy products and disease risk

The majority of observational studies on dairy products and disease risk havdagitised on

dairy components such as calcium, fat and protein or on dairy products either as a homogenous
food group or according to high or low fat contents. However, disregarding the differences in
composition and food matrix between various types of dairy products may have blurred the
analyses, and may have led to misinterpretation of the true associations. The number of
observational studies focusing on dairy products as whole foods is currently increasing, and some
of these have in recent years been pooled in a number of meta-analyses with diftepoints.

The results from the meta-analyses on dairy product intake and risk of CVD, hypertension, and

type 2 diabetes (T2D) are presented below.

3.1.1. Intake of dairy products and risk of CVD

In a meta-analysis of prospective cohort studieQimyet al. (2015), total dairy consumption was
inversely associated with overall risk of CVD (RR=8).85% CI: 0.81- 0.96) and stroke (RR=0.87,
95% CI: 0.77- 0.99) (12). For the specific dairgghucts, only cheese intake was inversely

associated with risk of stroke (RR=0.91, 95% (3460.98) and risk of coronary heart disease



121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2

(CHD) (RR=0.84, 95% CI: 0.71-1.00). This meta-as@lyvas, however, limited by broad categories
of dairy and outcome variables, and also no-desponse analyses were conducted. Nevertheless,
the findings were supported by a recent meta-aisatysvhich total dairy intake was associated with
lower risk of stroke (RR=0.91, 95 % CI: 0.83-0.98)d cheese intake was associated with a lower
risk of CHD (RR=0.82, 95 % CI: 0.72-0.93) and sadRR=0.87, 95 % CI: 0.77-0.99) (13). The
dose-response analyses did, however, not suppmtense doseesponse relationship between the
dairy variables and CHD or stroke, after adjustorgvithin-study covariance. In the latest meta-
analysis of dairy intake and stroke, which includ8dcohort studies with 8 to 26 years of follow-up
and a total of 762,414 individuals and 29,943 strekents, total dairy intake was not associateal wit
stroke risk (14). For the specific dairy produetsiaily 200 g increment in milk intake was asseciat
with a 7% lower risk of stroke (RR=0.93; 95% CB®&. 0.98; P=0.004), with considerable
heterogeneity £86). RR were 0.82 (95% CI: 0-4%90) in East Asian and 0.98 (95% CI: 0.95
1.01) in Western countries (median intakes 38 &tdg2d, respectively) with less but still
considerable heterogeneity within the continenésel on a limited number of studies, high-fat milk,
but not low-fat milk, was directly associated wsthoke risk. By contrast, cheese intake was
marginally inversely associated with stroke risRéR.97, 95% CI: 0.941.01 per 40 g/d), which is
consistent with previous findings. No associati@sound for yogurt, but total intake of fermented
dairy products (combining 2 of the products: chegsgurt, or sour milk) was borderline
significantly associated with a 9% (RR=0.91, 95%82- 1.01) lower risk of stroke per 200 g/d,
with no indications of a non-linear associatiorhexeficial effect of cheese intake was additionally
supported by another meta-analysis of prospectiiiert studies, in which cheese intake was
inversely associated with total CVD (RR= 0.90, 9%%60.82-0.99), CHD (RR=0.86, 95% CI: 0.77-
0.96) and stroke (RR=0.90, 95 % CI: 0.84-0.97).(T&g inverse association between cheese intake

and stroke is of particular interest due to théxlsgdium content
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of cheese. Furthermore, a recent meta-analysigsteghthat butter consumption was not

significantly associated with CVD, CHD, or strokiespite the high content of SFAs (16).

3.1.1.1 Intake of dairy products and risk of hypertension

The latest meta-analysis assessing the relatiorebeatdairy intake and hypertension included 9
prospective cohort studies, wii,256 individualaand15,367 incident hypertension cases (17).
Linear inverse associations were found betweenenvékotal dairy, low-fat dairy, and milk and
incident hypertension. Low-fat dairy intake was assediavith a 4% lower risk of hypertension
(RR=0.96, 95% CI: 0.93.99) per 200 g/d, whereas hifgt dairy intake was not associated with
hypertension (RR per 200 g/d= 0.99; 95% CI: 0.95- 183)gnificant inverse linear association
was found between milk intake and incident hypertensiith a pooled RR for total milk intake
per 200 ml of 0.96 (95% CI. 0.93-0.99). No associatwere found between total intakle o
fermented dairy, cheese, or yogurt and risk of hypertensiwus, specifically low-fat dairy

products and milk in particular seems to be linteed lower risk of hypertension.

3.1.2. Intake of dairy products and risk of type 2 diabetes

The most recent meta-analysis on dairy intake amlif@uded 22 cohort studies, with 579,832
individuals and 43,118 T2D cases (18). Total daitgkie was inversely associated with T2D risk
(RR=0.97 per 200 g/d increment; 95% CI: 0.95-1.00.P4), with a suggestive but similarly linear
inverse association for low-fat dairy intake (RR#0g&r 200 g/d; 95% CI: 0.92-1.00; P=0.072). The
inverse association was strongestpopulations >60 y (RR= 0.84 per 200 g/d; 95% CI: 00/93).
When analyzed according to the type of dairy prodact®n-linear strong inverse association was
found between yogurt intake and T2D (at 80 g/d, RR=0.86 g&l; 95% CI: 0.83- 0.90; P<0.001).
At higher yogurt intakes, a levelling off in risk assdion was evident. In addition, low-fat
fermented dairy was not associated with T2D riskwhen high-fat fermented dairy was included, a

significant 12% lower risk was found with an intaket®fg/d, above which there were



169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2

11

no further reduction in the RR of T2D. Cheese, cream, total milk, low-fat milk, high{atand
total high-fat dairy intake were not found to be associated with T2D risk. Furthermadee viag
recently suggested to be inversely associated with incidence of T2D (RR=0.96, 95% CI: 0.93-
0.99; P=0.021) (16). In summary, the dairy products yogurt and butter, as well as the group of

high-fat fermented dairy products, seem to be inversely associated with T2D.

