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EFFECTS OF INGESTING MILK FERMENTED BY LACTOCOCCUS
LACTIS H61 ON SKIN PROPERTIES AND HEALTH BIOMARKERS
IN MIDDLE-AGED WOMEN:

A RANDOMIZED, DOUBLE-BLIND STUDY

H. Kimoto-Nira, N. Moriya, K. Sasaki, C. Suzuki

Abstract: Objective: Previously, we showed that ingestion of fermented milk made by only Lactococcus lactis strain H61 (H61-
fermented milk) improves various skin properties in young Japanese women (age, around 20 y). Because the condition of human
skin varies with age, we investigated the effects of H61-fermented milk on skin properties of middle-aged women. Design and
setting: A randomized, double-blind trial in a clinical research setting. Participants: Healthy, middle-aged, female volunteers (n =
23; age: 36-62 y). Intervention: H61-fermented milk (1010 CFU) or conventional yogurt (1010CFU of both Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus thermophilus; a reference food) was given daily for 4 weeks. Measurements: Before and at the end
of the 4-week treatment, we measured skin hydration (inner forearms and cheek) and sebum content (cheek only). In addition,
salivary samples were collected for analysis of immune, stress, and inflammation biomarkers. Self-questionnaires (regarding
skin and general health conditions) were done at week 4. Results: By mechanical analysis, the interventions did not alter the skin
properties of either group. At week 4, self-questionnaire skin scores for elasticity and texture were significantly higher; scores
for darkness tended to be improved in the H61-fermented milk group than the conventional yogurt group. In the general health
condition section, diarrhea was significantly more prevalent in the H61-fermented milk than in the conventional yogurt group. The
intervention did not alter immunoglobulin A, cortisol, a-amylase, and C-reactive protein levels in saliva. Conclusions: According
to self-questionnaires, H61-fermented milk provides beneficial effects on some skin properties of middle-aged women. This
intervention would be useful for increasing the quality of life in an aging population after characterizing the beneficial effect by
mechanical analysis in future study.
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by using aged animals. For example, a Lactobacillus
casei strain Shirota activates immune responses in aged
mice and ameliorates influenza viral infections (1),
and Bifidobacterium- and Lactobacillus-fermented milk
is beneficial in the treatment of inflammatory bowel
disease, possibly via stabilization of mucosal immunity

Introduction

As the elderly population increases, the prevalence
of aging-related, physiologic deterioration will increase;
thus, functional foods that provide health benefits to
control aging and prolong health will likely become more

desirable. In this context, the probiotic properties of lactic
acid bacteria have garnered particular interest. According
to the Food and Agriculture Organization-World Health
Organization, probiotics are «live microorganisms which,
when administered in adequate amounts, confer a health
benefit to the host». Specifically, several reports have
addressed the effect of lactic acid bacteria (including
fermented milk made by probiotic lactic acid bacteria)
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in senescence-accelerated mice (2). Furthermore, a certain
lactic acid bacterium decreases the incidence of infection
in elderly people (3).

Moreover, some compounds may improve aged
skin in healthy people. This is of particular interest
to women, whose quality of life may be affected by
their skin health. According to our previous study in
senescence-accelerated mice, oral administration of heat-
killed Lactococcus lactis subsp. cremoris strain H61 was
associated with suppressed external skin deterioration,
such as skin ulcers and hair loss (4). In our trials using
heat-killed strain H61 on middle-aged (approximately
50s-60s), healthy women, reduction of skin hydration
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(caused by seasonal change) was suppressed (5, 6). Thus,
strain H61 may be useful for an aging society. The strain
H61 has been widely used over the past 50 years in Japan
to produce fermented dairy products; however, the dairy
industry is interested in its effects on skin properties.

Kumagai et al. (7) reported that the physiological
development of the skin reaches a stage of completion
during 20s, and becomes comparatively stable, and
thereafter (from the middle of 30s) gradually descend.
Aged skin has several typical characteristics, including
fine wrinkles, sallowness, and loss of elasticity (8). The
skin of elderly people is generally thought to be dry (9,
10). However, it was reported that adult women (age:
30-48 y) have higher skin hydration (in the cheek and
inner forearm) than their children (age: 10-14 y) (11),
or hydration of normal skin does not differ between
young and elderly women (12). Although there are some
contradictory reports, it is assumed that skin status is
altered with age.

