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e The yoghurt matrix describes the unique structure of yoghurt, its components, and how
they interact, and how this impacts potential health effects upon consumption.

e Yoghurt consumption has consistently been linked with a lower risk of type 2 diabetes.

e The yoghurt matrix benefits gut health. Yoghurt, containing lactose, defies expectations as
lactose-intolerant individuals often experience no discomfort after consumption.

e Fermented dairy foods, like yoghurt, can enhance the absorption of nutrients.

Factsheet series summary

Nowadays, nutrition research focuses on the holistic impact of whole foods on health. This entails
the recognition that a food's impact is shaped by the interaction of its components and struc-
ture, going beyond the sum of its individual nutrients (i.e., food matrix effect). This factsheet se-
ries delves into the emerging body of research on the dairy matrix, reshaping current nutritional
and health perspectives. Dairy foods have different matrices that result in distinct matrix effects.

What is the yoghurt matrix?

The yoghurt matrix describes the unique structure of yoghurt, its nutrient and non-nutrient
components, and how they interact (International Dairy Federation, 2023). In yoghurt, proteins
create a gel-like network, interspersed with fats, minerals, bacteria, and fermentation products
like peptides. Different processes and ingredients in yoghurt-making result in different types of
yoghurt (e.g., set, stirred, drinking yoghurt) with different matrices (Farag et al., 2022). Yoghurt is
formed by lactic acid fermentation. In order to meet the Codex Alimentarius standard, yoghurt
must contain two strains of live bacteria, Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus, at a content of at least 10 million total viable bacteria per gramin the final product
(Codex Alimentarius, 2011). The yoghurt matrix affects its nutrient digestibility and bioavailability,
which in turn, impacts physiological responses and health.
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Yoghurt matrix health effects

Yoghurt matrix health effects refer to those that cannot be explained by the components in yoghurt
themselves and presuppose some (unexpected) interaction between individual components or with
the yoghurt structure itself that ultimately results in unanticipated health effects.

Cardiometabolic health

The latest scientific evidence from systematic reviews and meta-analyses of prospective cohort
studies shows neutral or beneficial associations between yoghurt and cardiovascular (CV) and
metabolic health outcomes (see Table 1) (Chen et al.,, 2021; Feng et al., 2022; Jakobsen et al.,, 2021;
Soedamah-Muthu & De Goede, 2018). Additional meta-analyses of prospective studies show that
yoghurt intake is associated with a lower risk of all-cause and CVD mortality (Gao et al., 2020; Tutunchi
etal,, 2023). The analysis of the Netherlands Cohort Study by Goldbohm et al. (2011) found an inverse
association between consumption of fermented full-fat milk (mainly full-fat yoghurt) and all-cause
mortality, whereas low-fat milk fermented products showed no such association. Yoghurt intake has
consistently been shown to be linked with a reduced risk of type 2 diabetes (T2D). This effect has been
shown regardless of the fat content emphasizing that this health effect goes beyond the predicted
effect of fat alone. Prospective cohort studies showed that full-fat yoghurt products were associated
with a lower rate of T2D (Ericson et al., 2015; Ibsen et al.,, 2017). Alvarez-Bueno et al. (2019) reported
that, in all the studies included in their systematic review, yoghurt consumption was associated with
alower risk of T2D. In linear dose-response studies, three out of four studies showed a significant and
inverse association with T2D risk; however, the dose reported varied across studies (50-200 g/d or
0.5-2 servings/d) with a suggested nonlinear association that indicated that consumption of 80-125
g/d was related to an approximately 14% lower T2D risk. A follow-up study (more than 20 years)
of three large prospective cohort studies showed that increasing yoghurt consumption by >0.5
serving/d was associated with an 11% lower T2D risk (Drouin-Chartier et al., 2019).

Furthermore, studies have shown beneficial associations between yoghurt intake and hypertension
as well as body weight management. A 30-year follow-up study of three large cohorts showed that
participants consuming 5 servings/week of yoghurt in comparison to < 1 serving/month presented
19% lower risk of developing hypertension (Buendia et al., 2018). A recent cross-sectional study
reported that, in U.S. adults, eating yoghurt was associated with lower body weight and body mass
index, as well as a 23% lower risk of being overweight or obese (Cifelli et al., 2020). Similarly, a recent
meta-analysis showed that the risk of overweight or obesity decreased by 13% per 50-g/d increment
of yoghurt intake (Feng et al., 2022). Furthermore, the consumption of yoghurt made from whole
milk was associated with changes in waist circumference and higher probability of reversion of
abdominal obesity (Santiago et al., 2016).