3.1.3. Considerations for future observational studies on dairy adbeetabolic risk As
observational studies have just recently started to examioeiagms for different types of dairy
products, the analyses of individual dairy products in the presemgdanalyses were based on a
low number of studies. Specifically, data on yogurt and cheeseifitak observational studies
are limited, which is likely due to a previous focus on milkkatal he latter however still warrant
further investigation considering recent findings from two Swedblots reporting that high

total milk intake was associated with higher mortality (B2)sed on the current literature it can be
recommended that future epidemiological studies provide nxteasve details about the types of
dairy products, including fat content, as well as detailsiwihe specific dairy group (e.g. cheese
types, yogurt types). In additioasamounts and types of dairy products consumed vary across
countries and continents, heterogeneity was present in sef/éralpresented meta-analyses.
Future studies should address the differences in intake acrosgntse.g. by use of stratification

in the statistical analyses.

The advantages of observational studies are that dreraly represent large populations, examine
long-term associations with disease events, aresaseal-life exposure prior to the occurrence ®f th
outcome. An important disadvantage is, however,dbafounding cannot be eliminated in
observational studies and therefore evidence foratius generally weak. The associations
between dairy intake and disease risk could potgniia influenced by residual confounding. For

instance, overall diet quality may differ betweeirgland non-dairy consumers, and also different
The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2
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193 types of dairy may cluster within different dietary patterns. Only a few epadiegne studies have

194 investigated how dairy intake affects the diet quality. One study showedwhéitl dairy product

195 intake clusters within a healthy type dietary pattern , whereas the oppositedcegply for intake

196 Of high-fat dairy products (20). Furthermore, another study showed that yoghurt consumption was
197  associated with an improved diet quality, including higher consumption of fruits andblege

198 Whole grains, and dairy products (21). Nevertheless, the impact of different types of dairy products

199  on diet quality may very likely be population specific.

o0 Observational studies support distinct relations between intake of specifootygairy foods and
201 risk of CVD, hypertension, and T2D, but does not provide evidence of causality, hence,

202 randomized controlled trials have to be considered. In the following sections stediessented

203 comparing whole dairy products to dairy constituents or to other dairy products, with or without

204 Matching the dairy constituents.

205 3.2. Intervention studies comparing dairy productsto dairy constituents (supplements) One

206 way of investigating whether there is a specific effect of the daitgpoen health is to examine
2p7  Intervention studies comparing whole dairy food with an isolated nutrient ofshfesen that
208 food, to explore if there is a difference in outcome with the whole food versus tiedsol

209 hutrient. The results from intervention studies fitting this criterion are tescbelow.

210 3.2.1. Effect of whole dairy foods compared to dairy constituents on body weight and

211 body composition

712 Two studies have investigated if a whole dairy food has aeiiffeffect on body weight and body
213 composition relative to calcium or milk protein. The first studpverweight/obese premenopausal
214 women compared the effect of cows’ milk (3 servings/d), soy milk fortified with calcium (3

215 servings/d), a calcium carbonate supplement (800mg/d), and a abetr@io addition)
The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2
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216 on body weight, waist and hip circumference (22). All groups consumed an energy deficit diet

217 (500 kcal/d) for a period of 8 weeks. The greatest reduction in body weight, BMI and body fat was
218 in the cows’ milk group. Weight loss in the cows’ milk group was significantly greater than the

219 weight loss in the control or soy milk group (weight loss 5.8%, 4.3% and 3.8%, respectively) but
220 hot relative to the calcium supplement (4.8% weight loss). These results suggestr@aatial

)31 effect for calcium and protein contained in milk. Another study compared 12-weaks df

2793 Skimmed milk, casein or whey protein, versus water (0.5 L/d) on body composition and leptin

)73 levels in overweight adolescents (23). Compared to water, skimmed milk and the neilkgrot

2724 Increased lean mass, fat mass and leptin concentration; thus indicading @ akein effect rather

2725 than a dairy matrix effect.

126 3.2.2. Effect of whole dairy foods compared to dairy constituents on markers of

7327 cardiovascular disease risk

228 Effects of whole dairy compared to dairy constitsem cardiovascular outcomes have also been
229 investigated in a number of studies. Previoushyais suggested that calcium supplements were
230 associated with an increased risk of cardiovasclig@ase events and mortality (24) and, hence, it
231 was assumed that calcium-rich foods, such as daiyld exhibit the same association. However,
237  anacute increase in calcium intakes from dairgpets (milk and low-fat yogurt) was shown to

233 attenuate postprandial lipaemia, whereas supplemyecdlcium carbonate did not exert a similar

234 effect (25). Another acute study investigated ffexcts of a calcium supplement (500 mg) compared
235 to a meal with a calcium supplement or a dairy pebdheal, or a calcium fortified juice, on serum
236 calcium and phosphate up to 6 hours after consomptia randomized cross-over manner (26). The
237 elevation in serum ionized and total calcium cotregion was delayed when the supplement was
23g consumed with a meal, but was most delayed akeddiry product meal, thus indicating a dairy

239 Mmatrix effect. The authors speculated that thedreqarease in serum calcium
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with the calcium supplement may partly explain the contrasting cardiovasffielets of calcium
supplements and calcium in dairy foods. The different responses to calcium comsuae
supplement or as a dairy product, may be due to differences in the chemical foloiuai ca
(inorganic calcium carbonate or citrate in supplements vs. organic calcisphgaite

(hydroxyapatite) in dairy products), or to interactions between calcium and othpowgents in the
dairy matrix.

