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ABSTRACT

To evaluate the protective effect of collagen peptide-coated coffee extract on skin aging, cell viability was measured 

with a MTT assay using cultured CCD-986sk fibroblasts, and its effect on wrinkles in the skin of hairless mice induced 

by UVB-irradiation was examined. In addition, its effect on procollagen synthesis and anti-oxidative, and its inhi-

bitory activity against collagenase, elastase, tyrosinase and MMP-1 were analysed. After the 30-minute topical 

treatment, the animals were exposed to UVB irradiation (60-100 mJ/cm2) for 4 weeks and its intensity increased 

during the period. Under the experimental conditions set in this study, the skin thickness of hairless mice signifi-

cantly decreased (11.8-21.3%) compared to the control group. Based on these results, the prolonged oral intake 

of a collagen peptide mixture with coffee is expected to significantly increase the synthesis of procollagen in dermal 

fibroblasts, thereby contributing to the alleviation of wrinkling and lowered elasticity due to structural damage to 

the dermal layer caused by UV. The oral intake of collagen-coated coffee contributes to increasing collagen biosyn-

thesis in a dose-dependent manner and alleviates the symptoms of thickened keratin caused by UV irradiation. 

However, it did not inhibit the enzymes involved in skin aging, whitening, wrinkle improvement, and antioxidation. 

Based on the these results, it can be concluded that the intake of collagen peptide-coated coffee extract can be 

utilized as an alternative material for the prevention or treatment of diseases associated with photoaging. 
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Introduction

In terms of coffee consumption, South Korea, as a single country, was ranked sixth in the world in 2017 (Hong, 2018), 

showing the world’s highest consumption of coffee except those that produce coffee. Coffee contains many bioactive 

chemical substances that affect the body in many different ways such as caffeine, chlorogenic acid, and diterpenes (Santos 

and Lima, 2016). In particular, antioxidants such as chlorogenic acid (Moreira et al., 2005), caffeine (Vignoli et al., 2011) 

and melanoidin (Delgado-Andrade and Morales, 2005) were also reported, and the intake of these antioxidants contained 

in coffee prevents aging, cardiovascular diseases and various metabolic diseases caused by reactive oxygen species in the 
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body (Benzie, 2000). Chlorogenic acid is one of the caffeoylquinic acids mainly induced by esterification between quinic 

acids and phenolic acids such as caffeic acid, ferulic acid and p-coumaric acid, and is found in various higher plants 

(Bicchi et al., 1995). This substance is a type of polyphenols contained in coffee beans, known to be involved in the color 

and bitter taste of coffee (Vignoli et al., 2011). Polyphenols are one of the most abundant compounds in people’s diet, and, 

chlorogenic acid, in particular, is a secondary phenolic metabolite produced in certain plant species and have several 

biological characteristics such as antibacterial, antioxidant and anticarcinogenic reactions (Meng et al., 2013). Recent 

studies reported that the intake of coffee is associated with a decrease in the risk of type 2 diabetes, and those who drink a 

moderate amount of coffee were found to have a lower risk of diabetes than those who do not drink coffee. Coffee intake 

is known to be involved in the frequency of impaired glucose tolerance, glycosemia and reduced insulin sensitivity, which 

was reported to be caused by chlorogenic acid and other substances in coffee (Bidel and Tuomilehto, 2012). It was also 

reported that those who drank 3 to 4 cups of coffee a day have a lower risk of type 2 diabetes, which can be attributed to the 

existence of chlorogenic acid and caffeine that are increased after roasting coffee beans (Santos and Lima, 2016). 

Meanwhile, the relation between coffee roasting and the amount of antioxidants is still open to dispute. Some studies 

argued that green beans have more antioxidant effects due to the absence of the breakdown of chlorogenic acid, and it was 

also reported that green beans before roasting are effective in relieving pain (Lee et al., 2018). Another study reported that 

coffee roasting breaks down chlorogenic acid and thus reduces the antioxidant effect of coffee, but that heating generates 

melanoidins and thus does not have a significant impact on antioxidation (Vignoli et al., 2011). The study also reported 

that the antioxidant effect of light roasting is higher than that of strong roasting.