The favourable impact of yoghurt on T2D and obesity/overweight might be driven by several
potential mechanisms. Enhanced bioavailability of calcium by fermentation might reduce lipogenesis
and increase lipolysis by the suppression of the formation of 1,25dihydroxyvitamin D (Perna,
2019), and can promote the formation of calcium soaps in the intestine, resulting in increased fat
excretion and reduced fat absorption (Lorenzen & Astrup, 2011). Additionally, yoghurt's fermentation
process catalysed by lactic acid bacteria yields bioactive peptides like isoleucine—proline-proline
and valine-proline-proline, known to inhibit angiotensin-converting enzyme and thus promote
antihypertensive effects (Rubak et al., 2020). Nutrients in yoghurts such as calcium and magnesium
might help the regulation of blood pressure (Kim et al., 2012). Research findings also showed that
bioactive peptides, branched-chain amino acids, and different compositions of -casein improved
blood glucose homeostasis and postprandial insulin response (Mann et al., 2017).
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Taking together the body of evidence consistently shows that yoghurt consumption is associated
with lower risk of T2D, hypertension and obesity.

Table 1.Yoghurt consumption and cardiometabolic health outcomes in dose-response meta-analyses
of cohort studies.

Type 2 Coronary . Overweight
Study Stroke Diabetes heart disease Hypertension or obesity
Feng et al. . .
(2022) Beneficial Neutral Beneficial
Chen et al.
(2021) Neutral Neutral Neutral
Jakobsen et al.
(2021) Neutral Neutral
Soedamah-
Muthu and De | Neutral Beneficial Neutral
Goede (2018)

Beneficial refers to a statistically significant reduced risk. Neutral refers to no statistically significant effect — neither beneficial
nor harmful. Grey cells indicate the parameter was not assessed.

Gut health

Conventional yoghurt cultures have limited viability in the gut and a limited ability to influence the
composition of the gut microbiota. Adults consuming yoghurt with S. thermophilus and L. bulgaricus
had less than 103 CFU/g of these cultures in their feces (del Campo et al.,, 2005). Although yoghurt
cultures have apparently low viability throughout the lower parts of the gastrointestinal tract, more
information is needed about their small intestine viability. Current scientific literature indicates that
conventional yoghurt, even without added probiotics, can still have favourable effects on gut health.
Fermented milks including yoghurt are associated with favourable outcomes in gastrointestinal
health including functional outcomes like lower incidence of bloating, diarrhoea and constipation
(Savaiano & Hutkins, 2020).

Yoghurt itself can efficiently improve lactose digestion by providing active microbial 3-galactosidase
(He et al., 2008). Bacterial lactase, inherent to yoghurts, survives passage through the gastrointestinal
tract which is seen as a unique characteristic of the yoghurt matrix (e.g., buffering capacity) (Savaiano,
2014). The yoghurt matrix acts as a transport vehicle delivering the enzyme lactase (e.g., from lactic
acid bacteria) to digest lactose, mainly in terminal ileum and in the proximal colon, and sufficiently
to prevent symptoms in lactose-intolerant people. This understanding led the European Food Safety
Authority (EFSA) to approve the generic claim that yoghurt cultures promote better lactose digestion
(EFSA Panel on Dietetic Products & Allergies, 2010). We also speculate that the residual lactose, when
entering the colon, acts as a prebiotic fibre (Torres-Gonzalez & Rice Bradley, 2023).
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Bone and musculoskeletal health

Fermented dairy foods, like yoghurt, might enhance nutrient absorption (Rizzoli & Biver, 2018).
This could be due to many different effects that move from the one on gut microflora to the supply
of calciotropic and growth hormones and to their effect on intestinal inflammation, which can
consequently promote bone growth and health (Tu et al., 2021). Moreover, fermentation of milk
creates an acidic environment that facilitates mineral absorption (Shkembi & Huppertz, 2021).

Recent systematic reviews and meta-analyses have shown that consumption of yoghurt is associated
with a lower risk of hip fracture (Bian et al., 2018; Hidayat et al., 2020). However, Hidayat et al. (2020)
highlighted that this could be a confounder effect:“the strongerinverse association observed between
yoghurt consumption and hip fracture risk could be due to the fact that yoghurt consumption is
often associated with healthy lifestyles and dietary patterns that may contribute to improved bone
health”

In relation to musculoskeletal health, differences in food matrices affect the digestion of proteins
differently, which in turn affects postprandial aminoacidemia and subsequent muscle synthesis
responses. Yoghurt led in older adults to a higher increase in postprandial aminoacidemia compared
to milk and cheese (Horstman et al., 2021).