The effects of whole dairy foods on blood pressure may also differ from that of a calcium
supplement. One study of older date investigated the effect of 6 weeks ihtaike (12180 mg
calcium, 1650 mg potassium, and 110 mg magnesium) compared to a mineral-reduced mnjk (95
calcium, 580 mg potassium, and 10 mg magnesium) in an otherwise low-calcium diet (<500 mg/d)
on blood pressure (27). The mean systolic blood pressure change associated with intake of milk
4.1%) was significantly greater than the change observed with the mineral-redikced /326).

This indicates a small hypotensive effect of milk intake, which wasst partly explained by its
mineral content. More recently, a randomized double-blind crossover study inveistigabdéood
pressure lowering effect of Grana Padano cheese (30g/d) in comparison to a placelimgconsis
flavored bread mixed with fats and salts in concentrations equal to those of Gilana Blaeese),

in a 2-months cross-over study in mildly hypertensive subjects (28). Intake of the Grana Pada
cheese resulted in a significant decrease in systolic and diastolic bloag@msspared to

placebo. Therefore, SFAs and salt may have less effect on blood pressure whernpttesent
cheese matrix, or other components in the cheese matrix (e.g. bioactive peptigésve
counteracted their effect.

3.2.3. Effect of whole dairy foods compared to dairy constitummtsone health

The importance of the dairy matrix on bone headth Iheen studied in two trials comparing whole

dairy products to dairy nutrients. Fermented dairy pctslmay have a distinct positive effect on
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mineral and bone balance, as in addition to thelgugd calcium, phosphorus, and protein they also
contain probiotic bacteria. The latter may alter gt microbiota, and enhance the capacity to
translocate calcium across the intestinal epithel(29). A two-year randomized controlled trial
examined the effects of calcium or calcium + vitamisupplements, or a dairy product (cheese) on
bone mass accrual and body composition in 10-12g}dayirls with low habitual calcium intake
(30). The cheese supplementation resulted in &hjggrcentage change in cortical thickness of the
tibia compared to placebo, or calcium supplemeariatr calcium + vitamin D supplementation. A
per-protocol analysis found that cheese supplementegsulted in a higher whole-body bone
mineral density (BMD) in those with >50% compliantaus, cheese had a superior effect on bone
mass accrual than calcium or calcium + vitamin ppéementation. Another randomized controlled
trial investigated the effect of dairy products @agcium supplement, both providing 1200mg
calcium/d, on markers of bone metabolism and BMBtr& to a control group (31). After 12
months, the dairy group had greater improvements uispspine and total BMD than the calcium

supplement group and the control group. Both trigfgert a dairy matrix effect on bone health.

3.2.4. Partial conclusion on dairy products compared to dairy e@rdst(supplements)

Studies to date examining the effect of whole dairy foods compared to singleatatyuents
focusing on body weight, CVD risk or bone health provide indications that whole dairy products
have a more beneficial effect on health compared to the single daintwenisti This supports the
concept that dairy products should not be considered as equal to a few nutrients, but ama functi
of the total nutrient content within the natural dairy structure. This propostiwarthy of
investigation in future trials.

3.3. Intervention studies comparing effects of different dairy products on blood lipids,

controlling for dietary factors
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Different types of dairy products may affect risk neaekof disease differently, and this could
potentially be explained by additive effects of théwve components contained in the dairy
products. Comparison of one type of dairy product aleitiy intake of specific dairy components

to resemble the composition of another dairy prodias investigated in two studies.

Tholstrup et al. (2004) compared cheese, milk and butter in whole diets all lbafanttee amount
of fat (from cheese, milk and butter) and for the content of protein (80% casein and 20% whey
protein) and lactose, but not calcium (32). No significant differences in blood lipidfaueick
between cheese and milk. However, despite the addition of lactose and milk fardbe butter

diet, butter caused significantly higher LDL-cholesterol and borderline highechatigsterol
concentrations compared to cheese whereas milk was intermediate and ficastiyndifferent to
cheese and butter. Likewise, another study compared cheese to butter + casein and famd a low
total cholesterol and a borderline lower LDL-cholesterol concentration adtehtese diet
compared to the butter + casein diet (33). These studies suggest that prbtacicme are not the

determinants of the difference between cheese and butter on blood lipids.

3.4. Intervention studies comparing effects of different dairy products on blood lipids,

without controlling for dietary factors

Different types of dairy products as whole foods have also been compared in a number of
intervention studies, illustrating the impact of these foods in the actualtiesnate consumed

by the population.