The antioxidant reaction of different coffee varieties was compared, and it was reported that the antioxidant activity of 

C. canephora was higher than that of Coffea arabica preferred by Koreans (Moreira et al., 2005). 

As the domestic consumption of coffee increases, people’s interest in increasing the functionality of coffee through 

processing such as blending coffee and medicinal plants or fermenting coffee has also increased, and many studies have 

been conducted focusing on this such as a study on a functional beverage that used coffee beans and a medicinal plant 

extract to increase antibacterial and antioxidant functions (Kim et al., 2016); a study on the comparison of antioxidant 

activity depending on the mixed ratio of coffee powder and red ginseng powder (Choi et al., 2012); a study on functional 

materials produced by fermenting mushroom and Monascus ruber in the solid state to increase the functionality of brewed 

coffee for preventing chronic diseases (Shin et al., 2013); and a study on the effects of the hot-water extract of coffee beans 

fermented with Monascus ruber in the solid state on the inhibition of fat accumulation (Lim et al., 2014). The yeast fer-

mentation of green coffee beans significantly increased antioxidant activity, and thus effectively enhanced the func-

tionality of coffee. The consumer acceptability of fermented coffee beans, however, was lower than the control group, but 

increased in some fermented coffee types, which indicated that consumers’ preference can increase unless the yeast 

fermentation of coffee beans has negative smells and tastes (Kwak et al., 2018).

As such, various attempts have been made to maximize the functionality and preference of coffee, but there are only few 

studies on technology for coating the surface of coffee beans with drugs and the functionality of coated coffee beans. In 

particular, there is almost no study on the functionality of coffee beans coated with collagen, and thus it seems to be 

meaningful to research the effect of coffee beans coated within the concentration level that does not spoil the natural aroma 

and taste of coffee and to examine skin enzyme inhibition associated with skin aging in skin cells, providing basic research 

results. Against this backdrop, this study aimed to examine the effect of the extract from collagen-coated coffee beans on 

the inhibition of skin aging from the aspect of the reduction of wrinkles and collagen synthesis.
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Research Methods

Sample preparation 

 Collagen-coated coffee beans were produced by coating coffee beans (98.7%), purchased from ‘Foodreams,’ with fish 

collagen-peptide mixed powder (1.3%). Two types of coffee beans were coated with collagen peptide as follows: Collafee 

bean (200 g of coffee beans coated with 2,000 mg of collagen (1,200 Da or lower)) and Collafee bean presso (200 g of coffee 

beans coated with 4,000 mg of collagen (1,000 Da or lower)). They were extracted in hot water and were freeze-dried.

Laboratory animals 

Six-week-old female nude mice (Skh-1) were purchased from Orient Bio Inc. (Seongnam, Gyeonggi), and were divided 

into 4 groups after the acclimation period. The nurturing environment for the animals used in this study was as follows: 

temperature (24±2 ), humidity (55±10%) and light-dark cycle (12 hours). The mice were fed on the mouse feed purchased ℃

from Feed Lab Korea (Guri, Korea), and they were treated according to the “Guide for the Care and Use of Laboratory 

Animals.”

Measurement of electron donating activity (DPPH) 

The reducing power of each sample was measured as the electron donating effect of 1,1-diphenyl-2-picryl hydrazyl 

(DPPH). That is, 0.5 ml of 0.4 mM DPPH was added to 1 ml of each extract sample produced by different concentrations, 

and each sample was vortex-mixed for 10 seconds and was reacted at 37 for 30 minutes. After that, the absorbance of ℃ 

the reacted solution was measured at 517 nm using a microplate reader.

