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Chapter 1. Identifying the bioactive compounds in SCG through global 

metabolomics analysis (XCMS) 

Abstract: Annually, more than 6 million tons of spent coffee grounds (SCG) are 

generated worldwide. The present study explores the possible use of spent coffee grounds 

as the raw materials for cosmetics industry. The main objective of this project are to 

investigate the chemical profiles and identify the bioactive compounds for cosmetics 

application through global metabolite analysis. The compounds extracted from SCG of 

Ethiopia coffee (Yirgacheffe), Costa Rican coffee (Tarrazu) and Hawaiian coffee (Kona 

Blend) were analyzed by ultra-high pressure liquid chromatography coupled with mass 

spectrometry (UPLC-MS). The ion chromatograms were submitted to XCMS platform 

operated by Center for Metabolomics at the Scripps Research Institute.  The peak 

detection, peak grouping, spectra extraction, and retention alignment were processed by 

XCMS.  The spectra were annotated and the compounds were identified and categorized 

by integration with METLIN, the world's largest metabolite database. Multivariate and 

univariate statistical analysis including PCA and cloud-plot were performed by XCMS to 

compare the chemical profiles between the three coffee cultivars. These analyses 

indicated that each cultivar showed a specific cluster. Over 300 compounds related to 

anti-oxidant, anti-inflammatory, anti-tyrosinase and anti-tumor for skin care application 

were identified by XCMS. Therefore, the presence of bioactive compounds in SCG 

makes it a potential source of raw material for cosmetic application (e.g., anti-oxidant, 

anti-inflammatory, skin-whiting, and anti-aging). 
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1. Introduction  
 

In USA alone, more than 4000 tons of coffee are consumed every day. Annually, more 

than 6 million tons of spent coffee grounds (SCG) are generated worldwide (Mussatto et 

al., 2011b). Conventionally, the uses of the SCG has been only limited to home gardening 

(Cruz et al., 2012), compost (Adi and Noor, 2009) and landfills. Recent studies have 

suggested that SCG could be an excellent source of high value phenolic compounds 

which have wide applications in personal care products (Mussatto et al., 2011a). For 

examples, commercialized extracts which contain chlorogenic acids, major compounds in 

SCG, with proanthocyanidins, quinic acids, and ferulic acid have shown positive results 

for facial skin care purpose due to their antioxidant, anti-aging, anti-inflammatory 

activities (Esquivel and Jiménez, 2012). Several compounds such as phenolic acids that 

have shown strong anti-microbial effects were also found in the extracts (Table 1.1). 

Table 1.1 shows variety of major compounds in extracts reported in the previous studies 

that have biological function related to skin care. Among these, SCG contain large 

amounts of phenolic acids such as caffeoylquinic acids, dicaffeoylquinic acids, 

feruloylquinic acids, and p-coumaroylquinic acids (Zuorro and Lavecchia, 2012) showing 

strong antioxidant, anti-fungal, skin-whitening, anti-aging, and antimicrobial properties 

or other skin-care applications. Especially, antioxidant reaction, as a result of free radical 

scavenging activity, was attributed to the presence of these phenolic compounds in SCG. 

This is because the brown pigments such as phenolic polymers generated from roasting 

process protect cells from oxidative damage (Ramalakshmi et al., 2009). Additionally, 

several flavonoids in SCG are known to be responsible for the antioxidant activity 

(Mussatto et al., 2011a). Figure 1.1 shows flavonoids such as cyanidin, resveratrol, 
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quercetin, apigenin, hesperetin with strong antioxidant effects against UV for reduced 

skin damage. These flavonoids also possess anti-aging and anti-melanogenesis efficacy 

as well (Arung et al., 2011; Kitagawa et al., 2011; Wang et al., 1999). In addition to 

phenolic acids and flavonoids, caffeine, one of the major bioactive alkaloid in SCG 

contributes significantly in reducing interfacial tension between water and oil phase, 

important in defining the emollient characteristics of cosmetics.(Campos-Vega et al., 

2015). Likewise, galactomannans acts as excellent stiffeners and emulsion stabilizers in 

cosmetics as a crude flour form (Silveira and Bresolin, 2011). This polysaccharide mostly 

remains as insoluble material bound to the SCG matrix during coffee brewing (Campos-

Vega et al., 2015). Due to considerable amount of these bioactive compounds, it provides 

an excellent opportunity to utilize the organic-based SCG as a potential valuable raw 

material in cosmetics industry. Although several cosmetics applications of SCG have 

been reported and identified, the bioactive compounds in SCG have never been 

systematically studied or characterized.  To date, most of the bioactive compounds were 

isolated and identified through the conventional labor-intensive and time-consuming 

bioassay-guided fractionation followed by targeted analysis and NMR structural 

elucidation.   

Recent advances of metabolomics science, mass spectrometry, computation capacity, 

and compound libraries have allowed systematic identification and characterization of 

bioactive phytochemicals. Over the last decades, untargeted global metabolomics 

analysis has been utilized as a powerful tool for natural product research through 

processing raw spectra information acquired from mass spectrometry such as liquid 

chromatography-mass spectrometry (LC-MS) and gas chromatography-mass 



 
4 
 

spectrometry (GC-MS). Currently, several freely available or commercial metabolomics 

software platforms such as Metab, Mzmatch, MZmine and XCMS have emerged. 

However, each software platform has some technical limitations due to installation 

requirement, or requirement of command line interface which demand advanced 

computer skills, or lack of the data analytical tools in the package. For example, both 

Metab and Mzmatch do not provide any statistics analytical tools, such as principal 

component analysis (PCA) in the software package, and therefore users may need 

additional statistical analysis. For the accurate mass LC/MS data, XCMS shows higher 

detection percentages than MZmine (Coble and Fraga, 2014). The technical challenges of 

several platforms and user unfriendly interfaces often require scientists or clinicians 

collaborate closely with bioinformatics laboratory for data processing (Tautenhahn et al., 

2012). One way to solve these problems is the development of user-friendly interfaces 

with strong analytic algorithms and comprehensive libraries and database.  

As a solution, XCMS Online, an open sourced and web-based metabolomics platform 

was launched with powerful analyzing algorithms and comprehensive MS and MS/MS 

metabolite database through improvement of XCMS R packaging version. Newly 

developed online platform allows easy file uploading, parameter setting, and result 

interpretation (Tautenhahn et al., 2012). As a result, XCMS Online has been known as 

the “World’s most cited metabolomics software” cited in literature over 1000 times (Ubhi 

et al, 2014). It has detection algorithm, quality assessment, metabolite identification 

(Wen et al., 2017) coupled with METLIN database.  

Compared to other platforms, XCMS Online offers a more comprehensive package 

that integrates the signal deconvolution, library matching, and statically analysis 
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including interactive cloud plot (univariate) and interactive PCA (multivariate). XCMS 

Online includes peak detection, profile alignment, feature annotation, and exploratory 

statistical analyses (Libiseller et al., 2015) with customized parameter setting. According 

to its peak detection algorithm, it covers both low-resolution, and high-resolution using 

matchedFilter method and centWave method respectively (Smith, 2013). Interactive 

platform can monitor the statistical output of both univariate (cloud plot) and multivariate 

(PCA) in real time by adjusting various parameters (Gowda et al., 2014). For identifying 

distinct metabolites between two classes, it considers which intensities are significantly 

different from sample class to sample class and rank the metabolites by p-value (Smith et 

al., 2006). These statistical results are valuable when researchers are looking for distinct 

metabolites between two treatments (basically control versus sample) or visualized 

cluster between treatments. The seemly integration of METLIN library into XCMS 

allows rapid identifying list of candidates of compounds for each extracted ion 

chromatogram based on accurate mass (Smith et al., 2006). The METLIN and METLIN 

mobile now include more than 961,820 molecules providing information for each 

compound such as name, systematic name, structure, elemental formula, mass, CAS 

number, KEGG ID and link, HMDB ID and link, PubChem ID and link, commercial 

availability and direct search options on the molecule itself (https://metlin.scripps.edu/).  

With the development of non-targeted metabolomics algorithm and computational 

capacity, analytical instrument such as high resolution mass spectrometry enable high-

throughput chemical profiling in crude samples for natural product research. Compare to 

targeted analysis, non-targeted analysis requires high resolution mass spectrometer 

(HRMS) to screen (Un)known chemicals in the samples (Ruff et al., 2015). Several 
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concerns about non-targeted analysis due to massive amount of data processing, are being 

solved by recent advancement in computation power, deconvolutions software algorithms 

and the design of mass spectrometers. Since HRMS can measure molecular weights more 

accurately with several decimal, compounds with similar mass can be distinguished by 

HRMS that provides precision of molecular formula to be narrowed down to only a few 

possibilities. There are several mass spectrometers that have been widely used for 

untargeted analysis; time-of-flight (TOF) or orbitrap (Ruff et al., 2015). In the interest of 

screening unknown or less common compounds, liquid chromatography coupled to mass 

spectrometry (LC-MS) with time-of-flight (TOF) analyzers (TOF-MS or QTOF-MS) is 

most suitable, due to its accurate mass analysis, resolving power, enhanced selectivity 

and high sensitivity (García-Reyes et al., 2007). A large number of targets could be 

screened simultaneously without sensitivity loss and unknown peaks can be identified 

through accurate mass evaluation. Besides TOF-MS having 5000 FWHM (term of mass-

resolving power) (Petrovic et al., 2006), Orbitrap-MS is the most recent instrument for 

HRMS-based non-target screening providing much higher mass-resolving with 280,000 

FWHM (Kaufmann, 2014).  

These innovational technologies especially XCMS Online metabolomics platform 

could be extremely helpful to reduce time spent in processing the huge data sets for 

health-promoting compound identification in each SCG cultivars and the SCG cultivar 

comparison analysis in our study. These qualitative and quantitative analysis could 

quickly help translate the benchtop experiments into real-world practical application in 

the cosmetic industry.  
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1. Cyanidin                               2. Resveratrol                           3. Quercetin 

 

4. Apigenin                           5. Hesperetin                   6. 3,5-Di-O-caffeoylquinic acid 

 

Figure 1.1. Bioactive compounds related to UV protection efficacy 

1 Cyanidin Anti-oxidant, Anti-inflammatory, Anti-cancer, Skin protection, anti-aging 

2 Resveratrol Anti-inflammatory, antioxidant, anti-aging, photo protection 

3 Quercetin Anti-bacterial, anti-oxidant, skin protection, Anti-melanogenesis 

4 Apigenin Anti-inflammatory, antioxidant and anticancer, UVA/UVB-induced skin carcinogenesis 

5 Hesperetin Photoprotective, Anti-inflammatory, antioxidant 

6 3,5-Di-O-caffeoylquinic acid Antioxidant, anti-tyrosinase 

 

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiR7IK_w_HWAhVlzoMKHWmJCAEQjRwIBw&url=https://ko.wikipedia.org/wiki/%EB%A0%88%EC%8A%A4%EB%B2%A0%EB%9D%BC%ED%8A%B8%EB%A1%A4&psig=AOvVaw2vUdCKtkYJ9ig7ijVQth1W&ust=1508119057755174
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiDjYb3w_HWAhUBzIMKHQjDBisQjRwIBw&url=https://en.wikipedia.org/wiki/Cyanidin&psig=AOvVaw3_Y8p5BY_JRW639a7DpIkH&ust=1508119191284004
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj0_fykw_HWAhUb0IMKHZjkCMoQjRwIBw&url=https://joshmitteldorf.scienceblog.com/2017/04/07/is-fasting-senolytic/&psig=AOvVaw0DtKshslBIqUObgI19HsVs&ust=1508118981497399
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiTyOfHxPHWAhVqxYMKHbaJAW0QjRwIBw&url=https://en.wikipedia.org/wiki/Hesperetin&psig=AOvVaw2fOSiozKadsPx0ljm3oqBs&ust=1508119360659994
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiksa6__PLWAhXr6YMKHT9kBWoQjRwIBw&url=http://www.sigmaaldrich.com/catalog/product/sigma/smb00131&psig=AOvVaw34gGQcEra3o929tdscRb4v&ust=1508168684289704
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Table 1.1. Major compounds exist in natural resources that have biological function related to skin care. 