Conclusions

Consistently, epidemiologic studies suggest that yoghurt consumption is linked to reduced risk of
cardiometabolic diseases, particularly T2D. Randomised controlled trials and mechanistic studies
are warranted to unravel the causal mechanisms. The distinct effects reported about different dairy
products beyond their nutrient composition suggest that the yoghurt matrix may play an important
role in potentiating the health benefits of its nutrients. Yoghurt is a nutrient-rich fermented dairy
product that plays a crucial role in a healthy diet and lifestyle, deserving promotion in food-based
dietary guidelines.

Acknowledgments

This factsheet was prepared under the leadership of members of the IDF Standing Committee on
Nutrition and Health.

\(\\ernat/()/]
<,

www.fil-idf.or
g Factsheet of the IDF N° 35/2023




References

Alvarez-Bueno, C., Cavero-Redondo, I., Martinez-Vizcaino, V., Sotos-Prieto, M., Ruiz, J. R, & Gil, A.
(2019). Effects of Milk and Dairy Product Consumption on Type 2 Diabetes: Overview of
Systematic Reviews and Meta-Analyses. Advances in Nutrition, 10(suppl_2), S154-S163.
https://doi.org/10.1093/advances/nmy107

Bian, S., Hu, J,, Zhang, K., Wang, Y., Yu, M., & Ma, J. (2018). Dairy product consumption and risk
of hip fracture: a systematic review and meta-analysis. BMC public health, 18(1), 165.
https://doi.org/10.1186/512889-018-5041-5

Buendia, J. R, Li, Y., Hu, F. B,, Cabral, H. J., Bradlee, M. L., Quatromoni, P. A, Singer, M. R., Curhan,
G.C,, & Moore, L. L. (2018). Long-term yogurt consumption and risk of incident
hypertension in adults. Journal of Hypertension, 36(8), 1671-1679.
https://doi.org/10.1097/hjh.0000000000001737

Chen, Z.,, Ahmed, M., Ha, V., Jefferson, K., Malik, V., Ribeiro, P. A. B., Zuchinali, P,, & Drouin-Chartier, J.
P. (2021). Dairy Product Consumption and Cardiovascular Health: a Systematic Review
and Meta-Analysis of Prospective Cohort Studies. Adv Nutr, 13(2), 439-454.
https://doi.org/10.1093/advances/nmab118

Cifelli, C. J., Agarwal, S., & Fulgoni, V. L., 3rd. (2020). Association of Yogurt Consumption with Nutrient
Intakes, Nutrient Adequacy, and Diet Quality in American Children and Adults. Nutrients,
12(11). https://doi.org/10.3390/nu12113435

Codex Alimentarius. (2011). Milk and milk products. https://www.fao.org/3/i2085e/i2085e00.pdf

del Campo, R., Bravo, D., Cantén, R., Ruiz-Garbajosa, P, Garcia-Albiach, R., Montesi-Libois, A., Yuste,
F. )., Abraira, V., & Baquero, F. (2005). Scarce evidence of yogurt lactic acid bacteria in human
feces after daily yogurt consumption by healthy volunteers. Appl Environ Microbiol, 71(1),
547-549. https://doi.org/10.1128/aem.71.1.547-549.2005

Drouin-Chartier, J.-P, Li, Y., Ardisson Korat, A. V., Ding, M., Lamarche, B., Manson, J. E., Rimm, E. B,,
Willett, W. C., & Hu, F. B. (2019). Changes in dairy product consumption and risk of type 2
diabetes: results from 3 large prospective cohorts of US men and women. The American
Journal of Clinical Nutrition, 110(5), 1201-1212. https://doi.org/10.1093/ajcn/ngz180

Ericson, U., Hellstrand, S., Brunkwall, L., Schulz, C. A., Sonestedt, E., Wallstrom, P,, Gullberg, B., Wirfalt,
E., & Orho-Melander, M. (2015). Food sources of fat may clarify the inconsistent role of
dietary fat intake for incidence of type 2 diabetes. Am J Clin Nutr, 101(5), 1065-1080.
https://doi.org/10.3945/ajcn.114.103010

Farag, M. A,, Saleh, H. A., El Ahmady, S., & Elmassry, M. M. (2022). Dissecting Yogurt: the Impact
of Milk Types, Probiotics, and Selected Additives on Yogurt Quality. Food Reviews
International, 38(sup1), 634-650. https://doi.org/10.1080/87559129.2021.1877301

