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Background and Objectives: To study the effects of galacto-oligosaccharides (GOS) on the skin, we investigat-
ed skin-related parameters in healthy adults who received GOS for 12 weeks. Methods and Study Design: This 
double-blind, randomized, placebo-controlled study included subjects divided into two groups (control and GOS) 
by stratified block randomization. The GOS group received 1.0 g of GOS twice a day, whereas the control group 
received only vehicle. Results: The results showed that the increase in corneometer values from baseline to week 
12 was significantly greater in the GOS group than in the control group (6.91 vs 2.88 arbitrary units, p<0.05). The 
transepidermal water loss (TEWL) in the GOS group was reduced significantly after 12 weeks of GOS treatment 
(20.1 g/h/m2 at baseline vs 17.5 g/h/m2 at week 12, p<0.05). The differences in total and percentage of wrinkle 
areas between the two groups were statistically significant after 12 weeks of GOS treatment (p<0.05). Conclu-
sion: Our findings support that oral treatment with GOS is beneficial to the skin and present the possibility of 
new nutritional strategies for skin care. 
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INTRODUCTION 
Oligosaccharides show interesting properties, and some 
are already recognized and included in foods as ingredi-
ents.1 They are an important factor that promotes the 
growth of intestinal flora dominated by bifidobacteria and 
lactobacilli.2 On the basis of the analysis of human milk 
oligosaccharides, a mixture of 90% short-chain galacto-
oligosaccharides (GOS) and 10% long-chain fructooligo-
saccharides (FOS) have been developed.3 Studies in pre-
term and term infants have shown that food supplementa-
tion with GOS and FOS produces an intestinal flora simi-
lar to that found in breastfed infants.4 FOS are well 
known for their contribution to digestive health. GOS 
have also emerged, with strong clinical evidence, as bene-
ficial to both digestive and immune health.5 As a stable, 
soluble ingredient, GOS are an ideal choice for formulat-
ing foods and beverages for digestive and immune health. 
Owing to its similarity to the human milk oligosaccha-
rides, GOS have attracted worldwide attention from re-
searchers.5,6 

Because GOS are hydrolyzed only by a specific group 
of colonic bacteria, they are classified as prebiotics.1 
Prebiotics are typically nondigestible fibre compounds 
that pass undigested through the upper part of the gastro-
intestinal tract and stimulate the growth or activity of ad-
vantageous bacteria that colonize the large bowel by act-
ing as a substrate for them.1,7 Prebiotics can provide bene-

fits not only for the gut but also for the skin. The intestine 
is the body’s main immune organ, and the mucosal im-
mune system of the gut is linked to the immune system of 
the skin through migration of immune cells. Prebiotics 
may also influence the bioavailability of nutrients and 
thereby affect the condition of the skin.8,9 

The skin and digestive tract are the largest organs of 
the human body. They are also two of the oldest struc-
tures developed in the evolutionary process to provide the 
organism with essential information about the outside 
world, largely by delivering nutrients from the outside 
world. The digestive tract has a similar and parallel role 
to that of the skin in providing nutrients to the body. Nu-
trients, whether delivered through the digestive tract or 
skin, can be seen as a source of information that literally 
transforms the body.10 Cosmetics have long been applied 
to prevent skin aging. However, while the benefits of 
cosmetics to skin are promising, they are limited to the 
topical site of application.11 On the other hand, the con- 
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sumption of foods that contain prebiotics has been found 
to improve the condition of the skin.12 Functional foods 
targeting “beauty from within” are already on the market, 
and some have limited scientific evidence suggesting 
their efficacy.13 

In this study, we investigated whether intake of GOS 
had beneficial effects on human skin and may represent a 
novel approach for skin care. To this end, we investigated 
skin-related parameters in healthy adults who received 
GOS for 12 weeks. 