The list of bioactive compounds have been reported, showing antioxidant, Anti-fungal, skin-whitening, 

anti-inflammatory, anti-aging, and antimicrobial properties or other skin-care applications. 

 

 Compound name Biological function 

1 Quercetin1,2 Anti-bacterial, anti-oxidant, skin protection, anti-

melanogenesis 

2 Resveratrol2,3,16 Anti-inflammatory, antioxidant, anti-aging, photo 

protection 

3 Cyanidin4,5 Antioxidant, anti-inflammatory, anti-cancer, skin 

protection, anti-aging 

4 Apigenin6,7 anti-inflammatory, antioxidant and anticancer, 

UVA/UVB-induced skin carcinogenesis 

5 Curcumin8,9 Anti-inflammatory, photo-protective, anti-cancer 

6 Delphinidin10,11 Anti-proliferative, anti-inflammatory, antioxidant, anti-

mutagenic, anti-angiogenic 

7 Malvidin12 Antioxidant, anti-inflammatory 

8 Pelargonidin13, 14 Anti-inflammatory, antioxidant 

9 Isorhamnetin14 Anti-inflammatory, anticancer 

10 Kaempferol14 Anti-inflammatory ,hypoglycemic and antioxidant 

11 Daidzein14 Anti-inflammatory, anti-carcinogenic, anti-inflammatory 

12 Genistein14 Anti-inflammatory, antioxidant and anticancer 

13 Caffeic acid15 Antioxidant 

14 Chlorogenic 

acid15,16,41 

Anti-inflammatory, antioxidant, anti-aging, anti-skin 

cancer, antimicrobial 

15 Luteolin17, 30 UV protective, antioxidant, anti-inflammatory, anti-

melanogenic 

16 Tangeritin18 Anti-inflammatory and anti-skin cancer 

17 Myricetin19 UVB-induced skin cancer, anti-wrinkle 

18 Proanthocyanidins20 Skin lightening, antioxidant 

19 Hesperetin21 Photo protective, anti-inflammatory, antioxidant 

20 Naringenin14,21, 47 Anti-inflammatory, anti-oxidant and anti-tumor, photo-

protective 

21 Gallic acid22,23 Anti-skin tumor, antioxidant, anti-tyrosinase 

22 Vanillic acid24 Antioxidant, anti-tyrosinase 

23 Protocataechuic 

acid25 

Antioxidant 

24 Dicaffeoylquinic 

acid26 

Antioxidant, anti-tyrosinase 

25 Tannic acid22, 27 Anti-skin tumor, anti-bacterial 

26 p-Coumaric acid28 Anti-pigmentation 
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27 Taxifolin29, 30 Anti-skin carcinogenesis, anti-tyrosinase 

28 Luteolin30 Anti-melanogenic 

29 Naringin31 Skin photo protection, antioxidant, anti-carcinogenic  

30 Chrysin32 Skin protection, anti-inflammation and anti-oxidation 

31 Rutin33 Anti-inflammation, anti-oxidation 

32 Ethylguaiacol34 Antimicrobial 

33 Vinylguaiacol34 Antimicrobial 

34 Cinnamic acid35 Anti-tyrosinase, antioxidant and antimicrobial 

35 Vanillin36 Antioxidants, antibacterial, antimicrobial anti-

inflammatory 

36 Glycitin38,39,40 Anti-photo aging, anti-inflammatory, anti-aging 

37 Genistin42 Prevent UV-induced skin damage 

38 Caffeine44,45,46 Antioxidant, anti-skin cancer, antimicrobial 
1: (Ramos et al., 2006) 

2: (Choquenet et al., 2008) 

3. (Alarcon De La Lastra and Villegas, 2005)  

4: (Choi et al., 2010)  

5: (Wang et al., 1999) 

6: (Svobodová et al., 2003) 

7: (Kris-Etherton et al., 2004) 

8: (Saraf and Kaur, 2010) 

9:(García-Bores and Avila, 2008) 

10: (Chamcheu et al., 2015) 

11: (Bin Hafeez et al., 2008) 

12: (Bognar et al., 2013) 

13: (Noda et al., 2002) 

14: (Hämäläinen et al., 2007) 

15: (Sato et al., 2011) 

16: (Kitagawa et al., 2011)  

17: (Wölfle et al., 2011) 

18: (Yoon et al., 2010) 

19: (Jung et al., 2010) 
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20: (Yamakoshi et al., 2003)  

21: (Bonina et al., 1996) 

22: (Perchellet et al., 1992) 

23: (Kim, 2007) 

24: (Chou et al., 2010) 

25: (Tseng et al., 1996) 

26: (Iwai et al., 2004) 

27: (Akiyama et al., 2001) 

28: (Seo et al., 2011) 

29: (Oi et al., 2012) 

30: (An et al., 2008) 

31: (Ren et al., 2016) 

32: (Wang et al., 2011) 

33: (Choi et al., 2014) 

34: (Banister and Cheetham, 2001): 

35: (Kong et al., 2008) 

36:  (Makni et al., 2011) 

37:  (Jin et al., 2012) 

38:  (Seo et al., 2014) 

39:  (García-Lafuente et al., 2009) 

40: (Kim et al., 2015) 

41:  (Zhao et al., 2010) 

42: (Russo et al., 2006) 

43: (Arung et al., 2011) 

44:  (Devasagayam et al., 1996) 

45: (Lu et al., 2002) 

46: (Almeida et al., 2006) 

47: (An et al., 2010) 
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2. Objectives  
 

Over the past several decades, most of the bioactive compounds identified in coffee and 

its by-products were through the labor-intensive conventional bio-assay guided 

purification schemes followed by structural analysis (e.g., NMR and MS/MS).  Although 

high-resolution and tandem mass spectrometry have been utilized for structural 

elucidation process, the process often requires manual database searching for compound 

identification.  Due to these technical limitations and time-consuming processes, it has 

been challenging to systematically characterize the bioactive compounds in coffee 

extracts.  Recent advances in metabolomics science, mass spectrometry, computation 

capacity, and compound libraries have made this task possible.  

The goal of this project is to investigate the chemical profiles of SCG derived from three 

coffee cultivars through global metabolite analysis and gauge the potential use of SCG 

from these cultivars cosmetics application. 

The specific objectives of this study are as following: 

1. Identify and characterize the health-promoting polyphenols, and other health-

promoting secondary metabolites in SCG using global metabolomics approach (XCMS). 

2. Compare the chemical profiles between the SCG extracts from Ethiopia coffee 

(Yirgacheffe), Costa Rican coffee (Tarrazu) and Hawaiian coffee (Kona)  

3. Materials and Methods   
 

Figure 1.3 illustrated the flowchart of the SCG research using a non-targeted 

metabolomics approach.  In this scheme, the compounds were extracted, and analyzed by 
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UPLC-MS and UPLC-HRMS (Bruker maXis Q-TOF), followed by XCMS Online 

analysis coupled with METLIN compound database. The list of identified bioactive 

compounds through this global metabolomics approach were compiled. 

 

3.1. Sample preparation 
 

SCG from three Arabica coffee cultivars including Ethiopian Yirgacheffe, Costa Rican 

Tarrazu, and Hawaiian Kona were selected for this study. Roasted and ground coffee 

were purchased from the local Lakota Coffee (Columbia, Missouri). After brewing for 5 

minutes, SCG were collected. Twenty-five grams of wet SCG (78% water, about 5.5 g 

DW equivalent) were homogenized with blender and the compounds were extracted with 

200 ml methanol (HPLC-grade, purchased from Fisher Scientific, Pittsburg, PA, USA). 

The extract was then sonicated for 60 mins and filtered through Whatman phase 

separators (silicone treated filter paper, diameter 125mm). Each SCG extracts from three 

cultivars was prepared as independent triplicates. 

 

3.2. LCMS Analysis 

3.2.1. LC-Low Resolution conditions: The LCMS analysis was performed by a 

Waters Ultra-High Performance Liquid Chromatography system coupled with Waters 

Xevo TQ triple quadrupole mass spectrometer (HPLC-MS/MS). The compounds were 

separated by a Phenomenex (Torrance, CA) Kinetex C18 (100mm x 4.6 mm; 2.6 µm 

particle size) reverse-phase column. The mobile phase consisted of 10mM ammonium 

acetate and 0.1% formic acid in water (A) and 100%  acetonitrile (B). The gradient 

conditions were 0–0.5 min, 2% B; 0.5–7 min, 2–80% B; 7.0–9.0 min, 80–98% B; 9.0–
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10.0 min, 2% B; 10.0–15.0 min, 2% B at a flow rate of 0.5 ml/min.  The MS system was 

operated using electrospray ionization in the either negative ion mode (ES-) or positive 

(ES+) with capillary voltage of 1.5 kV (ES-). The ionization source was programmed at 

150C and the desolvation temperature was programmed at 750C. 
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Figure 2.2. Flow chart of the SCG metabolomics approach project using Waters Xevo UPLC-MS for non-

VOC analysis and XCMS global metabolomics platform. 
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3.2.2 The LC-HRMS conditions: LC-MS analysis was performed on a Bruker 

maXis impact quadrupole-time-of-flight mass spectrometer coupled to a Waters 

ACQUITY UPLC system. Separation was achieved on a Waters C18 column (2.1x 100 

mm, BEH C18 column with 1.7-um particles) using a linear gradient of 95%:5% to 

30%:70% eluent A:B (A: 0.1% formic acid, B: acetonitrile) over 30 min. Between 30-

33min, the a linear gradient was increased from 70% to 95% B, and maintained at 95%B 

for 3 min. The percentage of B was maintained at 5% from 36-40 min. The flow rate was 

0.56 mL/min and the column temperature was 60 C. Mass spectrometry was performed in 

the negative (or positive) electrospray ionization mode with the nebulization gas pressure 

at 43.5 psi, dry gas of 12 l/min, dry temperature of 250C and a capillary voltage of 

4000V. Mass spectral data were collected from 100 to 1500 m/z and were auto-calibrated 

using sodium format after data acquisition. 