Several studies with free-living or highly controlledi-diet designs, have shown that intake of
cheese results in a lower LDL-cholesterol compavedtake of butter (2,34,35). These findings were
substantiated by a recent meta-analysis of randoro@adolled trials (36)Kigure 1). The trials
suggest that fat consumed in isolation (butter)ehdidferent effect to fat delivered in the cheese

matrix, and supports a dairy matrix effect. Onehefintervention studies also proposed that
The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2
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cheese did not increase LDL-cholesterol concentration compared to a haieitwath a lower
saturated fat content (2). One of the intervention studies in addition to butter andatbeese
included a milk comparison (34). In this study, cheese and milk were consumed in amounts
providing similar amounts of fat, protein, and calcium. Compared to the butter-atietyoh
which protein and fat, but not calcium, were balanced to that of the cheese ancktajlkath
cheese and milk attenuated the increase in LDL-cholesterol comparecdeto Dhoits supports an
impact of dairy calcium on LDL-cholesterol response, whereas fermentation doesmadbsbe
involved because cheese is fermented but milk is not. It may be important ttetehd €alcium
are embedded in the same food matrix, and that a similar effect cannbidveddy simply
adding calcium to a diet with butter. A study in pigs showed that regular-fatechas a HDL-
cholesterol increasing effect compared butter, whereas this effect was not fduadedticed-fat
cheese + butter matching the milk-fat content of the regular-fat c{@8sé\ tendency to an
increased HDL-cholesterol by regular-fat cheese compared to reduceddae ctvithout
adjustments for fat or energy intake, was also shown in a larger study in humans (38). However,
there was no difference in LDL-cholesterol concentration after intake ofghkreand reduced-
fat cheese, despite a higher saturated fat intake with the regular-fae chaeggesting a
moderation of the saturated fat within the regular-fat cheese matrix.

The effect of cheese and full-fat yogurt supplementation on blood lipids was alparednm a
large parallel multi-center study (39). Despite slightly higher energy andrmailatakes with

the yogurt compared to the cheese, the two dairy products did not affect the fitbpdofile
differently.

Furthermore, a study compared the effect of 2-weslke of buttermilk (rich in MFGM), or of a
larger intake of skimmed milk (providing similar aomt of fat as the buttermilk), with intake of

butter (low in MFGM) on blood lipid response (48)though only few details were given, authors
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335 reported that a smaller intake of buttermilk wasadly efficient as a larger intake of skimmed milk
336 In lowering total cholesterol, while butter intakereased total cholesterol. A more recent study
337 Investigated 12-weeks intake of traditionally proeld buttermilk (rich in MFGM) compared to

33g  Sskimmed milk (low in MFGM) in diets supplemented wir without lutein-enriched egg yolk. Egg
339 Yyolk consumption significantly increased total clstéeol and LDL-cholesterol concentrations.

390 Buttermilk consumption did not prevent the totall &bL-cholesterol raising effect of egg yolk

341 consumption compared to skimmed milk consumptitthpagh there was a tendency to a lower
342 total-cholesterol (41). In the two studies presgntalcium, found in both buttermilk and skimmed
343 milk, may have attenuated the blood lipid resp@ites consumption, whereas this would not apply
344 to butter consumption. Hence, the dairy matrix metgnine the impact size of the MFGM content.
345 Nevertheless, the studies suggest a potential fohe dFGM in regulation of blood cholesterol

346 balance.

347 3.5. How dairy matrix components interfere with the assumed effect of saturated fat on

34g lipid metabolism

349 Calcium, phosphorus, MFGM, and starter cultures (in the fermented dairy types), are all dairy
350 constituents suggested to contribute to modify blood lipid response to SFA intakeoddthéit
351 response is presumably attenuated by decreasing intestinal fat absorption acid keleyaling or
352 by modulation of gut microbiota or alteration of gene expression.

353 3.5.1. Lowering of fat digestibility by dairy constituents

354 A reduced intestinal absorption of fat from dairy products nateicium, phosphorus, and MFGM
355 (such as cheese) has been demonstrated by an increasecdetadrexcfeces (34,424) and a

356 reduced plasma chylomicron TAG concentration in the postprandial(88). Differences within
357 the dairy matrix may, however, influence this; a study in pigs showegharecal energy

358 excretion on a diet with regular-fat cheese compared td svidiebutter, whereas a diet with
The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2
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reduced-fat cheese + butter caused a non-significant intermedipbase (37). Furthermore,
study in humans examining equally high intakes of reduced-fat and regulardaécfeind no
difference in body weight between groups after 3 months intake, despite a higher eadryy int
with the regular-fat cheese (38). These studies are suggestive of an enhandatidrcadtion
with regular-fat cheese, thus supporting a dairy matrix effect.

3.5.1.1. Lowering of fat digestibility by calcium and phosphate
Two mechanisms for calcium, underlying a reduced intestinal fat absorptiodaifieintake,
have been suggested. The first mechanism is precipitation of calcium arattireids as largely
insoluble calcium-fatty acid soaps. The second mechanism is precipitatidoiofrcand
phosphate in insoluble amorphous calcium phosphate, which adsorb bile acids and possibly also
fatty acids to the surface and hence increases fecal bile acid ardrédiom (45-48).In vitro and
in vivo, saponification was suggested to increase with increasing fadtgatciration and chain
length (45,49). However, a study in humans showed significantly higher fecal excretibfaty al
acid groups (SFA, MUFA, and PUFA) on a high-calcium diet (with low-fat dairy) compared to a
low-calcium diet (50). Also, when fecal excretions of fatty acids were exprassgercentages of
intake, the difference between diets was greater for MUFA than for SFA. ThexXecztian of
fatty acids probably depends on the location of the fatty acids on the glycerol backlattg, as
acids in the sn-1 and sn-3 position are released by lipase (51) and are, there®seisceptible
to binding by calcium than fatty acids in the sn-2 position. The increaseairfdeexcretion by
dairy calcium has been shown in several (34,43,5842 but not all studies (2,55). A study by
Weaver et al. (2011) found that the change in fecal calcium excretion (by dairy products or a
supplement) predicted the change in fecal fat excretion as the fraction mttke2 However, this
did not affect energy balance (55), which was believed to be influenced by excretioniaealc

fatty acid soaps mostly in infants (56).
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3g3 The methods used for extracting fat vary between sutid may result in more or less absolute fat
3g4  extraction from the feces samples. Also, it is intgnat that fecal fat excretion is expressed as

3g5  absolute amount (g/d) instead of concentratioede$, because feces volume varies within and
3gg between subjects. In addition, the studies whiate lthemically characterized the chemical form of
g7 fecal calcium are few and of older date. Hencegtieea need for new in vivo studies with chemical
3gg Characterization of the calcium-fatty acid soap$ @morphous calcium phosphate compounds,

3gg preferably focusing on the ratios of which fat, calciamg phosphate appear in whole dairy foods.