Feng, Y. Zhao, Y, Liu, J., Huang, Z,, Yang, X., Qin, P, Chen, C,, Luo, X,, Li, Y., Wu, Y., Li, X., Huang, H.,
Hu, F, Hu, D, Liu, Y., & Zhang, M. (2022). Consumption of Dairy Products and the Risk of
Overweight or Obesity, Hypertension, and Type 2 Diabetes Mellitus: A Dose-Response Meta-
Analysis and Systematic Review of Cohort Studies. Advances in Nutrition, 13(6), 2165-2179.
https://doi.org/10.1093/ADVANCES/NMACQ96

www.fil-idf.org

Factsheet of the IDF N° 35/2023



https://doi.org/10.1093/advances/nmy107
https://doi.org/10.1186/s12889-018-5041-5
https://doi.org/10.1097/hjh.0000000000001737
https://doi.org/10.1093/advances/nmab118
https://doi.org/10.3390/nu12113435
https://www.fao.org/3/i2085e/i2085e00.pdf
https://doi.org/10.1128/aem.71.1.547-549.2005
https://doi.org/10.1093/ajcn/nqz180
https://doi.org/10.3945/ajcn.114.103010
https://doi.org/10.1080/87559129.2021.1877301
https://doi.org/10.1093/ADVANCES/NMAC096

Gao, X,, Jia, H.-y,, Chen, G.-c,, Li, C.-y., & Hao, M. (2020). Yogurt Intake Reduces All-Cause and
Cardiovascular Disease Mortality: A Meta-Analysis of Eight Prospective Cohort Studies.
Chinese Journal of Integrative Medicine, 26(6), 462-468.
https://doi.org/10.1007/s11655-020-3085-8

Goldbohm, R. A, Chorus, A. M., Galindo Garre, F,, Schouten, L. J., & van den Brandt, P. A. (2011).
Dairy consumption and 10-y total and cardiovascular mortality: a prospective cohort study
in the Netherlands. Am J Clin Nutr, 93(3), 615-627. https://doi.org/10.3945/ajcn.110.000430

Hidayat, K., Du, X, Shi, B. M., & Qin, L. Q. (2020). Systematic review and meta-analysis of the
association between dairy consumption and the risk of hip fracture: critical interpretation
of the currently available evidence. Osteoporosis International, 31(8), 1411-1425.
https://doi.org/10.1007/s00198-020-05383-3

Horstman, A. M. H., Ganzevles, R. A., Kudla, U., Kardinaal, A. F. M., van den Borne, J. J. G. C,,
& Huppertz, T. (2021). Postprandial blood amino acid concentrations in older adults after
consumption of dairy products: The role of the dairy matrix. International Dairy Journal, 113,
104890. https://doi.org/10.1016/j.idairyj.2020.104890

Ibsen, D. B, Laursen, A.S. D,, Lauritzen, L., Tjgnneland, A., Overvad, K., & Jakobsen, M. U. (2017).
Substitutions between dairy product subgroups and risk of type 2 diabetes: the Danish
Diet, Cancer and Health cohort. Br J Nutr, 118(11), 989-997.
https://doi.org/10.1017/s0007114517002896

International Dairy Federation. (2023). Dairy matrix: Understanding its impact on the health effects of
dairy foods (Factsheet of the IDF N° 27/2023). https://doi.org/10.56169/DEIX9744

Jakobsen, M. U., Trolle, E., Outzen, M., Mejborn, H., Grgnberg, M. G., Lyndgaard, C. B., Stockmarr, A.,
Veng, S. K., & Bysted, A. (2021). Intake of dairy products and associations with major
atherosclerotic cardiovascular diseases: a systematic review and meta-analysis of cohort
studies. Scientific Reports, 11(1), 1303. https://doi.org/10.1038/s41598-020-79708-x

Kim, M. H., By, S. Y., & Choi, M. K. (2012). Daily calcium intake and its relation to blood pressure,
blood lipids, and oxidative stress biomarkers in hypertensive and normotensive subjects.
Nutr Res Pract, 6(5), 421-428. https://doi.org/10.4162/nrp.2012.6.5.421

Lorenzen, J. K., & Astrup, A. (2011). Dairy calcium intake modifies responsiveness of fat metabolism
and blood lipids to a high-fat diet. British Journal of Nutrition, 105(12), 1823-1831.
https://doi.org/10.1017/5S0007114510005581