 

3.3 Global metabolite profiling using XCMS and METLIN Library 
 

 

Figure 1.3. Flow chart of Metabolomics Data Processing.  



 
16 

 

XCMS Online data processing includes peak detection, retention time correction, 

alignment, annotation, and statistical analyses (Figure 1.3). First, determining the 

boundaries, centres and intensities of the two-dimensional peak signals in the LC/MS raw 

data is called feature detection (Tautenhahn et al., 2008). According to its peak detection 

algorithm, it covers both low-resolution, and high-resolution using matchedFilter method 

and centWave method respectively (Smith, 2013). After peak detection, XCMS Online 

uses nonlinear methods to compensate for retention time drifts between samples 

(Tautenhahn et al., 2012). All total ion chromatogram (TIC)s should be aligned to 

compare compound quantities between fractions after retention time correction,. XCMS 

Online uses the OBI-Warp (Ordered Bijective Interpolated Warping) retention time 

alignment method based on dynamic time warping with a one-to-one (bijective) smooth 

warp-function, especially for ESI-LC-MS data (Smith et al., 2006). Next step is ion 

annotation. By annotating at least two ions, the molecular mass can be calculated which 

is necessary to search compound libraries (Kuhl et al., 2011). After preprocessing, 

statistical analyses were conducted. For identifying distinct metabolites between two 

classes, it considers which intensities are significantly different from sample class to 

sample class and rank the metabolites by p-value (Smith et al., 2006). XCMS Online 

provides statistical result of data processing such as interactive cloud plot, principle 

component analysis (PCA), and non-metric multidimensional scaling (MDS).  

 

3.3.1. Low resolution data processing through XCMS  

The ion chromatograms generated from MS (.cdf) files including triplicate samples for 

each SCG cultivars were submitted to XCMS platform operated by Center for 
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Metabolomics at the Scripps Research Institute. The peak detection, peak grouping, 

spectra extraction, retention alignment, were processed by XCMS (Figure 1.3). The job 

was defined a multi-group job for comparative analysis to distinguish chemical profiling 

between three cultivars and the nearest instrument option, HPLC / Single Quad – HPLC 

with ~60 min gradient, Single Quadrupole MS was selected. For feature detection, the 

parameters were set as the following, mass tolerance of 30 ppm in consecutive scans, 

peak width of 10-60 s, S/N threshold of 6,  and matched Filter algorithm  was selected for 

low resolution data analysis. Both positive and negative polarity were analyzed. For the 

retention time alignment, the peakgroups method with m/z width 0.25 s, 5 (50%) of 

minimum fraction of samples was selected to make at least one of the sample groups 

valid. In every XCMS data processing, ‘plant’ was selected as a biosource. Post-hoc 

analysis in multi-group job was performed. Multivariate analysis and principle 

component analysis (PCA) were performed by XCMS to compare the chemical profiles 

between the three coffee cultivars. The spectra were annotated and the compounds were 

identified and categorized by the integration of the METLIN, the world's largest 

metabolite database. Each identified compound was assigned and related to its biological 

pathway through XCMS biological pathway/network analysis.  

 

3.3.2. High resolution data processing through XCMS  

Pairwise job was selected for two-group comparison study. First, we compared among 

cultivars without control. For example, Ethiopian Yirgacheffe versus Costa Rican 

Tarrazu, Costa Rican Tarrazu versus Hawaiian Kona, Hawaiian Kona versus Ethiopian 

Yirgacheffe. In second two-group comparison analysis, we used control (MeOH) with 
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each cultivar such as control versus Ethiopian Yirgacheffe, control versus Costa Rican 

Tarrazu, control versus Hawaiian Kona. Each file group was submitted as triplicates. In 

the instrument selection, UPLC/Bruker QTOF POS was marked for high resolution data 

analysis, which automatically activates centWave algorithm, a newly published algorithm 

designed for centroid and high-resolution data analysis for both two-group comparison 

study. Parameters in high resolution analysis were set as follows: maximal tolerance of 

10 ppm between successive measurements, peak width of 5-20 s, S/N threshold of 6 and 

obiwarp algorithm for retention time correction and alignment (width of overlapping m/z 

slices 0.015, minimum fraction of samples 0.5 for group validation). To visualize 

differences between two samples in pairwise job, 0.001 of p-value threshold and 1.5 of 

fold change was selected to be considered highly significant.  

 

4. Results 
 

XCMS Online allows for visualization of statistical results such as interactive cloud plot 

and principal component analysis (PCA). Both functions could be applied to multi-group 

and two-group comparison. Through multi-job using low resolution data, three clusters in 

PCA and non-metric multidimensional scaling were used to closely examine and 

differentiate the chemical profiles and composition between the SCG extracts from 

Ethiopian Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona. Pairwise job using high 

resolution data enables comparisons between cultivars and provides statistical analysis as 

well. Lastly, pairwise analyses were performed to identify the bioactive compounds and 

evaluate their relative concentrations between the three cultivars. The results of pairwise 

analyses were compiled in table 3.1 (see Appendix A.) sorted by their compound groups 
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including phenolic acids, flavonoids and other compounds with their activities such as 

antioxidant, anti-inflammatory, and other biological effects relevant to skin protection.  

 

4.1. Multi-group Comparison between three SCG cultivars using low 

resolution data 
 

XCMS provides information about a comparison of features extracted from the 

chromatograms using principal component analysis (PCA), non-metric multi-dimensional 

scaling and metabolomic cloud plot (Figure 1.4c) to visualize statistical results.  

For multi-job comparison analysis using XCMS, if more than three groups should be 

analyzed, multiple group analysis is more suitable. It enables the comparison between 

three SCG cultivars based on their metabolite features when they show significant 

difference. To distinguish each group as a specific cluster, Post-HOC multiple 

comparison was selected in parameter setting (Gowda et al., 2014).   

Multi-group cloud plot allows visualization of metabolite features if they vary 

significantly among each group. Cloud Plot is showed based on their retention time and 

m/z ratio. In figure 1.4c, statistical significance threshold (Kruskal–Wallis p-value) was 

entered as 0.01 in main panel. In addition to p-value, feature intensity, m/z, retention 

time, and circle radius ratio range were selected as 29706525, 993, 15, 0.1 default values, 

respectively. With each selected circle, the box-plot, EIC, Post-HOC, and METLIN were 

illustrated under the cloud plot. Among features, ID: 280 was selected which includes 

quercetin 3,7-di-O-sulfate which is our candidate of interest in composite database. 

Figure 1.4a represents the sulfate conjugate of quercetin which is significantly up-

regulated in the Hawaiian Kona (ESI(_)_K1) among other cultivals such as CostaRican 

Tarazzu (ESI(_)_T1), and Ethiopian Yirgacheffe (ESI(_)_Y1). Therefore, multi-group 
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analysis helps to compare relative feature intensity among different groups (in this case, 

among different cultivars) 
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Figure 1.4a. Box-plot generated from interactive cloud plot  

The relative concentration between three cultivars for ID 280 (in interactive cloud plot) were represented by Box-plot. ID 280 includes quercetin 3,7-di-

O-sulfate which is our candidate of interest in composite database. Each SCG extracts was shown in x-axis and its relative concentration was indicated 

in y-axis as signal intensity. 
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Figure 1.4b. Composite data base after mouse click on interactive cloud plot. Seven compounds were matched with METLIN database based on ion 

chromatogram of each circle. Compounds in composite DB linked to METLIN library it will show compound formula, structure, and spectrum.  
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 Figure 1.4c. Multi-group cloud plot. Metabolite feature which varies significantly (p < 0.01) from each groups are presented on cloud plot depending on 

their retention time (x-axis) and m/z (y-axis). Each circle indicates each compound feature. The color intensity of circle represents statistical significance 

(p-value). The size of the circle indicates feature intensity. If you move the mouse on each circle, p-value, q-value, m/z, RT, Max intensity will pop-up. 

With mouse click each circle, Box-plot, EIC, Post-HOC, and Composite database (METLIN) are displayed under the cloud plot. Compounds in 

composite DB are linked to METLIN library showing compound formula, structure, and spectrum.
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XCMS Online provides interactive multivariate principal component analysis (PCA). The 

results of the PCA analysis suggests that SCG samples from three different coffee 

cultivars (Ethiopian Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona) clustered by 

each group indicating chemical composition of cultivars is significantly different each 

other (Figure 1.5). The multivariate besides univariate analysis (cloud plot) are often 

required, when the differences between groups cannot be distinguished by simple 

separating method like univariate tests (Gowda et al., 2014). PCA is a major statistical 

tools in untargeted metabolomics for chemical profiling (Bartel et al., 2013). PCA 

reduces the dimensionality of the data while remaining as much of variation so it can 

detect differences between the groups. In figure 1.5, the three SCG cultivars were divided 

into each cluster by PCA. XCMS Online also provides scree plot, scores plot and loading 

plot in Interactive PCA tab (Figure 1.5a). The scree plot represents how many principal 

components were used in PCA. The scores plot visualizes cluster of submitted samples. 

Three clusters are examined through PCA which means three SCG cultivars have distinct 

compounds contents compared to each other. Non-metric Multidimensional Scaling 

(NMDS) plot also shows variation in the composition of SCG metabolite profiles. 
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Figure 1.5a, Interactive principal component analysis. A Scores plot shows the correlation between 

submitted samples. Three clusters represent each SCG cultivars which includes Hawaiian Kona 

(ESI(-)_K1), Costa Rican Tarrazu (ESI(-)_T1, and Ethiopian Yirgacheffe (ESI(-)_Y1).  



 

 
26 

 

 

Figure 1.5b. Principal Component Analysis (PCA) results: SCG samples from three different coffee 

cultivars (Ethiopian Yirgacheffe, Costa Rican Tarrazu, Hawaiian Kona) clustered by each groups. 