Cell culture

CCD-986sk (Human fibroblast) cells purchased from ATCC were cultured in a 5% CO2 culture incubator at 37 using ℃ 

a culture medium prepared by adding a 10% heat-inactivated fetal bovine serum (FBS; GibcoBRL) and 1% gentamicin to 

Dulbecco’s modified Eagle medium (DMEM).

Measurement of cell viability 

Cells (8 × 104 cells/ml) were divided into a 96-well plate, and were stabilized and treated with the extract of different 

concentrations. After culturing cells for 24 hours, the culture medium was removed. Each sample was added with MTT 

solution (3-[4,5-dimethylthiazol-2-yl] 2,5-diphenyltetrazolium bromide; 0.5 mg/ml), and was reacted in a CO2 culture 

incubator at 37 for 2 hours. Insoluble crystals obtained in the process were completely melted with dimethylsulfoxide ℃ 

(DMSO), and their absorbance was measured at 570 nm using a microplate reader. The cytotoxicity of each sample was 

also examined.

Measurement of inhibitory activity against collagenase 

For the reaction group, an 0.1M Tris-HCI buffer (pH 7.5) was added with 4 mM CaCl2, and 0.15 ml of collagenase 

(0.2 mg/ml) was added to the mixed solution of 0.1ml of the sample solution and 0.25ml of the substrate (in which 

4-phenylazobenzyl oxycarbonyl-Pro-Leu-Gly-Pro-Arg (0.3 mg/ml) was melted). After the mixed solution was reacted at 

room temperature for 20 minutes, 0.5 ml of 6% citric acid was added to it to stop the reaction. After that, 1.5 ml of 
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ethylacetate was added to it, and the absorbance of the supernatant was measured at 320 nm. Inhibitory activity against 

collagenase was expressed as the reduction rate of the measured absorbance of the control group not added with the 

prepared sample solution and the group added with the prepared sample solution. 

Measurement of inhibitory activity against elastase 

Inhibitory activity against porcine pancreas elastase was examined by measuring the amount of p-nitroanilide generated 

at 37 for 30 minutes using N-succinyl-(L-Ala)3-p-nitroanilide as a substrate. Each experimental solution was prepared ℃ 

to have a constant concentration, and 0.1 ml was injected into a test tube. It was added with 0.05 ml of the elastase, 

pancreatic solution (Type I: From Porcine Pancreas, 0.6 units/ml) melted in a 50 mM Tris-HCl buffer (pH 8.6), and 0.1 ml 

of N-succinyl-(L-Ala)3-p-nitroanilide(1 mg/ml) melted in a 50mM Tris-HCl buffer (pH 8.6) as a substrate was added, and 

was reacted for 30 minutes. Its absorbance was measured at 410 nm using a microplate reader. Inhibitory activity against 

elastase was expressed as the reduction rate of the measured absorbance of the group not added with the prepared sample 

solution and the group added with the prepared sample solution).

Measurement of inhibitory activity against tyrosinase

In a test tube, 0.2 ml of the substrate solution (10 mM L-DOPA melted in 0.5 ml of 1/15M sodium phosphate buffer 

(pH 6.8)) and 0.1 ml of the sample solution were mixed together, and 0.2 ml of 110 Unit/ml mushroom tyrosinase was 

added. After that, the mixed solution was reacted at 25 for 2 minutes, and the absorbance of DOPA chrome generated ℃ 

in the reacted solution was measured at 475 nm using a microplate reader. Inhibitory activity against tyrosinase was 

expressed as the reduction rate of the measured absorbance of the group not added with the prepared sample solution and 

the groups added with the prepared sample solution.

Assessment of collagen biosynthesis 

Cells (2 × 106 cells/well) were divided into a 6-well plate, and each well was added with Q3G7R at the concentration of 

1 g/mL. Cells were cultured in a COμ 2 incubator for 24 hours, and the amount of propeptide was measured using a pro-

collagen type-I C peptide (PIP) EIA kit (Takara), based on the method suggested in earlier studies, to test the biosynthesis 

of collagen within the cell culture fluid.