 
MATERIALS AND METHODS 
Preparation of GOS 
The GOS used in this study were provided by Neo Cre-
mar Co. (Seoul, South Korea). Briefly, batch reactions 
were performed by incubating β-galactosidase with a 
40°Bx to 45°Bx lactose solution in a 100-L incubator 
shaker at 150 rpm. Lactose (25 kg) was dissolved in dis-
tilled water (60 L), and 0.08% β-galactosidase from Ba-
cillus circulans was added to synthesize GOS at 55°C and 
pH 6.0 for 24 h. All reactions were terminated by incuba-
tion at 100°C for 10 min. Then, 100 mL of 20% GOS 
syrup produced by the β-galactosidase was fermented by 
using 9% weight fresh yeast (Saccharomyces cerevisiae 
L1) in an incubator shaker at 100 rpm and 30°C for 24 h. 
The resulting solution was then filtered and treated with 
active carbon for decolorization. Ion exchange chroma-
tography (Amberlite CG-120-II1  8, Fluka, Buchs, Swit-
zerland) was applied for further purification. The pooled 
fractions were evaporated to 45°Bx and dried with a spray 
dryer. 
 
Subjects 
Subjects were recruited through advertisements in a local 
newspaper. Individuals who responded to the advertise-
ments were interviewed in order to ensure they met the 
experiment criteria. Eighty-four healthy Korean volun-
teers, aged 30–69 years, with fine wrinkles at the outer 
corner of the eyes, called lateral canthal lines, were cho-
sen for this study. Before enrolling in the study, all the 
participants were informed of the risks, benefits, and pos-
sible complications of the treatment, and each participant 
provided investigators with a written informed consent. 
The exclusion criteria were Fitzpatrick skin types I or IV, 
allergies, photosensitivity, tanning sunburns, infections, 
pregnancy, and breastfeeding. Also excluded were sub-
jects who had undergone wrinkle removal or peeling pro-
cedures within the previous 6 months. 
 
Study protocol 
The study was conducted in accordance with Good Clini-
cal Practice guidelines, the Declaration of Helsinki, and 
local laws and regulations. The protocol was approved by 
Korea University and patients gave written informed con-
sent (KU-IRB-14-119-A-2-[R-P-1]). The double-blind, 
randomized, placebo-controlled study included subjects 
who were divided into two (control and GOS) groups by 
stratified block randomization. For 12 weeks, the subjects 
in the GOS group were asked to take GOS (1 g in a cap-
sule) twice a day. The total daily GOS dose was 2 g. This 
dosage was selected based on preliminary studies.14,15 The 
control group received only the vehicle (100% dextrin), 

which was the same size and color as the GOS capsule. 
The subjects were asked not to change their diet or life- 
style during the study.  
 
Skin assessments 
The corneometer value was measured by using Corneom-
eter CM 825 (Courage and Khazaka Electronic GmbH, 
Cologne, Germany). Corneometer CM 825 uses the high 
dielectric constant of water for analyzing the water-
related changes in the electrical capacitance of the skin. It 
displays hydration measurements in system-specific arbi-
trary units (AU).16 Transepidermal water loss (TEWL) 
was measured by using TEWAmeter TM 300 (Courage 
and Khazaka Electronic GmbH). The TEWAmeter TM 
300 measurements were based on diffusion in an open 
chamber and measured as g/m2/h.17 Extent of wrinkling 
was measured by using a replica method. Briefly, after an 
adhesive paper (diameter, 11 mm) was attached, translu-
cent silicon was mixed in a small plastic cup containing 
two components, a basic substance and a catalyst (Cour-
age and Khazaka Electronic GmbH). A layer of the sili-
cone mixture was spread over the restricted area of the 
adhesive paper and left to dry for 5 min. When the sili-
cone mixture had dried sufficiently, the specimen was 
stored in a tracing paper envelope until analysis. The skin 
replica was analyzed by using Skin-Visiometer SV 600 
(Courage and Khazaka Electronic GmbH). The total 
wrinkle area (mm2), percentage of wrinkle area (%), aver-
age wrinkle depth (μm), and number of wrinkles were 
measured. 