Individuals are projected in a reduced dimension space defined by component 1 (x-axis) and component 2 

(y-axis). Each color corresponds to a specific cluster. 
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Figure 1.5c. Non-metric multi-dimensional Scaling of different coffee cultivars (Ethiopian Yirgacheffe, 

Costa Rica Tarrazu, and Hawaiian Kona) shows that the chemical profiling is significantly different 

between three cultivars.  
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4.2. Identified bioactive compounds through global metabolomics analysis 

using high resolution data 

4.2.1 Two -group comparison study between control and each cultivar  

Through XCMS Online, around 200 bioactive compounds were identified including 22 

phenolic acids, 161 flavonoids 2 coffee alkaloids, 1 stilbenoid, and 3 anthraquinones (see 

table 3.1). Free forms of these identified compounds have bioactivity related to skin care 

such as antioxidant, anti-microbial, anti-inflammatory, anti-skin cancer and skin whitening 

effect. In table 3.1, each row represents compound name, m/z, retention time, relative 

concentration between cultivars (Yirgacheffe, Tarrazu, and Kona) and bioactivity of the 

free form. Comparison of maximum peak intensity among the three SCG cultivars was 

accomplished by combination of 3 two-group comparison analysis. Several compounds 

which shares same molecular weight with the same m/z and max intensity indicates 

candidate compounds of certain ion chromatogram. Most of the compounds are derivatives 

and glycosides of well-known anti-oxidant, anti-inflammatory, anti-bacterial or anti-photo 

aging compounds. These bioactive compounds include the derivatives or free form of 

cinnamic acid, hydroxycinnamic acid, glycosidic form of isorhamnetin, hesperetin, 

theaflavin derivatives, glycosidic form of chrysin, epigallocatechin coumaroylquinic acid, 

coumaric acid glycosides, caffeoylquinic aicd, dicaffeoylquinic acid, glycosidic form of 

quercetin, kaempferol, cyanidin, pelargonidin, malvidin, apigenin, fujikinetin, genistin, 

isovitexin, viexin, puerarin, daidzein, dihydroxyflavone, free form of glycitin, obtusifolin 

glycosides, formononetin glycosides and procyanidin glycosides were identified in SCG 

by XCMS Online.  
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Figure 1.6. Chemical structures of phenolic acid. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



 

 
30 

 

Many types of phenolic acids ,caffeine and flavonoids (flavonols, flavones, isoflavones, 

flavanones, anthocyanidins and flavanols) were identified in SCG through XCMS 

Online.For example, cinnamic acid, hydrocinnamic acid, p-coumaroylquinic acid, p-

coumaric acid glucosides, vanillic acid derivatives, 1,4-Dicaffeoylquinic acid 

(Isochlorogenic acid), chlorogenic acid were detected as a phenolic acid group.  

Phenolic acids: For the cinnamic acids, a wide range of derivatives were identified as 

described in Table 3.1. Among them, hydrocinnamic acid was detected at RT 23.79 and 

RT 14.21. Generally, Costa Rican Tarrazu has highest concentration of hydrocinnamic acid 

among the three cultivars. Likewise, this cultivar shows the highest amount of 4-Methoxy-

(2E)-cinnamic acid at RT 9.73. The detection of O-Methoxyhydrocinnamic acid in SCG is 

reported for the first time from this study. However, its bioactivity has not been carefully 

examined. The ion chromatogram showed that O-methoxyhydrocinnamic has m/z of 

181.0848 with the RT 6.03 min. The relative signal intensities of O-

methoxyhydrocinnamic were 29,768, 34,924, and 27,494 for Ethiopian Yirgacheffe, Costa 

Rican Tarrazu and Hawaiian Kona respectively. P-coumaroylquinic acid, only appeared in 

Hawaiian Kona variety, has been known for its strong antioxidant, and antibacterial activity 

(Pereira et al., 2007). As candidate compounds, trans-p-coumaric acid 4-glucoside and 

coumaric acid at RT 4.92, m/z 349.0898 were only identified in cultivar Tarrazu. Vanillic 

acid 5-(4-carboxy-2-methoxyphenoxy)-, was first identified by this study having m/z 

357.0585, RT 3.47. The free form of vanillic acid has been known for its strong bioactivity 

including antioxidant (Han et al., 1981), antibacterial and anti-fungal activity (Aziz et al., 

1998). Relative concentration of vanillic acid was the highest in Ethiopian Yirgacheffe as 

68,432, 14,468, 20,036 in each cultivars (4.73 times higher than Costa Rican Tarrazu 
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varieties). Epigallocatechin 3-O-vanillate is first discovered from our research. Through 

XCMS Online data processing, the compound was identified at RT 5.92 with m/z 457.1109 

in Costa Rican Tarrazu and Hawaiian Kona. In case of caffeoylquinic acid, only Costa 

Rican possesses 1,4-Dicaffeoylquinic acid and Cis-5-Caffeoylquinic acid with m/z 

517.1335 and 355.1025 respectively. On the other hand, 1-feruloyl-5-caffeoylquinic acid 

concentration appear higher in Ethiopian Yirgacheffe than Costa Rican Tarrazu. 

Isochlorogenic acid A (3,5-Di-O-caffeoylquinic acid), a compound with anti-oxidant and 

anti-tyrosinase activity so that it has value in and cosmetics (Iwai et al., 2004) showed 

highest concentration in Costa Rican Tarrazu varieties. In XCMS, the compound was 

identified with m/z 539.1149 at RT 6.67. XCMS also detected an anti-pigmentation 

compound from the methanol extract of SCG, which was identified as 4,5-𝑂-

dicaffeoylquinic acid (4,5-diCQA).  

Flavonoids: Quercetin, kaempferol, and isorhamnetin exist in glycosylated forms in SCG 

samples with various types of attached sugars, such as glucose, rhamnose, galactose, 

arabinose, and rutinose. As flavones, apigenin, chrysin, and hydroxyluteolin derivatives 

and dihydroxyflavone appeared in XCMS Online results table. Glycosylated flavanones 

such as naringin, and hesperetin glycosides were also detected. Isoflavones are commonly 

found in legume plants (e.g., soybean) (Amaral et al., 2006). However, XCMS Online 

detected the three major soybean isoflavones including genistein, daidzein, and naringenin 

attached with variety of glycosides in SCG samples. Also, isoflavones such as retusin, 

formononetin and fujikinetin glycosides were identified as candidate compounds. In 

addition, antocyanins including malvidin, cyanidin, pelargonidin glycosides, and 

glucopyranosylprocyanidin were detected through XCMS Online chemical profiling. 
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Relative concentration of flavonoids among SCG cultivars:  

A remarkable difference in the concentrations of 8-C-ascorbylepigallocatechin 3-gallate 

(m/z 633.1122, RT 35.86) were found between the SCG varieties. Previously, 8-C-

ascorbylepigallocatechin 3-gallate was identified in oolong tea with no known 

bioactivities. Through XCMS Online chemical profiling, this compound was found in SCG 

extracts. The highest concentration was found in Ethiopian Yirgacheffe, approximately 

3.24 times higher than that in Costa Rican Tarrazu. 

We found that caffeine, was the most abundant compounds in Ethiopian Yirgacheffe 

cultivar followed by isorhamnetin glycosides, isorhamnetin 3-(3'''-ferulylrobinobioside), 

E-cinnamic acid and isorhamnetin 3-glucosyl-(1->2)-galactoside-7-glucoside. Especially, 

isorhamnetin 3-glucosyl-(1->2)-galactoside-7-glucoside was found only in Ethiopian 

Yirgacheffe SCG. In case of E-cinnamic acid detected at RT 16.76, Hawaiian Kona showed 

the highest concentration of the compound among the three cultivars. Costa Rican Tarrazu 

had the highest concentration of dicaffeoyquinic acid.  

Flavonols such as quercetin and kaempferol are the most dominant flavonoids in foods and 

often exist in glycosylated forms (Manach et al., 2004). A wide range of quercetin 

glycosides including 3-sophoroside-7-glucuronide, 3-gentiobioside-7-glucuronide, and 7-

glucuronoside 3-sophoroside were detected as candidates for certain ion peak having m/z 

820.2114, and RT 4.57 in SCG samples. The maximum intensity generated by XCMS 

Online and high resolution SCG data files was 3,178 2,780 or 2,312 for Ethiopian 

Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona respectively. Likewise kaempferol 

exists in many types of glycosylated forms including 7-rhamonoside, diacetylrhamnoside, 
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p-coumarylrhamnoside, coumaroylrutinoside, galloylrutinoside, coumarylrobinobioside, -

galloyl-alpha-L-arabinopyranoside, arabinofuranosyl-(1->6)-glucoside. In the case of 

kaempferol with coumarylrobinobioside and diacetylrhamnoside moieties, the highest 

amount was found in Costa Rican Tarrazu. However, the levels of the glycosylated 

kaempferol with 7-rhamnoside (at RT 32.85) were around 2.7 times higher in Ethiopian 

Yirgacheffe than Costa Rican Tarrazu. The levels for the rest of kaempfrerol derivatives at 

RT 19.09 and RT 35.68 are the highest in Hawaiian Kona especially for latter case, the gap 

is 71% between Costa Rican Tarrazu. Isorhamnetin 5-glucoside that can be found in 

Artemisia capillaris (Wu et al., 2001) also isolated in SCG Ethiopian Yirgacheffe. 

Information about bioactivity related to cosmetics of Isorhamnetin 3-(4''-sulfatorutinoside) 

was rare likewise isorhamnetin 5-glucoside. Basically, contents of isorhamnetin glycosides 

are higher in Ethiopian Yirgacheffe. Among flavones, types of apigenin glycosides were 

noticeable in table 3.1. In case of apigenin 7-O-(6-O-malonylglucoside), it exists only in 

Ehiopian Yirgacheffe at RT 34.86. Apigenin 8-C-(6''-acetylgalactoside) and apigenin 7-

rhamnoside were not detected in Tarrazu and the concentration was rarely different 

between Yirgacheffe and Kona. Specially, the concentration of apigenin contained with 

acetylalloside in Ethiopian Yirgacheffe is 2.71 times higher than Tarrazu. The 7-O-beta-

D-glucoside of genistein was found at RT 5.57 only in Kona. Isoflavone glycosides, retusin 

7-O-glucoside which has been reported exists in plant Pterocarpus marsupium; 

leguminosae (Schmid et al., 2003) was identified in SCG Ethiopian Yirgacheffe varieties 

with m/z 464.1547, RT 23.9. Formononetin 7-O-glucoside-6''-malonate (formononetin 7-

O-(6''-malonylglucoside) was detected as candidates at RT 5.83 and RT 6.67 accompanied 

by isochlorogenic acid (dicaffeoyquinic acid) showing relatively high concentration in 
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Tarrazu. Isoflavone glycosides, fujikinetin 7-O-laminaribioside and fujikinetin 7-O-

glucoside were detected with quercetin 3-(4''-acetylrhamnoside)-7-rhamnoside at RT 32.85 

and with 8-C-beta-D-glucofuranosylapigenin 2''-O-acetate at RT 5.83 respectively. In 

former case, the concentration of this compound in Yirgacheffe is 2.71 times higher than 

concentration in Tarrazu.  

Among compounds described in table 3.1, anthraquinone glycosides such as physcion 8-

glucoside were only detected in Yirgacheffe. The concentration of another anthraquinone 

derivatives chrysophanol 1-tetraglucoside was 57% higher in Kona compared to Tarrazu. 

Lastly, various types of dihydroxyflavone (DHF) were selected in XCMS chromatogram 

peak at RT 20.28 with m/z 255.0655. The concentration of the compound in variety 

Ethiopian Yirgacheffe is 23 % higher than variety Costa Rican Tarrazu. 

 

Biological function 

Our analytical results have identified several major compounds having bioactivity related 

to skin care application such as antioxidant, anti-inflammatory, anti-microbial and other 

biological functions (see table 3.1). For example, among the 200 identified compounds, 

133 antioxidant, 132 anti-inflammatory, 13 anti-microbial, 15 anti-pigmentation, and 69 

anti-cancer agents were found. Additionally, 30 compounds which have been reported as 

components for skin protection against UV or anti-aging were also detected through XCMS 

Online.  