Inhibitory activity against Matrix Metalloproteinase-1 (MMP-1) 

Cells (2×105 cells/well) were divided into a 6-well plate, and each well was added with Q3G7R at the concentration of 

1 g/mL. Cells were cultured in a CO2 incubator for 24 hours, and the treated cell culture fluid was collected to test. Using μ

the method suggested by Gross and Lapiere (1962) the absorbance of the collected cell culture fluid was measured using a 

Matrix Metalloproteinase-1 Biotrack activity Assay Kit (Amersham Bioscience) and a plate reader. The activity of MMP-1 

within the cell culture fluid was quantified using an equation obtained through the standard curve. 

In-vivo UVB test and assessment of anti-photoaging effect

A UV test was performed using the method suggested by Park et al. (2008). At a certain time everyday, 50 L of the μ

coating solution was coated on the back of hairless mice, and UVB was irradiated after 30 minutes. The applied amount of 

UVB was determined by measuring the minimum erythema dose (MED). During the first week, 60 mJ/cm2 equal to 1 
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MED was applied to each mouse, and during the second to fourth weeks, 100 mJ/cm2 equal to 2 MED was irradiated for 

three weeks. UVB was irradiated using a UV irradiator that used UVB lamp GL20SE (Sankyo denki, Japan), and the 

amount of UV irradiation was measured using Solarmeter (Solartech Inc., Harrison Township, MI, USA) to control the 

time of exposure. Changes in the thickness of the skin were measured by folding the skin using Digimatic Micrometer 

(Mitsutoyo Co., Tokyo, Japan). 

Tissue staining 

The skin was removed from the back of hairless mice was co, and was fixed in a 10% formalin solution for a day. The 

collected tissues were stained using the H&E staining method. 

Statistical analysis 

Analysis was repeated three times, and the results of analysis were expressed as mean ± SD. The significance of the 

results was tested using Student’s t-test, and when the confidence level is 5% (p <.05), the results are considered to be 

statistically significant.

Results and Discussion 

Measurement of electron donating (DPPH) activity

Studies on skin wrinkles show that oxygen free radicals caused by UV or stress, and those generated within the body 

accelerate the activity of collagenases such as MMPs (Matrix metalloproteinase), and inhibit the synthesis of collagen, 

which reduces the elasticity of the skin and accelerates the generation of wrinkles. In line with that, the antioxidant effect 

of the extract of collagen-coated coffee beans was measured using the DPPH method. Differences in the DPPH radical 

scavenging activity between the control group that used coffee beans not coated with collagen and the treated groups that 

used coffee beans coated with collagen were compared. The antioxidant effect of Collafee bean presso that contained 

more collagen was higher than that of the coffee extract used in the control group, but there was no statistically significant 

difference (Figure 1).

Measurement of inhibitory activity against collagenase 

The inhibitory activity of the extract from collagen-coated coffee beans against collagenase was measured, and the 

Figure 1. Effect of Collafee bean extracts on DPPH radical scavenging activities.
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inhibitory activity was measured to be almost 100% at a concentration of 25 mg/ml. The inhibitory activity of collagen- 

coated coffee beans against collagenase was similar to that of coffee beans that were not coated with collagen in the control 

group, showing no statistically significant difference in inhibitory activity against collagenase depending on the treatment 

of collagen coating (Figure 2).

Measurement of inhibitory activity against elastase 

The inhibitory activity of the extract from collagen-coated coffee beans against elastase was measured, and the inhi-

bitory activity of the extract at a concentration of 3.13 mg/ml was 30% and 34%, and that of the extract at a concentration 

of 12.5 mg/ml was 56.6% and 57.4%, demonstrating the effect of inhibiting elastase. Similar to inhibitory activity against 

collagenase, the inhibitory activity of collagen-coated coffee beans against elastase was similar to that of coffee beans that 

were not coated with collagen in the control group, showing no difference in inhibitory activity against elastase depending 

on the existence of collagen coating (Figure 3).