No skin-care products were applied to the measured 
sites for at least 2 h before the measurements. A small 
area of each location was wiped with ethanol 1 h before 
the parameters were measured in a room at a temperature 
of 20-25°C and relative humidity of 30-40%. The crow’s 
foot area was measured three times, and the mean value 
was recorded and analyzed. The Corneometer and TEWL 
measurements were repeated for each subject every fourth 
week (four times), and wrinkling was measured for each 
subject twice, at baseline and week 12. After week 12, 
adverse effects, including erythema, edema, bruising, and 
altered pigmentation, were assessed by questioning sub-
jects and observing skin responses. 

 
Statistical analysis 
All statistical analyses were performed by using the Sta-
tistical Package for Social Sciences version 12.0 (SPSS 
Inc., Chicago, IL, USA). The differences between the two 
groups (control vs GOS group) were statistically evaluat-
ed by performing a t test. A repeated-measures analysis of 
variance followed by Bonferroni-adjusted pairwise com-
parisons was used to assess the differences in the change 
from baseline to each week within groups. All data were 
two-sided at the 5% significance level and were reported 
as means ± standard error of the mean (SEM). 
 
RESULTS 
The baseline characteristics are listed in Table 1. Eighty-
four individuals were selected for participation in this 
study. Of these individuals, five were withdrawn from the 
trial as follows: four (two from the control group and two 
from the GOS group) failed to complete the study, and 
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one (from GOS group) was noncompliant. As a result, 79 
participants met the study requirements (male: 6 female: 
73, age 30–39 years: 3, 40–49 years: 37, 50–59 years: 25, 
60–69 years: 14). None of the participants withdrew from 
the study because of GOS treatment-related adverse ef-
fects. No adverse effects were experienced by the subjects, 
and none of the withdrawals were considered to be due to 
the study products. The control (age: 50.4 years) and 
GOS groups (age: 51.1 years) ultimately consisted of 40 
and 39 participants, respectively. The control and GOS 
groups had mean Corneometer values of 73.0 and 70.5 
AU and TEWL of 17.8 and 20.1 g/h/m2, respectively. 
Furthermore, the control and GOS groups had similar 
results regarding the following wrinkle parameters: total 
wrinkle area, percentage of wrinkle area, wrinkle depth, 
and number of wrinkles. The initial values of all the vari-
ables did not significantly differ between the two groups. 
The subjects were healthy adults who did not have meta-
bolic diseases, use any pharmaceutical drugs, or consume 
alcohol. 

Figure 1 and 2 shows the changes in Corneometer val-
ues and TEWL, respectively. The increase in Corneome-
ter value from the baseline to week 12 was significantly 
greater in the GOS group than in the control group (6.91 
vs 2.88 AU, respectively; p<0.05). The Corneometer val-
ues in the control group were not significantly different 
between baseline and week 12, whereas GOS treatment 
significantly influenced the Corneometer values at 4 
weeks (70.5 AU at baseline vs 73.0 AU at week 4, 
p<0.05). 

The initial values of TEWL did not significantly differ 
between the two groups (Table 1). At week 4, the reduc-
tion in TEWL from the baseline in the GOS group was 

significantly greater than that in the control group (−1.93 
vs. −0.52 g/h/m2, respectively; p<0.05). TEWL did not 
significantly differ between the baseline and week 12 in 
the control group but was significantly reduced in the 
GOS group after 12 weeks of GOS treatment (20.1 g/h/m2 
at baseline vs 17.4 g/h/m2 at week 12, p<0.05). 

Figure 3 presents the changes in wrinkle formation af-
ter 12 weeks of GOS treatment. The differences in total 
and percentage of wrinkle area between the control and 

Table 1. Baseline skin characteristics of healthy adults 
 
Variable GOS group (n=39) Control group (n=40) 
Gender, n (%) 

Women  
Men 

 
36 (92.3) 

3 (7.7) 

 
37 (92.5) 

3 (7.5) 
Age (years) 
    Mean 
    Range (min-max) 

 
51.1±1.31 
34-68 

 
50.4±1.33 
32-66 

Menopausal status, n (%) 14 (35.9) 15 (37.5) 
Blood pressure (mmHg)   