Antioxidant effect: Several phenolic acids with antioxidant effect were found in SCG 

through XCMS Online; caffeoyl quinic acids (Iwai et al., 2004), chlorogenic acids (CGA) 
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(Sato et al., 2011), cinnamic acid derivatives (Kong et al., 2008), and vanillic acids (Chou 

et al., 2010) are well-known as their antioxidant. SCG also contains apigenin, chrysin, 

quercetin, hesperetin, naringenin, kaempferol, cyanidin, pelargonidin, isovitexin and 

malvidin glycosides and the free from of these flavonoids have strong antioxidant activity 

(Saija et al., 1995) (Wu et al., 2011) (Torel et al., 1986) (Rice-Evans et al., 1996). Flavone 

tectochrysin in Ethiopian Yirgacheffe at RT 8.42 and the flavanol theaflavin which were 

detected in SCG by XCMS Online platform have been studied that it has antioxidant 

activity (Lee et al., 2003b) (CHEN and HO, 1995). Also, there is one interesting fact that 

7,8-dihydroxyflavone selected in XCMS chromatogram peak at RT 20.28 with m/z 

255.0655 has an antioxidant effect inhibiting cell-death from hydrogen peroxide (Chen et 

al., 2011). Isoflavones, formononetin derivatives containing malonate are detected at RT 

6.67 and the free form is known as antioxidants (Mu et al., 2009). Interestingly, puerarin 

4'-O-glucoside were reported as antioxidant as glycosides itself (Xiao et al., 2011). Among 

several kinds of procyanidin included in SCG sample, procyanidin B2 (epicatechin-(4β-8)-

epicatechin) are known as antioxidant (Sakano et al., 2005). Coffee alkaloid caffeine which 

is most abundant in SCG are also have antioxidant activity (Devasagayam et al., 1996). 

Lastly, eugenol and resveratrol are also studied widely as antioxidant (Bendre et al., 2016) 

(Mahal and Mukherjee, 2006).  

Anti-inflammatory effect: In table 3.1, it is revealed that a lot of compounds that have anti-

inflammatory effect with anti-oxidant activity. For example, the isoflavones daidzein and 

genistein, the flavonols isorhamnetin, kaempferol and quercetin, the flavanone naringenin, 

and the anthocyanin pelargonidin existed in SCG samples as glycosylated forms and their 

free forms are known as anti-inflammatory compounds inhibiting NF- κB activation (Rice-
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Evans et al., 1996). Additionally, other flavonoids such as malvidin (Huang et al., 2014), 

chrysin (Wu et al., 2011), isovitexin (Lv et al., 2016), and hydroxykempferol (Williams et 

al., 1999) 7,8-dihydoxyflavone, (Park et al., 2012), procyanidin B1 (Xing et al., 2015) are 

important anti-inflammatory plant flavonoids and were detected by XCMS Online with 

attached with glycosides. Other types of compounds including phenylpropanoid, 

stilbenoid, and anthraquinones were found in SCG with anti-inflammaotry activity (e.g. 

eugenol, resveratrol, chrysophanol, physcion) (Bendre et al., 2016) (García-Sosa et al., 

2006). Puerarin 4'-O-glucoside antioxidant introduced in above, has anti-inflammatory 

effect as well (Xiao et al., 2011).  

Other activities related to skin care: Among phenolic acids, E-cinnamic acid (RT 16.76), 

vanillic acid (RT 3.47), and dicaffeoylquinic acid (RT 6.67) has anti-tyrosinase effect 

which means skin whitening efficacy (Lin et al., 2011) (Chou et al., 2010) (Iwai et al., 

2004). Likewise, coumaric acid which was detected at RT 4.92 also has anti-pigmentation 

effect (An et al., 2010) while chlorogenic acid (5-Caffeoylquinic acid) affects to photo 

aging (Kitagawa et al., 2011). In case of caffeic acid, there has been some reports that it 

increases the chances of cancer. However, the International Agency for Research on 

Cancer (IARC), convened by the World Health Organization has just concluded that there’s 

no strong evidence  that coffee increases the chances of cancer which have mooted in the 

past (Loomis et al., 2016). In addition, the compound protects phospholipidic membranes 

from UV light-induced peroxidation (Bonina et al., 2002) and showed a significant 

protection to the human skin against UVB-induced erythema (Saija et al., 2000). 

Flavonoids which have been widely studied for skin protection properties are found in 

SCG. Among them, apigenin, genistin, genistein, daidzein, chrysin, eriodictyol, hesperetin, 



 

 
37 

 

and naringenin have been reported as photo protective agents against UV (Wang et al., 

2011) (Bonina et al., 1996) (An et al., 2010). Especially quercetin are notable for having 

anticancer, anti-melanogenesis, skin protection, and antibacterial effects (Svobodová et al., 

2003). Additionally, genistin detected in Kona at RT 5.57 was also reported to have 

protective effect on UV-induced DNA damage in cell-free condition. This compound 

reduces the M14 cell viability due to anti-carcinogenic effects (Russo et al., 2006). 

Flavanones naringin was studied as photo protection, and anti-carcinogenic compound 

(Ren et al., 2016) mostly found in Yirgacheffe in this study. Cyanidin also has multiple 

health-promoting effects such as anticancer, skin protection, and antiaging (An et al., 

2010). Glycitin (García-Bores and Avila, 2008) which is a natural isoflavone, was detected 

as a free form in SCG at RT 23.9 and it is known as antioxidant, anti-allergic agent which 

has been reported to increase dermal fibroblast cell proliferation and migration linked to 

anti aging effect (Kim et al., 2015). The protective effect on UV-induced skin photo aging 

was also reported by Seo and Park. (Seo et al., 2014). Both 6-hydroxykaempferol and 6-

methoxyeriodictyol identified in SCG using metabolomics analysis has anti-tyrosinase by 

itself (Gao et al., 2007) (Lee et al., 2006). Compared to other flavonoids whether free form 

or glycosylated form, a great amount of hesperetin laurate which has anti-fungal effect 

strongly inhibiting the mycelial growth of P. expansum (Razzaghi-Abyaneh and Rai, 2013) 

was shown in variety Kona at RT 36.05. The compound also acts as skin conditioning agent 

(Slavtcheff et al., 2005). In addition, it is interesting that caffeine has anti-skin cancer (Lu 

et al., 2002) and antimicrobial (Fardiaz, 1995) with emollient properties. Besides, several 

compounds including guaiacol, chrysophanol, and physcion shares anti-microbial activities 

and three anthroquinones (chrysophanol, soranjidiol, and physcion) listed at RT 35.68, RT 
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20.28, and RT 23.9 respectively have anti-skin cancer effects (García-Sosa et al., 2006; 

Vittar et al., 2014). Eugenol detected through XCMS Online in SCG are well known 

aromatic compound responsible for “woodsy” flavor in coffee. It has multiple bioactivities 

such as antimicrobial, and anticancer with antioxidant and anti-inflammatory effects 

(Bendre et al., 2016). Lastly, resveratrol is well known for anti-aging and photo protection 

effects (Alarcon De La Lastra and Villegas, 2005).  Such reports about bioactivity can 

make SCG as a promising raw material in the dermatology field.  

4.2.2 Two-Group Comparisons between SCG cultivars  
  

Comparing two groups is the basic strategy in every research to determine certain 

bioactive metabolite features that one group has significant difference compared to the 

other. Here, pairwise analyses were performed to compare the chemical profiles and the 

concentrations of the bioactive compounds between Ethiopian Yirgacheffe vs. Costa 

Rican Tarrazu, Costa Rican Tarrazu vs. Hawaiian Kona, and Hawaiian Kona vs. 

Ethiopian Yirgacheffe. For each group, data files (.cdf) from three independent replicates 

were uploaded and processed by XCMS. More than 11,932 features generated from 

comparison between Ethiopian Yirgacheffe and Hawaiian Kona, and several of them 

were identified as the potential bioactive compounds for skin-care application. For 

example, strong anti-inflammatory compounds quercetin pentaacetate was identified with 

m/z 530.1253, with retention time (RT) 11.70 min. The concentration of quercetin 

pentaacetate was significantly higher (p = 0.00147) in Ethiopian Yirgacheffe with 2.3 

folds higher as compared to that in Hawaiian Kona. In another experiment, Ethiopian 

versus Costa Rican Tarrazu, significant feature (p = 0.02081) detected at RT 34.86. The 

candidate compounds were cyanidin-3-(6'-malonylglucoside), apigenin 7-O-(6-O-
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malonylglucoside) with m/z 558.0949, four times higher concentration in Ethiopian 

rather than Costa Rican Tarrazu (Figure 1.7b). The maximum intensity was 242,958. 

Comparison between two groups were also visualized by cloud plots. 21 features were 

acquired from Ethiopian versus Hawaiian Kona. Nine and 46 features were detected from 

Costa Rican Tarrazu versus Hawaiian Kona and Ethiopian Yirgacheffe versus Costa 

Rican Tarrazu respectively. Similar to multi-job interactive cloud plot, users can view 

m/z, RT, p-value, fold change, max intensity, and METLIN library matches by moving 

mouse. Interactive cloud plot enables filtering p-value and fold change by adjusting the 

bar in main panel. By zooming, mouse can detect every circle without any inconvenience 

even though the circles are overlapped.   

 

 

Figure 1.7a. Extracted ion chromatogram of Ethiopian Yirgacheffe (E) and Hawaiian Kona (H). The peak 

represents relative intensity of quercetin pentaacetate in SCG from Yirgacheffe (E), and Kona (H).  
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Figure 1.7b. Extracted ion chromatogram of Yrigacheffe (E) and Costa Rican Tarrazu (C). The peak 

represents relative intensity of candidate compounds such as cyanidin-3-(6'-malonylglucoside) or apigenin 

7-O-(6-O-malonylglucoside) at RT 34.86. 
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Figure 1.8. Cloud Plot results: A Cloud Plot displays features whose intensities are altered between sample 

groups. Up-regulated features are represented as circles on the top of the plot and down-regulated features 

are represented as circles on the bottom of the plot, where the size corresponds to the (log) fold change of 

the feature. Circles with black outlines indicate hits in the METLIN database. The lighter or darker the 

color of the circle relates directly to the significance of the p-value. 46 features were generated by pairwise 

comparison between Ethiopian Yirgacheffe and Costa Rican Tarrazu showing the relationship between 

retention time and m/z. Green color represents upregulated compounds which means abundant in Tarrazu 

and red color circle represents down regulated compounds which means the compounds exist more in 

Yirgacheffe. With a mouse click, EIC, Box and Whisker, and Spectrum appears under the cloud plot.  
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5. Discussion  

5.1. Global metabolomics approach (XCMS Online) vs traditional analytical 

techniques  

Over the past decades, scientists have been relying on traditional analytical techniques 

such as targeted analysis to identify compounds in samples. Although bioassay-guided 

fractionation followed by targeted metabolite analysis and NMR structural elucidation 

has been broadly used in identifying novel bioactive natural compounds, these techniques 

are time-consuming research. For example, bioassay-guided fractionation involves 

multiple steps such as repetitive preparative-scale fractionation and assessment of 

biological activity until pure compound with the bioactivity of interest have been isolated 

(Marston and Hostettmann, 2009). However, natural compound research has been 

improved by modern separation and structural elucidation techniques such as HPLC-MS 

and NMR (Seger et al., 2005; Steinmann and Ganzera, 2011). Probing the compound 

composition, content, and structure in time and space often need accurate, sensitive, 

selective, stable, fast, automated, high-throughput processes (Ju, 2013). These 

characteristics are the eternal goals of analytical chemistry and are challenges even in 

modern industry.  