390 3.5.1.2. Lowering of cholesterol absorption by the MFGM

391 A study in mice has proposed a mechanism for the MFGM redintegjinal cholesterol

392 absorption after dairy intake based on inhibition of cholesterol micellar solubilityl{»@s

393 demonstrated in vitro that in the presence of buttermilk, the micellar Bylabicholesterol was
394 reduced, probably due to the presence of sphingomyelin in buttermilk MFGM fragments (58).
395 Because sphingomyelin is not completely hydrolyzed in the human small intestine, s

396 Sphingomyelin-cholesterol complexes suggests a potential cholesterol mipsiarpting ability

397 of the MFGM (59), however, such an effect was not confirmed in a study in humans measuring
398 surrogate markers of intestinal fat absorption (60).

399  3.5.2. Link between fat digestibility and blood lipid response

app  There is evidence of a connection between an increasdddieeacretion and an attenuated blood
401 lipid response after intake of dairy products rich in calcium, pitte and MFGM. An intervention
402 Study in humans showed a strong correlation between fecal fatie@ed changes in total and
ap3 LDL-cholesterol after intake of diets with cheese or miliknpared to a diet with buttefFigure 2)

apa (34). Also, a cross-over study in humans, examining four full-diets wittbmations of low-

405 calcium or high-calcium and low-fat or high-fat, found that tsponse in LDL- and HDL-

aps cholesterol depended on the saturated fat content of the digharonly the LDL-cholesterol
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response was attenuated by a simultaneous high dietary calcium intake (61). As the @hosphat
content of the diets in this study were also high on the high-calcium dietsvaiod the low-
calcium diets, phosphate may have contributed to the attenuation of LDL-ehalleSalcium
phosphate was previously shown to increase fecal bile acid excretion and reduchdl&dterol
(62). This effect was presumably due to a decreased enterohepatic bilecatadicir and a
consequently increased hepatic de novo bile acids synthesis from its predwiestecol. This
may have led to an upregulation of the hepatic LDL-receptor expression and an indesasede
of LDL-cholesterol from the circulation. Hence, amorphous calcium phosphatenfiusnce

blood lipids through fecal bile acid excretion.

3.5.3. Regulation of blood lipid response by the MFGM and milkphalgpids

It is still unclear whether or not the MFGM (intacbund the native milk fat globules or asefr
released fragments) affects the fecal fat excretidrumans. Some studies suggest that the MFGM
could reduce or prevent an increase in fasting ¢bialesterol, LDL-cholesterol and triglycerides
(TG) caused by SFA intake (60,63,64). In one studytermoilk-powder formulation (rich in

MFGM fragments) significantly reduced fasting totablgsterol and TG compared with a placebo
powder formulation, whereas the reduction in LDL{elsterol was only borderline significant, and
strongest in subjects with a high baseline LDL-c$i@lml concentration (60). The changes in
concentrations of LDL-cholesterol and TGs were notatated, suggesting different metabolic
pathways of regulation. In addition, the buttermilknfala was found to increase plasma lathosterol
concentrations, a surrogate marker of endogenouestbml synthesis. In another randomized iso-
energetic study, 8-weeks intake of whipping cream {richtact MFGM) did not raise plasma
cholesterol in overweight adults compared to intafikdeutter oil (emulsified fat depleted of MFGM)
which markedly raised LDL-cholesterol (63). Moreowehjpping cream intake differentially

regulated nineteen genes and most of the changesi@expression were correlated with the
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changes in blood lipids. The effects of formulatedksienriched with milk-phospholipids as
MFGM concentrates from buttermilk, compared withentphospholipid sources on blood lipids
have also been investigated in two studies. A pasdildy tested a drink formulated from buttermilk
concentrate, hereby enriched in sphingoli2#$s of MFGM polar lipids in cows’ milk), compared
to a drink formulated with skimmed milk enriched wigg-phospholipid and butter oil (64). No
significant difference in blood lipids was found beem groups. Another study, included two trials
investigating 8 weeks intake of milk-phospholipids)(@gmpared to milk-fat and to soya-
phospholipids on lipid metabolism and other risktdas for CVD (65). In the first trial, subjects
consumed milk enriched with either 2 g milk-phospids from a buttermilk concentrate or 2 g
milk-fat for 8 weeks. In the second trial, subjects corglimilk enriched with either 3 g milk-
phospholipids from the same buttermilk concentra®® g soya-phospholipids for 7 weeks. Milk-
phospholipid did not affect plasma lipids, insudemsitivity, or inflammatory markers in the two
trials. In summary, based on these few studies, teetsfbf formulated drinks enriched with MFGM
through buttermilk concentrate appears to be lessopinced than the effect of intact MFGM,
provided by buttermilk, cream, or cheese, which suppostronger effect of whole dairy i.e. the
dairy matrix compared to its isolated or reformulatenstituents. The mechanisms induced by the
MFGM are unclear and deserves further investigationgright be associated with a decrease in
intestinal cholesterol absorption and/or the regaiaof expression of genes.