In our previous study, women (approximately 20 y)
consumed fermented milk made with only L. lactis strain
H61 (H61-fermented milk) for 4 weeks; they reported
significantly improved skin status by self-questionnaires
(13) and had increased sebum content in their cheeks
by mechanical analysis (14). In the present study, to
investigate the effects of H61-fermented milk on the
skin properties of older women, we determined their
skin status before and after intake of H61-fermented
milk or conventional yogurt (as a reference) by using
mechanical and self-questionnaire analyses. In addition,
we measured immune (immunoglobulin A), stress
(a-amylase and cortisol), and inflammation (C-reactive
protein) biomarkers in the saliva of our participants to
elucidate factors possibly affecting skin properties.

Materials and methods

Participants and study design

This study was performed between February and
March 2013 as a randomized (two groups), double-blind
application test. Twenty-four women employed at our
Institute, more than 35 y, were recruited by handbill.
Exclusion criteria were pregnancy, breastfeeding,
and routine use of medical products to treat various
metabolic, cardiovascular, or hepatic diseases. One
participant dropped out because she did not meet the
inclusion criteria. Twenty-three middle-aged (age: 3662
y) healthy women were enrolled. The mean ages were
49.7 y and 48.6 y in the H61-fermented milk group (n =
12) and conventional yogurt group (n = 11), respectively;
the age distribution was comparable between these
groups.

The participants were randomly assigned to two
groups according to the skin properties observed at
week 0 and age. The study lasted 4 weeks; at weeks 0
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and 4, we assessed skin parameters and collected saliva
samples for analysis of biomarkers. This study was
conducted according to the guidelines in the Declaration
of Helsinki, and all procedures involving humans were
approved by the ethics committees of the NARO Institute
of Livestock and Grassland Science. All participants
received detailed information about purposes, methods,
expected results, and ethical considerations (including
possible adverse effects relevant to the study) and
submitted a written declaration of consent to participate
in the study. This study was performed at Nishinasuno
in Tochigi prefecture. Participants enrolled the study
were instructed to stable cosmetic application before
and during the study. They were also instructed to have
stable life patterns of outdoor activity and food intake.

Test foods

H61-fermented milk and conventional yogurt were
produced by Japan Agricultural Cooperatives Ibaraki
Mizuho (Hitachiohta, Ibaraki, Japan) every 2 weeks and
distributed to the participants. Both products contained
glucose, fructose, and oligosaccharide; levels of all
nutrients were similar except for the lactic acid bacteria
used. H61-fermented milk was made by using only L.
lactis subsp. cremoris H61 (MAFF 400007; The Genebank
of National Institute of Agrobiological Sciences, Tsukuba,
Japan) at a level of 108 CFU/mL. Conventional yogurt
was made by using both Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus at a level of
108 CFU/mL each as a starter culture (Chr. Hansen,
Hoersholm, Denmark). Both products were packed in
identical containers. Participants consumed 150 mL (1010
CFU level) of either H61-fermented milk or conventional
yogurt daily; this is within the range of most clinical
studies (4 x 108 to 1 x 1011 CFU) (15, 16). They were
also instructed to record in a diary any symptoms
experienced and/or medications taken during the 4-week
intervention; this information was provided for the
evaluation of safety.

The statistician generated a computerized
randomization sequence. Participants and investigators
were unaware of the treatment assignment. In addition,
the evaluator of the results (i.e. statistician) was also
not aware which treatment any particular participants
received. The distribution of the test food was performed
by a person without any practical involvement in the
study and without being aware which is H61-fermented
milk or conventional yogurt.

Mechanical analyses of skin properties

In study participants, we assessed the hydration of the
skin of the right and left inner forearms and the hydration
and sebum content of the lateral angles of the right and
left cheeks. Prior to the measurements, each participant
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washed her cheeks once with identical soap in tap water
and sat quietly for 20 min to equilibrate to the conditions
in the testing room (approximately 20-24°C and 27-39%
relative humidity). Two symmetrical regions of the
cheeks were evaluated. Skin hydration was measured
by using a corneometer (CM 825, Courage and Khazaka
Electronics, Cologne, Germany) (17, 18). The sebum
content was measured by using a Sebumeter SM810
(Courage and Khazaka Electronics) (18). Skin hydration
was measured three times at each location and time
point. Sebum content was measured once per time point.