 Since metabolomics is a powerful tool for profiling of largely unknown chemicals, 

global metabolomics analysis has been used as a modern approach for identification of 

bioactive compounds in natural products such as cooked rice, small berries and whole 

grain cereals (Heuberger et al., 2010) (Badjakov et al., 2008) (Gani et al., 2012). In these 

papers, chemical comparison and profiling were achieved globally and rapidly by 

untargeted metabolomics-driven strategy (UMDS) trying to meet these requirements 
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described above. By introducing the combination of modern data processing online 

platform (XCMS) and global compound data bank (METLIN), we overcome challenges 

of traditional analytical chemistry which often are time consuming and labor intensive to 

distinguish the bioactive compounds between sample treatments or groups. XCMS 

provides PCA, non-metric multi-dimensional scaling, and extracted ion chromatogram 

results (Figure 1.5 and 1.7) showing significant differences between sample groups based 

on their chemical profiling. These results showing distinct characteristics between 

cultivars matched with our expectation the three varieties of coffee are likely comprised 

of different metabolites. Since they have distinct and typical characteristics in flavor 

profile coming from different growing conditions such as geographic regions, elevation, 

soil composition and temperature, we anticipated different chemical profiling results for 

the three varieties.  

Table 1.2. Growing condition of coffee cultivars (Ethiopian Yirgacheffe, Costa Rican Tarrazu, and 

Hawaiian Kona)  

 Species Growing 

Altitude 

Harvest 

period 

Roasting 

Ethiopian 

Yirgacheffe 

Coffea Arabica 1,700 – 2,200 M October – 

December 

Medium 

Costa Rican 

Tarrazu 

Coffea Arabica 1,200 – 1,800 M December – 

February 

Medium 

Hawaiian Kona Coffea Arabica 250 – 1000 M August – 

January 

Medium 
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For example, Ethiopian Yirgacheffe coffee is grown at elevations from 1,700 to 2,200 

meters above sea level in southern Ethiopia where coffees grow slowly due to the altitude 

(the town of Yirgacheffee in Ethiopia’s Sidamo area), allowing additional time for the 

tree to deliver nutrients to the coffee and develop the best flavors. They were harvested 

from October to December. Compared to this, Costa Rican Tarrazu coffees were grown 

in lower regions which is called Tarrazu Coffee harvested between December and 

February. Lastly, the Hawaiian Kona coffee is grown in the Kona district in Hawaii. The 

farms are on the volcanic land with mild temperatures and located in lower altitude than 

some of other Arabica coffees. Their harvesting time is from late August to late January. 

Although shade and altitude are major factors known to have benefit on coffee quality, 

there are contradictory results obtained from literatures on the chemical composition 

related to these influence. In case of total lipid content, it was reported to decrease or not 

to be influenced by altitude increases. Chlorogenic acid contents were shown inconsistent 

results in several studies (Guyot et al., 1996). Additionally, the bigger factor than 

elevation is reported as maturation rate of coffee fruit on the plant. In usual, low 

temperature slow down the ripening process and leads to higher accumulation of aromatic 

compounds (Joët et al., 2010). During the roasting process, not only aromas but also 

chemical composition of coffee will change. At medium roast level, the coffee will create 

a balance between acidity and body showing a darker brown color. According to Vignoli 

(2011), increasing roasting will degrade 5-CQA and form high molecular weight 

polymers, which is called melanoidins. However, they concluded that the antioxidant 

activities under different conditions were equal and the activity depends more on 

chemical composition than roasting degree (Vignoli et al., 2011). In terms of antibacterial 
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activities, Daglia (1994) found that 1) the lack of this activity in green coffee and 2) 

degree of roasting affected the activities in roasted coffee extracts (Daglia et al., 1994a).  

To quantify the contents of specific compounds, high resolution data from UPLC Bruker 

Q-TOF was submitted to XCMS Online. Compare to low- resolution data which provides 

visualized statistical results (PCA, and nonmetric-dimensional scaling), high resolution 

data generates the relative intensity providing more detailed and numerical results of 

compound content (table 3.1). From the XCMS Online result table of pairwise job 

submission, maximum intensity was summarized in table 1.2 which shows significantly 

different concentration between three cultivars. Additionally in table 3.1, 200 bioactive 

compounds are compiled to compare the relative intensity of compounds which have 

bioactivity related to skin care (phenolic compounds). While traditional target analysis 

would take much more time and labor, this study has clearly demonstrated the advantages 

of global non-targeted analysis over the traditional method for systematic analysis of the 

bioactive compounds in SCG. Various compounds were detected in coffee samples in 

XCMS result table, from simple linear and branched molecule structures to complex 

glycosylated forms.  

 

5.2. Phenolic acids and caffeine in SCG 

From XCMS Online result, 22 of the phenolic acids were detected including cinnamic 

acids, vanillic acids, and caffeoylquinic acids. Their concentration were relatively higher 

than other groups of compounds. Specially, the concentration of cinnamic aicd was most 

abundant followed by caffeine in the SCG. The majority of the phenolic acids identified 

in this study were in free form. Phenolic acids including gallic acid, p-coumaric, caffeic, 
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and ferulic acids are rarely found in the free form, except in processed food that has 

undergone freezing, sterilization, or fermentation (Raman et al., 1995). The bound forms 

are glycosylated derivatives or esters of quinic acid. Especially caffeoylquinic acids 

(CQAs) which is found in high concentrations in coffee can be formed by combining 

caffeic acid and quinic acid (El Gharras, 2009). Their biological function have been 

widely studied for the anti-oxidant and anti-pigamentation effects for potential skin 

whitening agent. According to the Bravo, even though 5-CQA is the most abundant 

caffeoylquinic acids in SCG, the total amount of CQA including 3-CQA, 4-CAQ, and 5-

CQA is less than the total Di-CQA including 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA . 

Similar aspect was detected in XCMS Online result table (table 3.1). Interestingly, in 

Yrgacheffe, CQA was not detected although several types of Di-CQA such as 1,3- 

diCQA, 1,4-diCQA, 1,5- diCQA, 3,4- diCQA, 3,5- diCQA, 4,5- diCQA, were identified. 

The reason why diCQA contents are higher than monoCQAs in SCG is that monoCQAs 

are extracted during coffee brewing, whereas the diCQAs need more time to be extracted 

(Bravo et al., 2012). Other research on this phenomenon explained that diCQAs are 

extracted slowly compared to monoCQAs from coffee (Blumberg et al., 2010; Ludwig et 

al., 2012). In addition, a previous study revealed that caffeine and chlorogenic acids 

contents, including diCQA and monoCQA in arabica SCG were slightly higher or similar 

with reported concentrations in arabica coffee brew (Monente et al., 2015). Therefore, 

spent coffee extracts which pass through the brewing process can be considered as a 

better source of diCQAs and caffeine (compare to coffee brew) which are used in 

cosmetic fields due to their antioxidant and antimicrobial effects (Almeida et al., 2006; 

Devasagayam et al., 1996).  
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Our results are not consistent with the studies previously conducted by Belguidoum 

(Belguidoum et al., 2014). In their studies, the concentration of cinnamic acid was much 

less than chlorogenic acids in roasted coffee and green coffee samples whereas a higher 

amount of E-cinnamic acid was detected by XCMS Online compared to other phenolic 

acids such as coumaric acid, vanilic acid derivatives and (di)-caffeoylquinnic acids. 

When the levels of the bioactive  phenolic acids were compared between the cultivars, 

the levels of  E-cinnamic acid (the third highest concentration in SCG samples) in variety 

Kona has almost 1.4 times higher than Tarrazu, suggesting the SCG from the variety 

Hawaiian Kona is an possible source for antioxidant and anti-pigmentation products. 

However, other anti-pigmentation compounds such as coumaric acid derivatives, vanillic 

acid derivatives, and (di)-caffeoylquinic acids were produced as highest amount in 

Tarazzu even though their concentrations were much lesser compared to E-cinnamic acid 

(minimum 4.48 times) (see table 3.1).  

 

5.3. Glycosylated form of flavonoids and their activity:  

In this study, we identified a 139 glycosylated flavonoids with potential applications for 

personal care product industry. In cosmetics, flavonoids are becoming popular due to 

their antioxidant, anti-aging activities related to fibroblast proliferation (Kim et al., 1997) 

or reduction of collagen breakdown (Schmid and ZÜLLI, 2002). Most of the flavonoids 

in plants are found in glycosylated form so they can be dissolved in water phase and kept 

in plant vacuoles (Manach et al., 2004). The sugar is often glucose or rhamnose, but 

galactose, arabinose, xylose, glucuronic acid also can be attached (Manach et al., 2004). 

As flavonoids do not exist in plants as aglycones except for catechins, consistent with our 
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findings that most of the compounds were in the glycosylated form (Table 3.1). Even 

though glycosides are generally inactive form in humans because of low cellular uptake 

due to inadequate size for enzyme binding sites and receptors (Schmid et al., 2003) most 

cosmetic ingredients containing flavonoids are glycoside forms (Schmid et al., 2003). 

Therefore, after topical application, they should pass through enzymatic hydrolysis at 

their target location to become biologically active aglycones (the molecular from without 

sugar residues) (Schmid et al., 2003). For example, one study revealed that, the 

antioxidant capacity of soy bean flavonoids increased 33 % after enzymatic treatment 

(Sansanelli et al., 2014). Other studies using mulberry leaves demonstrated that 

improved bioactivity is due to enzyme reaction, hydrolysis of the glycoside polyphenols 

rutin, soquercitrin, and astragalin into the aglycone polyphenols quercetin and 

kaempferol producing a remarkable increse in anti-oxidant and anti-tyrosinase inhibition 

activities by 219.5% and 230.9% respectively. Additionally, a significantly improved 

skin permeability (513%) was observed by the reaction due to β-glucosidase enhancing 

hydrophobicity (239.41%) and reduced molecular weight (from 387.3 to 291.4), which 

are critical factors for absorption of bioactive ingredients (Do et al., 2009). Enzymatic 

treatment is more important in cosmetic application rather than nutraceutical intake 

because the latter undergoes hydrolysis of glycoside to aglycones by fermentation during 

the manufacturing of certain foods or by intestinal bacterial metabolism (Manach et al., 

2004).  