Systolic blood pressure 125±9.46 129±5.67 
    Diastolic blood pressure 91.1±6.25 87.3±5.51 
Pulse (beats/min) 70.2±6.78 71.2±6.68 
Blood glucose (mg/dL) 138±20.7  130±12.2 
Body mass index (kg/m2) 22.9±3.02 23.5±2.13 
Energy intake (kcal/day) 2011±416 1879±358 
Carbohydrate (%) 69.1±4.02 68.7±2.33 
Protein (%) 17.8±2.15 17.2±1.72 
Fat (%) 13.1±2.28 14.1±2.12 
Metabolic disease, n (%) 0 (0) 0 (0) 
Skin diseases, n (%) 0 (0) 0 (0) 
Drug use, n (%) 0 (0) 0 (0) 
Corneometer value (AU) 70.5±1.76 73.0±1.45 
TEWL (g/h/m2) 20.1±1.09 17.8±1.12 
Total wrinkle area (mm2) 14.1±1.08 15.0±0.99 
Percentage of wrinkle area (%) 53.0±4.06 56.3±3.70 
Wrinkle depth (cm) 5.54±0.57 5.09±0.77 
Number of wrinkles 304±32.4 244±35.6 
 
AU: arbitrary units; GOS: galacto-oligosaccharide; TEWL: transepidermal water loss. 
All data were reported as means±standard error of the mean. 
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Figure 1. Effects of galacto-oligosaccharides (GOS) on the 
Corneometer value in the healthy adults. The asterisks indicate 
significant differences (*p<0.05, ***p<0.001) between the base-
line and the indicated week by a repeated-measures analysis of 
variance followed by Bonferroni-adjusted pairwise comparisons 
within groups. The p-value shown on the graph indicates a sig-
nificant difference between changes in the two groups at the 
indicated week by t test. All data were two-sided at the 5% sig-
nificance level and are reported as means±standard error of the 
mean. 
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GOS groups were significant after 12 weeks of GOS 
treatment (p<0.05). The GOS group showed a reduction 
in total wrinkle area and percentage of wrinkle area after 
12 weeks of GOS treatment (total wrinkle area: −3.25 
mm2; percentage of wrinkle area: −12.2%), whereas the 
control group showed a slight increase in these parame-
ters (total wrinkle area: 1.07 mm2, percentage of wrinkle 
area: 4.02%). Furthermore, the wrinkle depths and num-
ber of wrinkles in the GOS group were also lower than 
those in the control group, although these differences 

were not significant. As shown in Figure 4, the replica 
photographs of a subject who received GOS for 12 weeks 
showed that wrinkles in the crow’s feet region were 
markedly improved compared with the baseline. 
 
DISCUSSION 
Purba et al investigated the association between actinic 
skin damage and dietary intake.18 This study addressed 
whether food and nutrient intakes were correlated with 
skin wrinkling in a sun-exposed site. The results suggest-
ed that subjects with a lower intake of milk/milk-products, 
butter, margarine and sugar products had less skin wrin-
kling in a sun-exposed site. This study illustrated that skin 
wrinkling in a sun-exposed site in older people of various 
ethnic backgrounds may be influenced by the types of 
foods consumed. 

Currently, the use of prebiotics as functional food in-
gredients to manipulate the composition of gut microbiota 
in order to improve health has sparked great interest.19 
For the live microbiota (probiotics), which are intended to 
colonize the large intestine and confer physiological 
health benefits to the host, specific substrates (prebiotics), 
which confer a health benefit to the host associated with 
modulating the microbiota, may be used.20 Prebiotics can 
improve the survival of a probiotic organism because its 
specific substrate is readily available for its fermentation 
and results in advantages to the host that the live micro-
organisms and prebiotic offer.20,21 