3.5.4. Regulation of blood lipid response by dairy matrix feratent

Intake of fermented dairy products has been shown t® &&eneficial effect on blood lipid
concentrations. This may be due to fermented daigyats favoring a gut microbiota with a
specific production of SCFA (66). The SCFAs are rapatisorbed by the colon and metabolized in
the liver and an altered production ratio of SCFAsyimfluence the blood lipid balance, as serum

acetate: propionate ratio has been associatedeiitim total and LDL-cholesterol concentrations
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(67-69). A metabolomics investigation of a study comparing milk, cheese or butter intake showed
that both cheese and milk intake increased levels of fecal SCFAs (70). $fligcitlieese intake
increased fecal butyrate, propionate, and malonate concentrations and decrehsedttge and
glycerol concentrations. Furthermore, there were significant correlationedretecal propionate
and butyrate levels and LDL-cholesterol concentrations. This indicates thatalasumption and
especially cheese, increases fecal SCFA levels or alters production ratisepfatie this is likely
a result of modification of the gut microbiota. Low- and high-fat fermented dairy mayveaha
similar impact on gut microbiota. A previous study in pigs pointed towards distindseffec
reduced-fat cheese and regular-fat cheese on gut microbiota in dietguatimelk-fat (37).
Regular-fat cheese caused a lower Firmicutes to Bacterordétgsand compared to a butter-
control the changes in the relative abundance of more bacterial genera were feuintbat of

the regular-fat cheese e.g. a higher abundance of Lactobacillus andh&steitli

3.6. Studies comparing similar dairy products with different structures or textures on digestion

and absorption kinetics, appetite sensations and muscle protein synthesis

In addition to the nutrient matrix, the physicalistures and textures of dairy products could
influence the health effects of different types afydbods. Only a few studies have compared
different structures or textures of dairy productseiation to absorption kinetics and appetite. A
study investigated the effects of a semi-solid yogu8 (87 drinkable yogurt (378 g), dairy beverage
(400 mL), and fruit drink (400 mL), matched for palaligband energy content, on subjective
appetite sensations (71). The semi-solid and ligagurts resulted in reduced hunger and increased
feelings of fullness compared with the dairy beveragkfauit drink. However, subsequent food
intake did not differ after intake of the beverag®&sother study, comparing two iso-energetic meals
with a liquid structure or a semi-solid structifoeindalonger gastric emptying time and a prolonged

satiety response after the semi-solid meal (grdtedse and low-fat yogurt)



The American Journal of Clinical Nutrition AJCN/2016/151548 Version 2

24

479 (6). These studies suggest a prolonged satiety response after intake of a semirgahidtda and
480 yogurt compared to a liquid dairy matrix.

481 Acid and rennet gels of dairy products with identical composition have been shown to exhibi
ag2 Mmajor differences in the protein digestion kinetics and amino acid bioavigylabipigs (72). A

483 rennet gel produced with heat-treated milk showed prolonged residence time in trehstoma

484 compared to an acid gel or a stirred acid gel. Also, the rennet gel causedrsleas of milk

485 proteins in the duodenum. A delayed gastric emptying was also seen after intagarof y

ag6s compared to intake of milk (73), and yogurt was shown to lower and prolong the jejunal release of
487 protein (74). Furthermore, different dairy matrix structures were found to impact the number of
488 identified peptides released, with rennet gels inducing two and three teagef@ides than milk
ag9 and acid gels, respectively (75). This is consistent with the delayed protestiatigenetics

400 /amino acid absorption observed with rennet gels.

491 The dairy proteins, i.e. casein and whey are foordifferent ratios and levels in dairy foods (Table
492 2) and these proteins were shown to cause a diptastprandial release of peptides. Medium-size
493 peptides (7501050 kDa) were released during 6h after casein tiogesvhereas larger peptides

494 (1050-1800 kDa) were released during the first 3h afterydretein ingestion (76). In the

495 jejunum, twice as many peptides were detected equiesiced after casein ingestion compared with
496 Whey protein ingestion, and accordingly -casein wasvaho be the most important precursor of
497 peptides. An acute study in humans, in which thesprattio in the yogurt matrix was manipulated
498 towards a higher whey protein content, decreaseskguient ad libitum energy intake compared to
499 yogurt with lower whey and higher casein content (Ao, a study in a murine model revealed a
so0  lower body weight gain for mice fed whey protein as parad with casein (78). Metabolomics

sp1  Studies in both animals and humans suggest thisaaésult of whey protein affecting endogenous

502  metabolism through the Krebs cycle (78,79). Therettvebalance between casein and whey
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proteins in dairy products may be important foirtbeerall effect on body weight, through
mechanisms involving appetite regulation and endoge energy metabolism. A high protein
digestion rate is necessary in the elderly to irdurotein metabolism and prevent age-related
sarcopenia, because of an age-related higher thdesin inducement of an anabolic stimulus by
plasma amino acids (80). The anabolic threshdlwhisr among younger adults, and therefore the
protein kinetics may be less important in this gafon group, with the exception of elite athletes
who have higher substrate requirements. Even sfiffalifences in protein digestion rate, may be
sufficient to affect postprandial protein metabwli@1). For dairy products, pasteurization (@2
for 20 seconds) does not seem to affect protegstimn rate, whereas ultra-high temperature
(UHT) treatment (14T for 5 seconds) increased digestion rate (82)|attex is probably
explained by heat-induced interactions with theyytr@tein (mainly -lactoglobulin) with

subsequent partial dissociation of the casein taikel

Homogenization strongly modifies the structure dkrfat globules, and therefore the metabolic
impact of consumption of homogenized dairy prodhets been questioned (83). The effect of
homogenization on the lipid absorption kinetics matsyet been investigated in vivo, but was
investigated in vitro using nutrient-matched forajlone based on raw milk and one based on
homogenized milk (84). An increased postprandiebse of free fatty acids during in vitro gastric
digestion was observed with the homogenized forniies was explained with the homogenized
formula having a smaller lipid particle size witftieased relative surface area, making the lipids
more accessible for lipases. Finally, differencefai droplet interface composition (proteins vs

MFGM) was also suggested to impact the digestinatids of differently processed milk (85).