 

5.4. Flavonoids (flavonols, flavones, isoflavones, flavanones, 

anthocyanidins, and flavanols) in SCG for cosmetic application 
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Through the global metabolomics analysis, more than 180 bioactive flavonoids, including 

flavonols, flavones, isoflavones, flavanones, anthocyanidins, and flavanols were 

identified. These compounds are strong anti-bacterial, anti-oxidant, skin protection, anti-

melanogenesis, and anti-inflammatory agents for skin care applications (Ramos et al., 

2006) (Choquenet et al., 2008) (Hämäläinen et al., 2007). According to Manach, 

flavonols are the most abundant flavonoids in foods, and the main representatives are 

quercetin and kaempferol (Manach et al., 2004). These compounds are also found in SCG 

as well with relatively higher concentrations than other flavonoids.Compared to flavonols 

such as quercetin and kaempferol, flavones which are mostly glycosylated apigenin, 

luteolin, and chrysin are less abundant in fruit or vegetables (Manach et al., 2004). As 

expected, these three flavones existed in SCG attached to several sugars such as glucose, 

galactose, glucopyranose, coumaryl glucose, rhamnose and malonylglucose. Another 

type of flavonoids, flavanones (eriodictyol, hesperetin, naringenin) are generally 

glycosylated at position 7 (Tomás‐Barberán and Clifford, 2000). These flavanones can be 

found in tomatoes, mint and but are only present at high concentration in citrus fruits. 

XCMS Online identified naringenin and naringenin-7-O-glucodside in SCG. Although 

isoflavones are known as major compounds which can be found in leguminous plants 

(Tomás‐Barberán and Clifford, 2000), daidzein 4'-O-glucoside, daidzein 6''-O-acetate, 

daidzein 7,4'-di-O-glucoside, genistin (genistein-7-glucoside) and genistein 7-O-

rutinoside were identified by XCMS Online in SCG as well. Isoflavones glycosides are 

sensitive to heat. However, XCMS Online detected them in SCG that passed through the 

roasting process. In case of flavanols such as catechin and epicatechin the most common 

compounds in tea, exist in both monomer and polymer forms (El Gharras, 2009). The 
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ratio of monomers and polymers would change based on the fermentation (heating) 

process producing more complex polyphenols known as theaflavins (dimers) and 

thearubigins (polymers) (Cloughley, 1980). Therefore, black tea that is a more highly 

processed product has more complex polyphenols compared to green tea due to oxidation 

process leading to orange-brown color of black tea. Similarly, the theaflavins and its 

derivatives were detected in SCG which passed through the roasting process (see table 

3.1). However, the monomer form of flavonoids such as 8-C-Ascorbylepigallocatechin 3-

gallate still remained in SCG. In summary, some polyphenols such as quercetin are found 

in all plant products including fruit, vegetables, cereals, leguminous plants, tea, wine, etc 

(Pandey and Rizvi, 2009). However, other flavonoids can be found only in certain foods. 

For example, flavanones are in citrus fruit at high concentration, while isoflavones are in 

high concentration in soy protein. In SCG, flavonoids including flavanone, flavanonol, 

anthocyanidins, and isoflavones were found by METLIN database matches based on their 

accurate mass.  

 

Our results reveal a existence of many kinds of flavonoids in SCG, which is consistent 

with the studies previously conducted by Mussatto (Mussatto et al., 2011a). In their 

studies, they also have reported high levels of total flavonoids and antioxidant properties 

in SCG extracted using methanol. They agreed that SCG could be of great interest for 

application in food and pharmaceutical fields due to antioxidant activities from phenolic 

compounds in SCG. Another research claimed that rutin, and quercetin were not detected 

in studied coffee samples (Belguidoum et al., 2014). The likely reason why quercetin was 
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not detected in their study is that the compound exist as glycosylated form not as free 

form as shown in our study. 

 

When the levels of the bioactive flavonoids were compared among the varieties, the 

levels of 8-C-ascorbylepigallocatechin 3-gallate in variety Ethiopian Yirgacheffe was 

almost 3.24 times higher than Costa Rican Tarrazu. Although this compound was 

reported to have anti-HIV and anti-diabetic effects (Lee et al., 2003a) (Fukui and 

Iwashita, 2013), dermatological activity has not been analyzed. Interestingly, the 

concentration of dihydroxyflavone which has strong anti-cancer effects was highest in 

Yirgacheffee suggesting the SCG from the variety Yirgacheffe is the most possible 

candidate among three cultivars for skin protection products against UV-induced cancer. 

Additionally, the antiaging agent, naringenin chrysin, which can provide UV protection, 

was detected only in Yirgacheffe. Likewise, the levels of the antiaging compound, 

glycosylated cyanidin, was 2.7 times higher in cultivar Yirgacheffe compared to Costa 

Rican Tarrazu. The concentration of isorhamnetin, which has antioxidant and anti-

inflammatory activity, was highest in Kona about 20 times than found in the Tarrazu 

cultivar. However, the concentration of other bioactive compounds such as quercetin, 

apigenin, and keampferol varied between the three cultivars.   

The levels of 6-methoxyeriodictyol, which has skin-whitening activity, was significant 

only in Tarazzu, whereas the other anti-pigmentation agent such as 6-hydroxykaempferol 

3,6-diglucoside 7-glucuronide concentration were not present. However, the 

concentration gap between cultivars is quite small.  
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Anti-oxidants, including hesperetin derivatives, were primarily found in Hawaiian Kona 

mostly. Of note is hesperetin 5,7-laurate which is used for emollient in skin conditioning 

products.  

 

Only three flavonols (quercetin, myricetin, and kaempferol) and two flavones (apigenin 

and luteolin) are well studied with regard to the positive effects of dietary flavonoid 

intake. Bioactive compounds which exist in SCG have never been systematically studied 

using metabolomics approach for skin care application. Through this study, variety of 

flavonoids were detected in SCG, even though further studies is need to measure absolute 

quantity of these bioactive compounds for SCG to become a potential raw material in 

cosmetic formulation. Basically, the idea was that SCG is a by-product of roasted coffee 

which has variety of bioactive compounds including polyphenols (Nichols and Katiyar, 

2010) and SCG may still retain those compounds. Several types of antioxidant 

compounds has more uses than aroma including caffeic acid melanoidins and vitamins, 

are generated through the roasting process (Yanagimoto et al., 2004). In many cases, 

plant extracts contained natural antioxidants such as polyphenols, flavonoids, flavanols, 

stilbens, and terpenes are used in commercial cosmetics. Some commercial products 

contain pure natural compounds such as quercetin, and resveratrol in their formulation 

(Kusumawati and Indrayanto, 2013). These compounds were detected in SCG as well. 

The bioflavonoids, including quercetin and hesperidin, are known as anti-inflammatory 

compounds inhibiting histamine release and mast cell degranulation. Quercetin (found in 

high levels in SCG through XCMS) inhibits phospholipase A2 (Lanni and Becker, 1985) 

and lipoxygenase enzymes (Kato et al., 1983). Other compounds such as tannins are also 
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major component in soothing compresses from their astringent, and cooling efficacy 

(Graf, 2000). Several cosmetic products and soothing compresses includes bioflavonoids 

such as quercetin, hesperidin, and kaempferol which are the best known therapeutically 

useful bioflavonoids (Kenner and Requena, 2001). In addition, flavonoids such as 

apigenin and luteolin are major components in chamomile and documented to have anti-

inflammatory and soothing effects in creams. This study observed that SCG contains 

several main active compounds with antioxidant or anti-inflammatory activities used in 

real cosmetic formulations. Since the early 2000s, a lot of studies have revealed that 

flavonoids have photo protective effect on skin due to their strong anti-oxidant activity. 

From XCMS analysis, we found that SCG contains various bioactive compounds such as 

anti-oxidant, anti-inflammatory anti-tumor, and anti-tyrosianse. These results support that 

the idea that SCG can be used as a source of major active materials in cosmetic industry. 

In addition to identifying health-promoting compounds, our study has importance in 

terms of using novel untargeted method to identify these compounds in SCG. 

As described in table 3.1, several listed bioactive compounds have being known as agents 

with strong antioxidants, antimicrobial, antitumor and anti-tyrosinase activities. In 

addition, relative intensity of each compound was summarized through XCMS pairwise 

analysis.  

Even though the compounds were qualified and the relative concentrations of these 

compounds were analyzed between three cultivars through computational technology, 

synergistic or antagonist effects between compounds that may affect their human health-

promoting efficacy was not determined in this study. Therefore, the results can’t show 

which cultivar is better among the three varieties in antioxidant, anti-inflammatory, anti-
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microbial or anti-tyroisnase activity. Several kinds of bioassays that are listed above will 

address this limitation and allow the selection of one variety with the highest efficacy in 

vitro and in vivo. For example, synergy effect between p-coumaric acid and ferulic acid 

has been reported by Maillard and Berset (1995) in antioxidant activity assays. Also, 

caffeic acids, which are abundant in SCG, can be affected by the presence of certain 

compound such as ascorbic acid. Compared to synergy effects, antagonist effects in 

antioxidant activity have been reported between ellagic acid and catechin, which were 

also identified in SCG through XCMS. Many studies are focusing on natural bioactive 

compounds from residual sources for cosmetics and these effects have been reported. 

Synergistic effects of phenols from grape seeds and pomace polyphenols have been 

reported. Even though flavonoids and phenolic compounds interact with each other 

(Meyer, Heinonen et al., 1998), the choice of the right combination of compounds for 

their stability and synergistic effect in cosmetics should be achieved to meet customer’s 

demands. That is why crude extracts of the three SCG cultivars should be tested through 

bioassay besides purified compounds even though the relative intensity was qualified for 

each compounds through metabolomics approach.  

 

6. Conclusion 

This project utilizes a modern metabolomics approach to identify the bioactive 

compounds in SCG and explore the new applications for skin-care application. The 

findings from this project will help turn the low value renewable materials into high-

value products. It will not only benefit consumers (organic based, safe, effective), 

producers (low cost and abundant materials), and the environment (green, sustainable), 
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but also foster the development of rural economies. According to Industry Trends Report 

on Organic Personal Care Maket size, organic based personal care market size will reach 

USD 25.11 billion by 2025. Therefore, the vision of this project completely aligns to 

global trends and provide the organic-based products without concerns of toxicity. In this 

study, methanol was used as a solvent to extract SCG. However, for practical large-scale 

process, supercritical fluid extraction (SFE) method should be used to reduce the 

extraction cost, toxic solvent use, and produce large quantity of the bioactive extracts. In 

this SCG project, there are more than 200 bioactive compounds were identified including 

phenolic acids, flavonoids, coffee alkaloids, stilbenoids, and anthraquinones. The toxicity 

of the bioactive compounds identified in SCG should be further evaluated.  
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Chapter 2. Isolation of the antioxidant and antimicrobial compounds 

with bioassay-guided fractionation 

Abstract: Today, the importance of using organic-based anti-oxidant and anti-microbial 

compounds for cosmetic formulation is emerging. Oxidative stress is closely linked to 

skin aging processes. Antioxidants are valuable antiaging component by helping the skin 

fight against free radicals produced during oxidative stress. In addition, multiple 

antimicrobial ingredients are included to protect the products against the growth of 

micro-organisms such as bacteria and fungi. By formulating anti-microbial compounds in 

cosmetics, the products can be used to treat skin conditions associated with microbial 

infection, such as acne. It will also help prolong the shelf-life of the products and keep 

the products from causing skin infections, corruption or discoloration of the product itself 

during the usage. The present research examines SCG as the bioactive ingredient having 

anti-oxidant and anti-microbial activity for cosmetics formulation. To create value-added 

product from SCG, the objectives of this project are to 1) isolate and identify the 

bioactive compounds in the SCG of three cultivars (Ethiopian Yirgacheffe, Costa Rican 