Self-questionnaire

The self-evaluation questionnaire comprised two
sections: (I) perceptions of skin-specific attributes and
(IT) indictors of general health (6). Specifically, section
I addressed the following skin properties: moisture,
smoothness, oiliness, elasticity, luster, texture, number
and size of pimples, darkness, spots, redness, wrinkles
(forehead, around eyes), sagging (around eyes, around
mouth), ability to retain cosmetics, and apparent hair
follicles. Section II included swelling, oversensitivity
to cold, paleness of skin, dizziness, pain in waist, stiff
neck, headache, hot flash, sweatiness, dryness of throat,
constipation, tension of belly, diarrhea, tiredness,
appetite, ease of falling asleep, physical strength,
psychological strength, irritation, and luster of hair.
Participants evaluated these conditions by responding
to questionnaire items on a 5-point scale (1: the
characteristic was markedly better than that of week 0; 3:

no change in the characteristic; 5: the characteristic was
markedly worse than that of week 0) for each item.

Analysis of biomarkers in saliva

The general status of the participants was evaluated
by saliva analyses at the beginning and end of the 4-week
intervention period. Participants were instructed to
refrain from eating 30 min before saliva sampling. At
weeks 0 and 4, sampling was performed by using an oral
swab (Salimetrics, State College, PA, USA); participants
were sampled at the almost same time of day for both
time points. Participants kept the swabs under their
tongues for 5 min before putting each in a tube. Swabs
were frozen at —20°C and sent for analyses at a certified
clinical laboratory (Funakoshi, Tokyo, Japan). Secretory
immunoglobulin A (s-IgA), cortisol, and C-reactive
protein (CRP) in saliva were analyzed by enzyme-
linked immunosorbent assay by using a commercial kit
(Salimetrics). Alpha-amylase in saliva was measured by
using the Dry Chemistry System (Nypro Corp., Osaka,
Japan) (19), according to the manufacturer’s protocol.

Statistical analysis

Data were expressed as mean or mean with standard
deviation or standard error. For all skin properties
evaluated by using mechanical analysis (at weeks 0 and
4), we calculated and analyzed descriptive statistics by
using a general linear model procedure (SAS version

Table 1
Effects of conventional yogurt and H61-fermented milk intake on various skin parameters of middle-aged women

Inner forearm Cheek
Hydration (A.U.) Hydration (A.U.) Sebum (ug/cm?2)
L R L R L R

Group

Yogurt 36.9(2.2) 40.4 (2.0) 53.9(2.2) 52.3(1.8) 5.40 (3.1) 2.49(0.9)
He1l 385 (2.1) 39.5(1.9) 52.1(2.1) 53.0 (1.7) 5.75 (3.0) 3.21(0.9)
P value 0.604 0.762 0.552 0.796 0.936 0.583
Time point

Before intake 36.7(2.1) 39.6 (1.9) 549 (2.1) 53.6 (1.7) 6.93 (3.0) 2.32(0.9)
After intake 38.6(2.1) 40.3 (1.9) 51.0 (2.1) 51.7 (1.7) 4.23 (3.0) 3.38(0.9)
P value 0.531 0.812 0.206 0.463 0.536 0.416
Group x time point

Yogurt Before 35.8(3.1) 412 (2.8) 57.0 (3.0) 53.5(2.5) 8.85 (4.4) 2.30(1.3)
Yogurt After 38.0(3.1) 39.5(2.8) 50.7 (3.0) 51.2(2.5) 1.95 (4.4) 2.68(1.3)

Heé1 Before 37.6(2.9) 38.0(2.7) 52.8(2.9) 53.7 (2.4) 5.00 (4.2) 2.33(1.3)

Hé61 After 39.3(2.9) 41.0 (2.7) 51.3 (2.9) 52.3 (2.4) 6.50 (4.2) 4.08 (1.3)
P value 0.932 0.401 0.422 0.855 0.340 0.600

A.U., arbitrary units. Values are expressed as least-squares means. Figures in parentheses are standard errors. L, left side. R, right side.
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Table 2
Analysis of self-questionnaires on skin and general health conditions after the intervention