In summary, the micro- and macro-structures of thieydaatrix may influence the metabolic
response after consumption. Therefore, differemy aaatrix structures should be taken into

consideration, in addition to the content of bioactomponents, when evaluating the nutritional
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properties of whole dairy foods. As different dairy structures may provide a better fit foetiey di
needs of individual population groups, this should be further investigated and included when re-
evaluating current dietary guidelines. For instance, elite athletes aeldi¢énly may be given the
advantage of a high and efficient nutrient release rate whereas obese or gdexlsetic may

benefit from a lower nutrient release rate.

3.7. How the matrix of fermented dairy may affect insulin sensitivity

It has been suggested that different protein sources (i.e. dairy, meat, fish, egg, ahdugant
differently associated with risk of T2D (86). Among dairy products, yogurt and cheesdduolpart

are associated with lower risk of T2D (18,87). This suggests that in addition to the protein and
mineral content, other bioactive factors in fermented dairy products may infli2Bcesk.

Ripened dairy products contain branched chain amino acids and milk-derived pepiidie$cohs

the antihypertensive effect of milk-derived peptides, these may alsoddegdvn regulation of
insulinaemia and in stimulation of the satiety response (88). The bioactiveégsept amino acids
produced during cheese ripening were recently shown to improve insulin sensitivitglacel re
circulating free fatty acids in pigs (52). In humans, postprandial increments in braheled c

amino acids from whey (i.e. leucine, valine, and isoleucine) was found to correlate with
postprandial insulin response, and insulin responses to correlate with glucose-dependent
insulinotropic polypeptide (GIP) concentrations (89). Furthermore, a cross-over study showed that
6 months intake of 4 daily servings of low-fat milk and yogurt reduced fasting glasuoiin by

9% and reduced insulin resistance by 11% in overweight and obese adults compared to a 6-month

low-dairy control period (90).

Finally, stimulation of a beneficial gut microbiota, after intake of probiotias deen suggested

to modulate gut function through regulation of the immune system (91). This has also been
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Owing to a low number of studies in humans in this field, more research on fermented

dairy products and glucose homeostasis are needed.

4. CONCLUSIONS
Evidence to date indicates the dairy matrix hasiipdeneficial effects on health, as the metaboli

impact of whole dairy on body weight, cardiometabolic diseakeaisl bone health differ to that of
single dairy constituents. Also, different types of dairy prodymgyseem to be distinctly linked to
various health effects and disease risk markers. In additferedt processing methods and

dairy structures can enhance interactions in the dairy matrix, thereby modifgingetabolic
effects of dairy consumption. The nutritional value of dairy products should therefore be
considered as the biofunctionality of the sum of nutrients within the dairy matrctuises. Hence,
there is a need for further research on health effects of whole dairy foods alohgsiuz
traditional approach of studying the health effects of single nutrients. Such reseatdtelp to
support dietary guidelines considering the effect of whole foods on health, rather thaoysistg

on a few individual nutrients within a food.
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7. TABLES
Table 1. Identified gaps in the existing knowledge and future resegrektions

Epidemiology

- How should high-fat and low-fat dairy foods béided? Does it make sense to pool low-fat and fiégttairy products when
considering the differences in active componentssaructures between various types of dairy prafuct

- Epidemiological studies should recognize thakmjbgurt, cheese, butter and cream are each ufiigo¢her ways apart fro

their fat content) and hence should be studiedrdougly.

- Heterogeneity in observational studies need®tthbroughly addressed in the analysis of futurdies e.g. by stratification. Intake
amounts, types and fortification practices varyeen nations, genders and age groups, and geaeitition may also exist. -
Analysis based on observational data from whickagefoods are substituted with others is a newpboinising approach. More of
such studies are warranted in order to determi@@ptimal diet composition for disease preventidéowever, analyses of substitution
of dairy fat with other fats should be supplemerigdnalyses replacing different types of dairyd®aith other relevant foods (e.g.
replacement of cheese for plant oil is not a réaldietary choice from a food perspective).

- To what extent is the intake of dairy productearker of overall healthier or unhealthier dietd &festyles?

- What are the facilitators and barriers to dairyduct consumption in different age groups?

Bone health

- Protein requirements in children are extrapolatethfnitrogen balance studies in adults. Should lmarteome measures be used to
set protein requirements in children?

- Is the amino acid composition of protein impottembone health? Is there an optimal amino acidpmsition for bone

remodeling?

- Does fermentation of dairy products have an ihpadone, and if so, what are the mechanisms?

Protein functionality

- More data are needed on protein ileal digestybdftdairy products as well as other protein sosirce

- Is there an optimal protein source for the eldarid does it differ from that of the younger p@jtiain?

- How can the anabolic protein threshold consistdyg achieved in elderly? Is a certain intake roft@in in each meal required for
an optimal muscle protein synthesis? Should praggommendations for elderly be increased duedditgher anabolic threshold?
- Proteins are essential for growth, but some aragids can also act as signals and stimulate ptioduaf other compounds, like
IGF-1. It is still unknown whether or not the endoe functions of protein are affected by the dangtrix.