Measurement of inhibitory activity against tyrosinase 

The inhibitory activity of the extract from collagen-coated coffee beans against tyrosinase was measured. The IC50 

■ Control 

▲ Collafee bean 

● Collafee bean presso 

Figure 2. Inhibitory effects of Collafee bean extracts on collagenase activities.

■ Control 

▲ Collafee bean 

● Collafee bean presso 

Figure 3. Inhibitory effects of Collafee bean extracts against elastase activities. Results are expressed as mean ± SD of 

data obtained from three independent experiments.
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value that shows the inhibitory effect of 50% was compared, and the following results were obtained: Collafee bean ≫
Collafee bean presso > non-coated. That is, the inhibitory effect of coffee beans coated with low-concentration collagen 

against tyrosinase was higher, but there was no statistically significant difference (Figure 4).

When the skin is exposed to UV light, melanin generated by a series of oxidative polymerization reactions, starting 

from tyrosine, causes pigmentation and accelerates skin aging. Melanin in the skin is a protein complex generated in 

melanocytes that exist in the stratum basale, and the synthesis of melanin is controlled by tyrosinase. Meanwhile, the 

extract of mulberry roots is used to produce functional cosmetic products for skin whitening, and is known to have 92% of 

the tyrosinase-inhibiting effect at a concentration of 50 g/mL (Ryu, 2011). Compared to this, the inhibitory effect of coffee μ

does not seem to have a whitening function.

Measurement of cell viability

To examine the impact of the extract of collagen-coated coffee beans on the survival of cells, the extract at a concen-

tration of 0.3125, 0.625, 1.25, 2.5 and 5 mg/ml was added to culture media individually, and, after that, the viability of 

cells was measured using a MTT assay. The cytotoxicity of the coffee extract against CCD-986sk, human dermal 

fibroblast (HDF) cells, is as shown in Figure 5. The cell viability of the control, Collafee bean, and Collafee bean presso 

■ Control 

▲ Collafee bean 

● Collafee bean presso 

Figure 4. Inhibitory effects of Collafee bean extracts against tyrosinase activities. Results are expressed as mean ± SD of 

data obtained from three independent experiments.

■ Control 

■ Collafee bean 

■ Collafee bean presso 

Figure 5. Cell viability of Collafee bean extracts on fibroblast cell(CCD-986sk). Results were expressed as % of control and 

data were means ± SD. Significant differences were compared with control. *p < .05.
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groups at a concentration of 1.25 mg/ml was 99.2%, 92.5% and 82.0% respectively, and at a concentration of 0.625 mg/ml, 

100%. All the treated groups showed dose-dependent cell death rates. In particular, compared to the coffee beans used in 

the control group, as the amount of collagen coated on coffee beans in the treated groups increased, the cell death rate 

tended to increase, but the difference does not seem to be significant compared to the results of other herb medicine-treated 

groups suggested in earlier studies. The level of cytotoxicity is no cause for concern.

Assessment of collagen biosynthesis

Fibroblast cells are cells that biosynthesize collagen fibers, elastin fibers and mucopolysaccharide that are constituents 

of the dermis. When the activity of fibroblasts is reduced by various causes such as aging and UV light, collagen fibers, 

elastin fibers and mucopolysaccharides are not sufficiently supplied to the skin, which shrinks dermis tissues, reduces 

elasticity and thus creates wrinkles. To assess the synthesis of collagen in fibroblasts (CCD-986sk) depending on the 

treatment of coating, fibroblast cells were treated with the extract of coffee beans and changes in the generated amount of 

collagen were measured by measuring procollagen type-I C peptide (PIP) using an EIA kit. The results are as shown in 

Figure 6.

When the cells were treated with retinoic acid at a concentration of 0.05 g/ml, 233.6 ng/ml of collagen was generated. μ

When they were treated with the coffee extract at a concentration of 312.5 g/ml, the amount of collagen generated in the μ

control, Collafee bean and Collafee bean presso groups was 190.6 ng/ml, 187.7 ng/ml and 195.2 ng/ml respectively. The 

Collafee bean presso group showed an increase by 2.8%, compared to the normal group, which demonstrates that the 

collagen-coated coffee bean samples increased the amount of collagen.