Conventional yogurt H61-fermented milk
Item Mean SD Mean SD P value
Skin condition
Moisture 2.82 0.41 2.50 0.80 0.213
Smoothness 2.82 0.41 2.42 0.67 0.105
Oiliness 3.00 0.45 2.92 0.29 0.599
Elasticity 3.00 0.00 2.67 0.49 0.039
Luster 291 0.30 2.67 0.49 0.168
Texture 3.00 0.00 2.67 0.49 0.039
Pimples (number, size) 3.00 0.45 2.92 0.29 0.599
Darkness 3.00 0.00 2.75 0.45 0.082
Spots (number, size) 3.00 0.00 3.00 0.00 1.000
Redness 291 0.30 2.75 0.45 0.325
Wrinkles (forehead) 3.00 0.00 2.83 0.39 0.166
Wrinkles (around eyes) 2.73 0.65 2.92 0.29 0.462
Sagging (around eyes) 2.82 0.41 2.75 0.45 0.699
Sagging (around mouth) 291 0.30 2.83 0.39 0.598
Ability to retain cosmetics 3.00 0.00 3.00 0.00 1.000
Apparent hair follicles 2.82 0.41 2.83 0.39 0.925
Total skin condition 2.73 0.65 2.50 0.52 0.402
Body condition
Swelling 291 0.70 2.83 0.39 0.402
Oversensitivity to cold 291 0.30 2.83 0.39 0.598
Paleness of skin 291 0.30 2.92 0.29 0.950
Dizziness 2.82 0.41 3.00 0.00 0.131
Pain in waist 3.09 0.30 3.00 0.00 0.296
Stiff neck 3.00 0.00 3.00 0.43 1.000
Headache 291 0.30 2.83 0.58 1.000
Hot flash 291 0.30 3.00 0.00 0.296
Sweatiness 3.00 0.00 3.00 0.00 1.000
Dryness of throat 3.00 0.00 2.83 0.58 0.338
Constipation 3.00 0.63 2.58 1.17 0.210
Tension of belly 3.36 0.67 3.08 0.52 0.226
Diarrhea 3.00 0.00 3.42 0.67 0.040
Tiredness 3.00 0.00 2.92 0.29 0.338
Appetite 3.00 0.45 3.00 0.00 1.000
Ease of falling asleep 3.00 0.00 2.92 0.29 0.338
Sound sleep 3.00 0.45 2.92 0.29 0.599
Physical strength 2.82 0.41 2.92 0.29 0.493
Psychologic strength 3.00 0.00 3.00 0.00 1.00
Irritation 2.82 0.41 2.83 0.39 0.925
Luster of hair 291 0.30 2.92 0.29 0.950
Total body condition 2.73 0.47 2.75 0.75 0.761

Participants evaluated these conditions by responding to questionnaire items by using a 5-point scale (1: the characteristic was markedly better than that of week 0; 3: no
change in the characteristic; 5: the characteristic was markedly worse than that of week 0) for each item. Data are expressed as mean values with SD.
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9.1, SAS Institute, Cary, NC, USA). Least-square means
were compared by applying the Tukey-Kramer test.
Self-questionnaire scores for skin and general health
conditions between the two groups were analyzed by
using the Kruskal-Wallis test. P < 0.05 was considered
statistically significant, and P < 0.1 indicated a trend.

Results

Participants demonstrated good compliance with the
study requirements and according to their diaries, the
two treatment groups did not differ with respect to test
drink intake. All subjects who participated in this study
were evaluated in the present analysis. Importantly,
severe adverse effects or symptoms were not observed.

For the mechanical analyses of skin properties, we
investigated the skin hydration and sebum content
of middle-aged women who consumed conventional
yogurt or H61-fermented milk; neither group nor time
point affected any skin parameters (Table 1). Interaction
between group and time point had no effect on the
hydration of the inner forearm or cheek or sebum content
in either group.

For the self-questionnaires, scores are shown for skin
and general health conditions after intervention (Table
2). In the skin condition section, scores for elasticity
and texture in the H61-fermented milk group were
significantly higher than in the conventional yogurt
group (P < 0.05). The score for darkness in the H61-
fermented milk group tended to be lower (i.e. skin
was self-reported to be lighter in color) than in the

conventional yogurt group (P < 0.1). In the general health
condition section, according to self-reported scores,
diarrhea was significantly more prevalent in the H61-
fermented milk than in the conventional yogurt group (P
<0.05).