Probiotics are known for their potential to modify host 
immune responses, providing an additional possible 
mechanism aimed at skin health. The mechanistic basis of 
skin effects induced by probiotics is thought to be repre-
sented by changes in systemic immune responses. In par-
ticular, the modulation of specific T-cell subsets such as 
stimulation of T-helper type 1 cells in the gut mucosa, 
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Figure 2. Effects of galacto-oligosaccharides (GOS) on transep-
idermal water loss (TEWL) in healthy adults. Asterisks indicate 
a significant difference (*p<0.05) between the baseline and the 
indicated week by a repeated-measures analysis of variance 
followed by Bonferroni-adjusted pairwise comparisons within 
groups. The p value shown on the graph indicates a significant 
difference between changes in the two groups at the indicated 
week by t test. All data were two-sided at the 5% significance 
level and are reported as means±standard error of the mean. 
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Figure 3. Effects of galacto-oligosaccharides (GOS) on wrinkle formation in healthy adults. The p values indicate a significant difference 
between changes in the two groups at each week by t test. All data were two-sided at the 5% significance level and are reported as 
means±standard error of the mean. 
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which may subsequently influence immune responses in 
other tissues, may play a role.22,23 Probiotics protect the 
skin immune system against ultraviolet B radiation-
induced immunosuppressive effects in hairless mice.22 
Similar effects have been described in humans, and it has 
been proposed that the consumption of probiotics may 
represent a novel approach to protect the skin immune 
system.24,25 The significant improvement on the course of 
atopic dermatitis has been reported in infants given pro-
biotic-supplemented elimination diets.26,27 Another target 
for probiotics may be skin barrier function. A double-
blind, randomized clinical study has shown that a 24-
week skin intervention with a fermented dairy product in 
female volunteers significantly reduced TEWL and im-
proved stratum corneum barrier function compared with a 
placebo product.28 

GOS as a prebiotic also effectively blocked atopic der-
matitis-like skin lesions in a human-like model of atopic 
dermatitis, NC/Ng a mice, by at least partly inducing pro-
duction of interleukin 10 and suppressing the production 
of cytokines such as interleukin 17, which are involved in 
skin inflammation.29 In our preliminary tests,12 we found 
that GOS administration in hairless mice suppressed the 
increase in TEWL and concomitant decrease in skin hy-
dration, which reflects barrier function perturbation after 
ultraviolet B irradiation. Furthermore, GOS administra-
tion also resulted in increased CD44 gene expression, 
which was associated with maintenance of hyaluronic 
acid homeostasis, compared with no treatment. The ef-
fects of GOS plus a mixture of four probiotics in prevent-
ing allergic diseases were reported in pregnant women 
and their infants.30 It has been speculated that not only 
diseased but also healthy skin may benefit from oral 
treatment with prebiotics.  

In this study, oral treatment with GOS in healthy adults 
improved skin hydration (Corneometer value and TEWL), 
which is critical for maintaining healthy skin and an im-

portant component of basic skin care (Figure 1 and 2). 
Our results also indicated that GOS improved total and 
percentage of wrinkle area in healthy adults compared 
with non-treated subjects after 12 weeks of treatment 
(Figure 3 and 4). 

In our preliminary tests,31 several probiotics (Lactoba-
cillus acidophilus, Lactobacillus casei, Bifidobacterium 
longum, and Bifidobacterium bifidum) in GOS showed 
higher cell growth than the other GOS after 12 h of cul-
ture except B. longum culture at 36 h. These results sug-
gest that GOS was a good substrate and carbon source for 
supporting the growth of probiotics. The intestinal flora is 
part of a complex ecosystem, and many of its constituent 
bacteria remain unidentified.32 However, strong evidence 
suggests that the intestinal flora influences the postnatal 
development of the immune system. Stimulation of the 
entire intestinal flora by prebiotics might be a more effec-
tive method of altering immune development than by 
adding bacterial species to the intestinal ecosystem. In 
contrast to probiotics that introduce exogenous bacteria 
into the colonic microbiota, prebiotics aim to stimulate 
the growth of one or a limited number of the potentially 
health-promoting indigenous microorganisms, thus modu-
lating the composition of the natural ecosystem.32,33 
    Therefore, GOS as a prebiotic might more effectively 
promote skin health than single or complex probiotics 
because of the increase of health-promoting indigenous 
microorganisms. In conclusion, our findings support that 
oral treatment with GOS was beneficial to the skin, and 
present the possibility of new nutritional strategies for 
skin care. However, further research is necessary to fully 
understand the effects of GOS on skin health and to un-
derstand in detail how ingested prebiotics might influence 
the skin through intestine-mediated changes. 
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