Inhibitory activity against Matrix Metalloproteinase-1 (MMP-1)

The cytotoxicity test was performed to measure the inhibitory activity of samples against MMP-1, and the viability of 

the control, Collafee bean and Collafee bean groups at a concentration of 82.5 g/ml was 91.2%, 98.4% and 86.6% resμ -

pectively, and at a concentration of 14.3 g/ml, 100%. For this reason, the concentration level was set between 82.5 g/ml μ μ

and 14.3 g/ml in the MMP-1 inhibitory activity test (Figure 7).μ

Connective tissues in the dermis are mainly composed of collagen and elastin, and the dermis has fibroblasts that 

synthesize and produce collagen and elastin. Collagen and elastin give elasticity to and support the skin, and when they 

become weak due to aging, the skin is easily damaged and aged. In addition, repeated exposure to UV light create 

Figure 6. Procollagen synthesis of Collafee bean extracts on fibrolast cell (CCD-986sk). Results are expressed as mean ± 

SD of data obtained from three independent experiments. RA=Retinoic acid.
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cytokines that inhibit the synthesis of collagen in the skin and increase the expression of enzymes that degrade collagen. In 

particular, matrix metalloproteinases (MMPs), a collagenase in the skin, increases, which repeatedly degrades collagen in 

the skin, and thus causes wrinkles. Therefore, to reduce wrinkles, it is necessary to inhibit the expression and activity of 

MMPs, and thus the degradation of connective tissues, and to increase the activity of fibroblasts in order to supply new 

connective tissues.

CCD-986sk cells were treated with UVB and TNF- (1 ng/ml), and the activity of MMP-1 was measured as shown in α 

Figure 8. The activity of MMP-1 in the control, Collafee bean, and Collafee bean presso groups at a coffee extract con-

centration of 78.25 g/ml was reduced by 13%, 11% and 10% respectively, compared to the control group not treated with μ

the sample solution after the treatment of UVB and TNF- (1 ng/ml) (Figure 8).α 

Assessment of In-vivo anti-photoaging effect 

When the skin is exposed to UV light, changes in the physical and biochemical properties of skin tissues are caused. UV 

irradiation increases the horny and epidermal layers, and, in this study, the groups treated with the extract of collagen- 

coated coffee beans showed a dose-dependent decrease in the thickness of the skin, compared to the control group treated 

■ Control 

■ Collafee bean 

■ Collafee bean presso 

Figure 7. Cell viability of Collafee bean extracts on fibroblast cell(CCD-986sk). Results were expressed as % of control and 

data were means ± SD. Significant differences were compared with control. *p < .05, **p < .01.

Figure 8. MMP-1 activities of Collafee bean extracts on fibrolast cell (CCD-986sk). Results are expressed as mean ± SD of 

data obtained from three independent experiments.
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with the coffee extract (Table 1).

In addition, long-term exposure to UV light in general increases the thickness of the epidermal layer over 2~3 times, and 

pleomorphic horny cells are observed in the epidermal layer. In the dermal layer, the deformed fiber structures of collagen 

and elastin are observed. That is, the thickness of the skin is increased as photoaging caused by UV light, unlike natural 

aging, increases the thickness of the horny layer to protect the dermal layer. The results of the H&E staining test showed 

that the thickness of the epidermal layer increased in the control group, while the thickness of the horny layer in the groups 

that used collagen-coated coffee beans was reduced (Figure 9).