Finally, we analyzed immune, stress, and
inflammation parameters in the saliva (Table 3). For our
immune parameter, the groups tended to have different
s-IgA levels (P < 0.1) (Table 3); however, a significant
difference was not observed between the groups and
time points. Furthermore, the intervention did not
significantly affect our stress parameters, a-amylase and
cortisol, or our inflammation parameter, CRP.

Discussion

The consumption of various foods is thought to affect
skin conditions (20, 21). For example, increased intake of
vitamin C and linoleic acid and decreased consumption
of fats and carbohydrates are associated with improved
appearance in the skin of aging women (22). However,
there are few studies on the effect of fermented milk
(including yogurt) on the condition of the skin of healthy
humans. Previously, we conducted a double-blinded
trial evaluating the effect of H61-fermented milk and
conventional yogurt on the skin properties of young
(approximately 20 y) women; by mechanical analysis,
the sebum content in the cheek rose significantly after
intervention in the H61-fermented milk group but not
the conventional yogurt group (14). In addition, in other
study, after 4 weeks of consuming yogurt made by

Table 3
Effects of conventional yogurt and H61-fermented milk intake on stress, immune, and inflammation biomarker
levels in middle-aged women

a-amylase Cortisol Immunogloblin A C-reactive protein
(KU/L) (ug/dL) (ug/mL) (pg/mL)
Group
Yogurt 31.8(4.4) 0.21 (0.04) 241 (29) 2089 (552)
Heé1 29.3 (4.2) 0.29 (0.03) 166 (27) 3184 (526)
P value 0.676 0.115 0.072 0.167
Time point
Before intake 35.0 (4.3) 0.25 (0.03) 198 (28) 2344 (539)
After intake 26.1 (4.3) 0.25 (0.03) 209 (28) 2929 (539)
P value 0.159 0.908 0.804 0.453
Group x time point
Yogurt Before 37.0 (6.2) 0.22 (0.05) 247 (41) 2064 (780)
Yogurt After 26.7 (6.2) 0.20 (0.05) 236 (41) 3743 (780)
Hé61 Before 33.0 (5.9) 0.28 (0.05) 150 (39) 2625 (744)
H61 After 25.5(5.9) 0.30 (0.05) 181 (39) 3743 (744)
P value 0.818 0.662 0.597 0.493

Values are expressed as least-squares means. Figures in parentheses are standard errors.
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using Lactobacillus delbrueckii subsp. bulgaricus 2038 and
Streptococcus thermophilus 1131, Japanese women (20 -39
y) skin elasticity (by mechanical and self-questionnaire
analyses) increased and the degree of cheek dryness
decreased (by self-questionnaire) (23). However, those
studies were performed in younger people; therefore,
the effect of fermented milk on the skin properties of
older people may be of particular interest for societies
with increasing aging populations. In our present study,
we compared the effects of H61-fermented milk with
conventional yogurt, as a reference food, on the skin
health of older people. A reference food is needed
because of seasonal effects (e.g., environmental changes
such as temperature and humidity), which may alter
skin conditions. In middle-aged women (36-62 y), intake
of H61-fermented milk may show beneficial effects on
skin properties (skin elasticity, texture, and darkness)
by self-questionnaire analysis. Therefore, similar to the
effects on young women, H61-fermented milk would
likely be beneficial for the skin of older people. The
beneficial effects of milk on skin status in human have
been reported. For example, whole milk intake was
associated with alleviation for atopic dermatitis (24).
In our previous study (4), administration of strain H61
as living cells suspended in milk, or a fermented milk
made with the strain to mice was found to reduce skin
trouble with aging (i.e. incidence of hair loss and skin
ulcers) compared with mice taken milk, and there was
no significant difference in skin status between living
cells and fermented milk. Considering that those results
in mice can be extrapolated to those in human, and
heat-killed cells provides beneficial effect on skin status
in women (5, 6), milk and milk metabolites produced
by strain H61 are unlikely to be associated with
improvement of skin status. In the present study, it is
suggested that difference of skin evaluation between
Hé61-fermented milk and conventional yogurt is
attributed to kinds of lactic acid bacteria included.