Mann, B., Athira, S., Sharma, R., & Bajaj, R. (2017). Chapter 24 - Bioactive Peptides in Yogurt. In N.
P.Shah (Ed.), Yogurt in Health and Disease Prevention (pp. 411-426). Academic Press.
https://doi.org/10.1016/B978-0-12-805134-4.00024-9

Perna, S. (2019). Is Vitamin D Supplementation Useful for Weight Loss Programs? A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Medicina, 55(7), 368.
https://doi.org/10.3390/medicina55070368

Rizzoli, R., & Biver, E. (2018). Effects of Fermented Milk Products on Bone. Calcif Tissue Int, 102(4), 489-
500. https://doi.org/10.1007/s00223-017-0317-9

Rubak, Y.T., Nuraida, L., Iswantini, D., & Prangdimurti, E. (2020). Angiotensin-l-converting enzyme
inhibitory peptides in milk fermented by indigenous lactic acid bacteria. Vet World, 13(2),
345-353. https://doi.org/10.14202/vetworld.2020.345-353

www.fil-idf.org

Factsheet of the IDF N° 35/2023



https://doi.org/10.1007/s11655-020-3085-8
https://doi.org/10.3945/ajcn.110.000430
https://doi.org/10.1007/s00198-020-05383-3
https://doi.org/10.1016/j.idairyj.2020.104890
https://doi.org/10.1017/s0007114517002896
https://doi.org/10.56169/DEIX9744
https://doi.org/10.1038/s41598-020-79708-x
https://doi.org/10.4162/nrp.2012.6.5.421
https://doi.org/10.1017/S0007114510005581
https://doi.org/10.1016/B978-0-12-805134-4.00024-9
https://doi.org/10.3390/medicina55070368
https://doi.org/10.1007/s00223-017-0317-9
https://doi.org/10.14202/vetworld.2020.345-353

Santiago, S., Sayon-Orea, C,, Babio, N., Ruiz-Canela, M., Marti, A., Corella, D., Estruch, R,, Fit6, M.,
Aros, F, Ros, E., Gbmez-Garcia, E., Fiol, M., Lapetra, J., Serra-Majem, L., Becerra-Tomas,
N., Salas-Salvadé, J., Pinto, X., Schroder, H., & Martinez, J. A. (2016). Yogurt consumption
and abdominal obesity reversion in the PREDIMED study. Nutrition, Metabolism and
Cardiovascular Diseases, 26(6), 468-475. https://doi.org/10.1016/j.numecd.2015.11.012

Savaiano, D. A, & Hutkins, R. W. (2020). Yogurt, cultured fermented milk, and health: a systematic
review. Nutrition Reviews, 79(5), 599-614. https://doi.org/10.1093/nutrit/nuaa013

Shkembi, B., & Huppertz, T. (2021). Calcium Absorption from Food Products: Food Matrix Effects.
Nutrients 2022, Vol. 14, Page 180, 14(1), 180-180. https://doi.org/10.3390/NU14010180

Soedamah-Muthu, S. S., & De Goede, J. (2018). Dairy consumption and cardiometabolic diseases:
systematic review and updated meta-analyses of prospective cohort studies. Current
Nutrition Reports, 7, 171-182. https://doi.org/10.1007/513668-018-0253-y

Torres-Gonzalez, M., & Rice Bradley, B. H. (2023). Whole-Milk Dairy Foods: Biological Mechanisms
Underlying Beneficial Effects on Risk Markers for Cardiometabolic Health. Adv Nutr.
https://doi.org/10.1016/j.advnut.2023.09.001

Tu, Y. Yang, R., Xu, X., & Zhou, X. (2021). The microbiota-gut-bone axis and bone health. Journal of
Leukocyte Biology, 110(3), 525-537. https://doi.org/10.1002/JLB.3MR0321-755R

Tutunchi, H., Naghshi, S., Naemi, M., Naeini, F., & Esmaillzadeh, A. (2023). Yogurt consumption
and risk of mortality from all causes, CVD and cancer: a comprehensive systematic
review and dose-response meta-analysis of cohort studies. Public Health Nutrition, 26(6),
1196-1209. https://doi.org/10.1017/51368980022002385

www.fil-idf.org

Factsheet of the IDF N° 35/2023



https://doi.org/10.1016/j.numecd.2015.11.012
https://doi.org/10.1093/nutrit/nuaa013
https://doi.org/10.3390/NU14010180
https://doi.org/10.1007/s13668-018-0253-y
https://doi.org/10.1016/j.advnut.2023.09.001
https://doi.org/10.1002/JLB.3MR0321-755R
https://doi.org/10.1017/S1368980022002385