UVB irradiation accelerates the creation of Nitricoxide (NO) and inflammatory factors such as prostaglandin E2, and 

excessively generates ROS, which destroys cell membranes and aggravates skin damage (López-Camarillo et al., 2012). It 

also accelerates the creation of pro-inflammatory cytokines such as IL-1 and IL-6, causing inflammatory reactions β 

(Hiromi et al., 2011). IL-1 is involved in the activity of paracrine and the excessive degradation of collagen, and plays a 

key role in the photoaging of the skin (Wang and Bi, 2006). It increases the activity of mastocytes upon UVB irradiation, 

and causes the generation and discharge of factors like histamine and IL-6, which results in inflammation and pain as well 

as itchiness, and thus further aggravate damage to the horny layer (Böhm et al., 2006). In addition, UV irradiation to the 

skin activates collagenases within the skin, which degrades collagen that contributes to the elasticity of the skin, and 

accelerates the dryness and aging of the skin (Imokawa et al., 2015). As these studies show, excessive oxidative stress 

generated by continuous exposure to UV light cuts the chains of collagen, elastin and hyaluronic acid and accelerates the 

creation of melanin, which reduces skin elasticity and causes skin aging along with wrinkles and pigmentation (Ha et al., 

2015; Xuan et al., 2016). The increasing activity of keratinocytes caused by UVB irradiation induces the creation of 

cytokines, and activates fibroblasts, generating cytokines and the expression of MMP -1 proteins (Kim et al., 2018).

Table 1. Inhibitory effect of Collafee bean extracts on UVB-irradiated mouse skin

Group Skin thickness (mm) Inhibition(%)

Normal 0.41 ± 0.02

Negative control 0.98 ± 0.05 -

Control 0.95 ± 0.07 5.5 ± 8.5

Collafee bean 0.87 ± 0.05* 11.8 ± 7.8

Collafee bean presso 0.83 ± 0.04** 21.3 ± 6.6

Note. Mean ± SD (n=5). Percent of control values.
*p < .05, **p < .01 when compared with negative control group.

Normal CTR Control 100 Collafee bean 100 Collafee bean presso 100

Figure 9. Microscopic evaluation of effect of Collafee bean extracts on UVB-damaged skin in hairless mouse. Skin section 

(5 mm) was prepared and stained using H&E staining method. Normal=UV not treated; CTR=Negative control; 

Control 100=100 μl of coffee treated; Collaffee bean 100=100 μl of low dose collagen coated coffee treated; 

Collaffee bean presso 100=100 μl of high dose collagen coated coffee treated.
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As the skin ages, the density of fibroblasts decreases and shows a significant correlation with the density of collagen 

fibers and elastic fibers, reducing the number of fibroblasts. The decreasing density of collagen fibers and elastic fibers 

decreases indicates the involvement of fibroblasts in the performance of protein synthesis (Song et al., 2007).

Collagen slows down the generation of wrinkles and a decrease in skin elasticity caused by UV light and restores the 

damaged dermal layer (Kim et al., 2011), and the intake of collagen increases the thickness of the dermal layer and eases 

pigmentation (Jeon and Kang, 2009). It was also reported that the intake of collagen peptides protects skin barriers (Kim et 

al., 2011). Collagen is an important constituent that forms the skeletal system of vertebrate and invertebrate animals, and, 

in particular, collagen is an important fiber protein that composes mammals’ skin, cartilage, tissue and tendon (Pei et al., 

2000), but the synthesis of collagen decreases and matrix metallo proteinases (MMPs) that degrade collagen increases 

with age (Banning, 2008). Therefore, it seems to be easier to increase the concentration of collagen in the blood with the 

antecedents of collagen absorbed as a peptide through the intake of collagen than to induce the synthesis of collagen with 

amino acid digested and absorbed from proteins (Kang and Lee, 2010), which has increased interest in collagen peptides. 

In particular, the absorption rate of collagen is important, and it was reported that administering collagen with vinegar 

increases the absorption of collagen (Kang and Lee, 2010).