To investigate the mechanisms for our observed effects
regarding the intake of H61-fermented milk on skin
properties, we measured several biomarkers in saliva.
Saliva collection is relatively non-invasive; importantly,
the characteristics of saliva can be a marker of a person’s
health and well-being. Specifically, s-IgA in saliva has
been widely used as an indicator of mucosal immunity
(25) and decreases with age (26, 27). Moreover, immune
responses are closely associated with skin properties.
For example, exposure to UVB (280-320 nm) can
impair specific and nonspecific immune responses
(28); UVB-induced immunomodulation contributes to
photocarcinogenesis (29). In the present study, intake of
H61-fermented milk and conventional yogurt for 4 weeks
did not affect s-IgA, indicating that they could not change
mucosal immune responses.

Skin health in humans is also affected by psychologic
stress (30). Biomarkers of stress include salivary
a-amylase and cortisol (19, 31), which are secreted under

114

FERMENTED MILK AND SKIN HEALTH

psychologic and physical stress. For example, compared
with those who sleep well, children who sleep poorly
display higher diurnal a-amylase and cortisol levels
throughout the entire day (32). In the present study,
considering that salivary a-amylase and cortisol were
not altered by the intervention, intake of H61-fermented
milk and conventional yogurt may not be effective in
the amelioration of stress in middle-aged women. These
results correspond with our self-questionnaire analysis
for stress status (irritation and psychologic strength,
Table 2). There are mixed results in the field regarding
s-IgA and stress: salivary s-IgA is elevated by acute
psychologic stressors (31), and s-IgA levels are increased
by short-term relaxation (33). Furthermore, there are also
mixed results regarding the intake of H61-fermented milk
and stress: in our study, H61-fermented milk likely did
not affect s-IgA as a biomarker of short-term relaxation
or stress, while others report that irritation in young
women (by self-questionnaire) is improved by intake of
Hé61-fermented milk (13). Therefore, in future studies,
the relationship between stress status and intake of H61-
fermented milk should be analyzed with other stress
biomarkers.

Lastly, we investigated a biomarker of inflammation,
CRP; serum CRP is often used in the risk assessment
of some diseases, such as coronary events (34) and
periodontosis (35). In a study of 61 healthy adults,
there was a moderate to strong association between
CRP in serum and saliva (36). In contrast, salivary and
serum CRP levels were not correlated in a group of 55
healthy young adults (37). In the present study, salivary
CRP was not altered by the intervention; no detectable
inflammation likely occurred in the participants
regardless of the relationship between serum and salivary
CRP.

Skin and intestinal health are associated (23). For
example, according to a self-questionnaire analysis, H61-
fermented milk decreases the incidence of constipation
and diarrhea in young women (13). In our present
study, the incidence of constipation decreased in the
Hé61-fermented milk group than conventional yogurt
group; however, significance was not achieved (Table 2).
Furthermore, diarrhea worsened in the H61-fermented
milk group compared with the conventional yogurt
group. It is likely that the effects on constipation and
diarrhea are a similar phenomenon. Therefore, altered
of participants’ intestinal condition due to their intake
of H61-fermented milk may contribute to the observed
improvement in several skin properties.

It was reported that women with the appearance of
wrinkles, with senile dryness, and with skin atrophy
were related with postmenopausal (22). In terms of skin
hydration and sebum content analyzed in our study,
Nagata et al. (18) reported that there is no correlation
between postmenopausal and skin hydration, sebum
content. However, information of premenopausal and
postmenopausal for the subjects was not included in the



JOURNAL OF AGING RESEARCH AND CLINICAL PRACTICE©

present study. It is a subject for further study to consider
postmenopausal status and skin parameters.

In conclusion, H61-fermented milk altered skin
properties (e.g., improvement of elasticity and texture)
in middle-aged, healthy women more than conventional
yogurt did by self-surveyed test. This probiotic strain
would be useful for increasing the quality of life in an
aging population. As far oral intake of strain H61, we
will intend to confirm skin items with the obtained
improvement by self-evaluation, via mechanical analysis
with appropriate measurable instrument in a larger
participant population.
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