- It is uncertain whether or not identified bioaetpeptides from dairy can be absorbed into thedintact, and whether or not these
have a sufficiently long half-life to exert metaioaffects.

- Quantitative data on bioactive peptide releagendudigestion are lacking.

- Do dairy protein types or dairy processing califferent effects on the gut microbiota compositeomd activity?

Fat functionality

-Does it matter whether the membrane of the MFGMsaugited, or is the presence of phospholipids theraénant for the
metabolic effect of the MFGM? Could a potential diéfiece be explained by the intrinsic proteins/enzy/ofehe MFGM?

- Could MFGM be involved in the metabolic programmaignfants?

- What is the metabolic importance of the milk fettile structure (homogenized vs. non-homogenizidd fat)?

- RCT’s in humans confirming the suggested specific effect of fermented dairy on insulin sensitivity remains to be conducted.

What is the impact on health of a liquid and solatesof dairy fat e.g. melted vs solid cheese?

- What is the precise role of calcium in the reduieedligestion? Fecal calcium-fatty acid soaps s¢ede chemically confirmed.

- What is the role of dairy as bile acid sequessiastphosphate responsible for the increasedbitkexcretion, and is there a dose
response effect?

- Studies with free-living designs often find loweffect sizes than studies with a highly controlesign. It has to be clarified if the
effects of the various mechanisms have a magnttugepose an effect in whole diet setting?

- What is the role of fat in different dairy-matricen regulation of non-lipid cardiometabolic risknkers e.g. inflammation and
oxidative stress.

- Can metabolomics and lipidomics approaches be tasexplain unknown metabolic pathways of actigrvérious dairy matrices?

Digestion kinetics

- The structure a food adopts in the stomach isngisd to understand its digestion behavior. Ndtigently research hasden
conducted on the gastric residence time and postfaiaresponses to different dairy matrices.

- The postprandial kinetics after cheese intake likaly depend on the coagulation method used duchreese processing. It should
be investigated whether cheese produced solelgidifiaation (e.g. cream cheese) or rennet (moseshks) affects digestion kinetics
and appetite differently. Also, it should be invgated if the postprandial kinetics after intakesoft and hard cheese or after intake
of cheeses produced with different ripening mettuitfers.

- More research is needed on effects of dairy psicgs.g. UHT and cooking, on digestion kinetics.




Table 2. Bioactive components and supramolecular struciardiferent dairy products

Calcium  Phosphorus MFGM? Protein® Fermented Fat structure* Protein network
(mg/100 (mg/100 g) (mg/1009)  (9/100 g, type)
9
Cheese® (25% fat) 659 510 150 23.2, casein yes MFG/ aggregates/ free fat Solid/ viscoelastic
Milk (skimmed, 0,5% 124 97 15 3.5, whey/casein no Tiny native MFG/ Liquid
fat) potential MFGM fragments
Milk (whole, 3.5% fat) 116 93 35 3.4, whey/casein no Native MFG or homogenized milk fa Liquid
droplets/ potential MFGM fragments
Yoghurt (1.5% fat) 136 99 15 4.1, whey/casein yes Tiny native MFG/ Gell viscoelastic
potential MFGM fragments
Cream (38% fat) 67 57 200 2,- no Native MFG or homogenized milk fa Liquid
droplets/ potential MFGM fragments
Butter 15 24 - <1l- nolye§ Continuous fat phase (watir-oil -

emulsion)/ MFGM residue traces

Abbreviations: MFG, Milk fat globules; MFGM, Milk fat ghule membranéapproximate amount&ased on Dewettinck et al. (2008)(11) and Conwa.et
(2014)(92) 2according to food composition tables from The TeéchliUniversity of Denmark (93fpased on Michalski et al. (2009)(94) and Michalskilet a
(2013)(56) 2semi-hard Danbo typéDepends on the production method used. With IndBaaibgical Acidification (IBA) starter culture isdded to the butter after

churning.
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8. FIGURE LEGENDS

Figure 1: Reprinted from de Goede et al. (2015) (36). Forest plot from meta-analysis of
intervention studies comparing effects of cheese vs. butter consumption on pisma
cholesterol levels. Data shown include the author names, year of publicatibve rd&s (RRs),
95% confidence intervals (95% CIs), and weight to the overall meta-analysis. faaifjcsRRs
and 95% Cls are represented as shaded squares. The area of the squares is withitl thetavera
analysis. The diamond represents the pooled RR and the 95%r@icates the percentage of
heterogeneity due to between-study variation. Abbreviations: LDL-C, LDL cbod&sCl,

Confidence Intervals; RR, Relative Risk.

Figure 2: Reprinted from Soerensen et al. (2014) (34). Correlations (95% CIs) between changes
in LDL-C and fecal fat excretion during the butter-control (black), milk (open), ande(gey)

periods (R =0.163, P = 0.002) (n = 15). Abbreviations: LDL-C, LDL-cholesterol.
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Figure 1
Author Year Mean Difference % Weight
(95% CI)
1
1
A
Tholstrup 2004 - -0.21 (-0.41, -0.01) 14.90
i
:
Biong 2004 —_4— -0.22 (-0.39, -0.05) 19.76
i
I
Hjerpsted 2011 —O—J -0.21 (-0.31, -0.11) 62.04
-
A
Soerensen 2014 -—0—-:—- ~0.38 (~0.80, 0.04) 3.31
]
Overall @ =0.22 (-0.29, -0.14) 100.00
(I-squared = 0.0%, p = 0.898) v
1
1
1
1
NOTE: Weights are from random effects analysis :
H
I I I I
-1 0 1

Favours cheese Favours buiter

Pooled change of LDL-cholesterol (mmol/l)