The oral intake of collagen is also known to strengthen and shine hair and finger and toe nails. Kim et al. (2009) obser-

ved the protecting effect of collagen peptide compounds against skin damage such as the loss of skin moisture induced 

through the in-vivo UV treatment for 10 weeks, and reported that the intake of the compounds eased symptoms caused by 

the UV treatment such as the increasing number of wrinkles, the reduced elasticity of the skin, the increasing proliferation 

of abnormal horny cells and thus the increasing thickness of the skin, and that collagen peptide compounds protect the skin 

from UV, improve the elasticity and moisturizing ability of the skin, and thus contributes to the normal functioning of the 

skin (Kim et al., 2009). It was also reported that collagen peptides increased the diameter and density of dermal collagen 

fibers in vivo, and that the oral intake of collagen peptides improved the skin in an in-vivo photoaging model (Shigemura 

et al., 2009; Kikuta et al. 2003; Sibilla et al., 2015). Preclinical studies that used animal models reported that collagen 

peptides or gelatin thickened collagen fibers (Matsuda et al., 2006; Minaguchi et al., 2005). The intake of collagen pep-

tides was also found to have the effect of healing ulcers similar to the intake of arginine (Nakao et al., 2013), and the 

repeated oral administration of hydroxy proline and Pro-Hyp significantly moisturized the skin photoaged by UV light, 

reduced the thickness of the skin, and restored the damaged dermal layer (Lee et al., 2008). In addition, low molecular 

asteriasamurensis collagen peptides were reported to block signaling pathways that increase the activity of AP-1 under 

UVA irradiation, and to inhibit the expression of MMP-1, contributing to reducing wrinkles (Kwon et al., 2007).

Commercialized collagen peptides are made by extracting and heating high molecular collagen from fish scales and the 

skin of pigs and cows to transform it into gelatin and hydrolyzing gelatine. The collagen peptides are degraded by enzymes 

into amino acid in the body, but collagen peptides are resynthesized by vitamin (Shin et al., 2016). Among various colla-

gen peptides, fish scale collagen can be easily cleaned and dried (Jung et al., 2015), and thus it is necessary to develop 

materials by utilizing collagen peptides extracted from fish scales. Against this backdrop, this study compared the effect of 

coffee beans coated with fish scale collagen peptides on skin aging. 

Photo or intrinsic aging reduces collagen fibers in the dermal layer, creates wrinkles on the skin and makes the skin sag 

and loose elasticity. In addition, elastin proteins that have mesh structures in the dermal layer are also reduced, which is 

known to be closely related to the reduced elasticity of the skin. Therefore, the long-term oral intake of collagen peptide 

compounds that contain a small amount of elastin peptides significantly increases the synthesis of procollagen in 

fibroblasts in the dermal layer, which is expected to ease the generation of wrinkles and the reduced elasticity of the skin 

caused by the damaged dermal layer structure by UV.
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Conclusion

The effects of the extract of coffee beans (Coffea arabica, C. canephora) of the Rubiaceae family, and those coated with 

collagen peptides on skin aging, specifically photoaging, were examined based on several criteria including improvement 

in wrinkles, whitening, antioxidation, and collagen synthesis in fibroblasts. Fish collagen peptide powder separated from 

fish scales (1.3%) was coated on coffee beans, and the extract of the coated coffee beans was used in the tests of enzyme 

inhibition and animals. There was no significant effect of collagen on inhibiting the activity of enzymes associated with 

skin aging, pigmentation, reducing wrinkles and antioxidation. However, the long-term oral intake of collagen peptide 

compounds with coffee was found to significantly increase the synthesis of procollagen in fibroblasts in the dermal layer 

and to ease the thickened horny layer and skin caused by UV light. Based on these results, it is expected to contribute to 

ease the generation of wrinkles and the reduced elasticity of the skin caused by the damaged structure of the skin from a 

long-term perspective. Collagen-coated coffee showed a dose-dependent increase in the biosynthesis of collagen, and thus 

the oral intake of collagen-coated coffee is expected to ease the thickened horny layer caused by photoaging and the 

reduced density of fibroblasts caused by aging. Therefore, coating coffee beans with collagen peptides (1.3 wt%) can be 

utilized in developing functional beverages.
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