Tarazzu, and Hawaiian Kona) using bioassay guided-purification, and 2) explore their 

application in cosmetics. The compounds in SCG were extracted and tested by FRAP 

antioxidant assay, and zone of inhibition anti-microbial assay. The bioactive compounds 

were then isolated by bioassay-guided flash chromatography followed by HPLC 

purification for the structural analysis by high resolution mass spectrometer (HRMS). In 

anti-oxidant assay, the SCG extracts from Hawaiian Kona showed the highest activity 

among the three cultivars. Antimicrobial activity from the SCG extracts from Hawaiian 

Kona and Ethiopian Yirgacheffe were much higher than Costa Rican Tarrazu. The 
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findings from bioassay and high-resolution analysis showed that SCG is an excellent 

potential raw material for cosmetic application (e.g., anti-oxidant, anti-microbial, skin-

whitening, and anti-aging). High resolution analysis using systematic approach was 

conducted to identify the compound in three fractions which were purified through 

HPLC. The SCG from Ethiopia coffee (Yirgacheffe) was fractionated by flash 

chromatography and HPLC for further purification and structural analysis. Fraction 

number 4 from flash chromatography showed the highest anti-oxidant activity and was 

analyzed further by HPLC. In addition, fractions 7 and 12 from flash chromatography 

showed the highest anti-microbial activity. After injecting fraction number 4 from Flash 

chromatography, 27 purified fractions were collected through HPLC and purified fraction 

14 was selected for high resolution analysis. The results suggested that cafesterol, coffee 

alkaloid is the bioactive compound responsible for the observed strong anti-oxidant 

activities. 

 

1. Introduction 

Recent studies have suggested that SCG could be an excellent source of high value 

phytochemicals for cosmetics and skin-care application. Some of examples include 

chlorogenic acid (antioxidant), caffeic acid (antioxidant), isochlorogenic acid 

(antioxidant, anti-inflammatory), protocatechuic acid (antioxidant, anti-fungal), 4,5-

dicaffeoylquinic acid (pigmentation inhibitor) and quercetin (anti-fungal, anti-oxidant, 

skin protection, anti-melanogenesis) (Figure 2.1)  

 According to Mussatto, the content of the total phenolic compound in methanol extract 

of SCG is similar with the contents in raspberry, blackberry (Wang and Lin, 2000), and 
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almond shells. Also, they revealed that SCG includes chlorogenic acid, protocatechuic acid 

and flavonoids leading to antioxidant activity higher than the other fruits such as apple, 

peach, pear, and kiwi (Moure et al., 2007). Therefore, the coffee is laden with bioactive 

components including polyphenols and flavonoids with their antioxidant activities making 

them an attractive candidate for studies on naturally occurring “personal care products” 

(Kilmartin and Hsu, 2003). In addition to antioxidant activity, the use of SCG is emerging 

as the trends in the dermatological field. For example, chlorogenic derivatives 4,5-

dicaffeoylquinic acid have been known to be a pigmentation inhibitor in both melanocytes 

and the zebrafish vertebrate model (Russo et al., 2006). Specially, the inhibitory activities 

against melanogenesis of this compound was superior to arbutin, and kojic acid, which 

were well-known inhibitors against melanogenesis (Takagi et al., 2014). According to 

Tabassum, the compound has no toxicity so that it can be considered as an attractive 

candidate for further development in pharmaceutical or cosmetic depigmentation 

(Tabassum et al., 2016). Besides, SCG showed effectiveness in UV-induced photo-aging 

even though specific compounds have not been studied for this reaction (Choi et al., 2015). 

However, the study considered caffeine and chlorogenic acids as health-promoting factors 

because they have protection efficacy against UV-induced skin damage (Huang et al., 

1997) (Kitagawa et al., 2011) and as most abundant compounds in SCG. Even though 

specific flavonoid contents except quercetin in SCG have not been reported yet, the total 

flavonoid concentration was estimated by colorimetric assay. Also, the effect of roasted 

coffee has been extensively studied and widely marketed with its antibacterial activity. The 

activity which is not present in green coffee was only shown in roasted coffee beans 

depends on the roasting degree (Daglia et al., 1994a). During the roasting process, various 



 

 
59 

 

types and concentrations of compounds were obtained having antibacterial activity against 

a wide range of bacteria (Daglia et al., 1994b) and they have been considered as 

nontraditional food antimicrobial agents (SHIBASAKI, 1982). Furthermore, a prior study 

reported that the lipid fraction of SCG including fatty acids such as Palmitic and Linoleic 

extracted with supercritical carbon dioxide showed improved skin lipids and hydration 

qualities (Ribeiro et al., 2013).  

 These antioxidant and antibacterial properties are extremely important in the cosmetic 

industry especially in natural cosmetics. The most important factor in the initiation of 

several skin disorders from dryness, wrinkling, localized pigment abnormalities 

including, hypopigmentation and hyperpigmentation to skin cancer is the chronic 

exposure of the skin to solar UV radiation (Lee et al., 2008) (Nichols and Katiyar, 

2010). The exposure to UVA and UVB induce the generation of singlet oxygen and 

hydroxyl-free radicals. This oxidative stress can cause damage to cellular molecules, 

such as proteins, lipids and DNA (Lee et al., 2008) leading to premature aging of the 

skin (Nichols and Katiyar, 2010), called photo-aging, and multiple effects on the 

immune system (Ullrich, 1995). The increasing interest in flavonoids is due to their broad 

efficacy in pharmacological and dermatological field. The mechanism of action of 

flavonoids as antioxidants includes their ability to scavenge free radicals directly, activate 

antioxidant enzymes, chelate metals, reduce alpha-tocopheryl radicals, inhibit oxidases 

(Procházková et al., 2011). Free radical scavenging ability is highly related to chemical 

structure of flavonoids such as high number of hydroxyl groups (Burda and Oleszek, 

2001). In terms of activating antioxidant enzymes, flavonoids can induce detoxifying 

enzymes which regulate protective gene expression (Lee-Hilz et al., 2006). For examples, 
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flavonoids quercetin, myricetin containing 3-position OH induce detoxifying enzymes 

against toxic chemical reaction (Ferrali et al., 1997). Quercetin also interferes with the 

development of free radicals by chelating active form of metal (Ferrali et al., 1997). In 

addition, flavonoids including kaempferol, myricetin, quercetin, and catechin can reduce 

prooxidant such as alpha-tocopherol radicals by interacting with them even though the 

activity was varied each other (Zhu et al., 2000). Lastly, flavonoids (quercetin, and 

luteolin) inhibit the enzymes related to superoxide so that reducing oxidative injury in 

cells (Hanasaki et al., 1994).    

 Related to antimicrobial effect, antimicrobial ingredients should be formulated to 

protect the personal care products against the growth of micro-organisms such as 

bacteria, and fungi. By adding anti-microbial compounds in cosmetic formulation, the 

products can be safe from causing skin infections, or discoloration of the product itself 

during the usage. Furthermore, antimicrobial agents in the products make consumers can 

be protected from bacterial disease. Anti-microbial agents against gram positive bacteria 

such as Propionibacterium acnes, Staphylococcus aureus, and Staphylococcus 

epidermidis helps to prevent skin illnesses, from minor skin infections including pimples, 

impetigo, boils, cellulitis, folliculitis, carbuncles, and abscesses, to life-threatening 

diseases such as toxic shock syndrome, bacteremia, and sepsis (Hanasaki et al., 1994) . 

These bacterial strains are the major causes of acne in human skin (Nishijima et al., 2000) 

and acne is the most common skin issue in cosmetics, affecting up to 50 million 

Americans annually (Bickers et al., 2006). Numerous research groups have sought to 

elucidate the antibacterial mechanisms of selected polyphenols. Inhibition of nucleic acid 

synthesis is one of the modes of actions because B ring of the flavonoids can form 
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interaction with nucleotide bases in microorganism. Flavonoids such as myricetin and 

epigallocatechin, can affect RNA synthesis of S. aureus (Mori et al., 1987). Enzyme 

binding of flavonoids also contributes to antimicrobial activity by inhibiting DNA gyrase 

in bacteria (e.g. quercetin and apigenin) (Ohemeng et al., 1993). Glycosylated rutin are 

also inhibitor of nucleic acid synthesis in E.coli (Bernard et al., 1997). Another way to 

prevent bacterial infection is by reducing membrane fluidity of bacterial cells. 

Epigallocatechin gallate shows strong antibacterial activity inducing aggregation of cell 

membrane (Ikigai et al., 1993). In addition, flavonoids are reported to inhibit bacterial 

respiratory electron transport chain, called energy metabolism (Haraguchi et al., 1998). 

Even though non-flavonoids also shows antimicrobial activity, it is weaker than 

flavonoids. However, some phenolic acids including caffeic acid, ferulic acid and gallic 

acid are notified that they have antibacterial activity against both Gram-positive such as 

S. aureus and L. monocytogenes and Gram-negative such as E. coli and Pseudomonas 

aeruginosa showing stronger activity compared to general antibiotics including 

gentamicin and streptomycin (Saavedra et al., 2010). It is critical to evaluate the 

antimicrobial activities of SCG against gram positive stains to explore its potential for 

cosmetics product formulation for acne treatment or product protection. 

 These days, a lot of studies are being conducted related to antioxidant derived from 

natural resources. Therefore, the bioactive compounds such as polyphenolic acids, 

flavonoids, vitamins having antioxidant activity are identified (Núñez-Sellés, 2005). To 

evaluate their ability to inhibit oxidation, several assays are developed. Based on research 

types, adequate tests should be selected between lipid peroxidation and electron/radical 

scavenging associated with oxidation inhibition. Since reactive oxygen species (ROS) are 
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hard to measure due to their extremely short half-lives, other oxidative stress products 

can be measured. As a result of oxidative stress, thiobarbituric acid reactive substances 

(TBARS) are formed. Using thiobarbituric acid, TBARS can be detected and this test is 

called TBA assay (Hodges et al., 1999). Another antioxidant assay associated lipid 

peroxidation is beta-carotene bleaching assay; beta-carotene can react with peroxyl 

radical which is formed from lipids such as linoleic acid in the presence of ROS. 

Antioxidant activity is measured by reduction amount of beta-carotene (Tsuchihashi et 

al., 1995). Conjugated diene assay is monitoring conjugated diene which occurs by the 

action related to ROS and oxygen (Moore and Roberts, 1998). This method has weakness 

because natural compounds have similar absorbance wavelength with conjugated diene 

(Moon and Shibamoto, 2009). Antioxidant assays associated with electron and radical 

scavenging include DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid)), and FRAP (ferric reducing antioxidant power) 

assay (MacDonald‐Wicks et al., 2006). DPPH•, one of few stable and commercially 

available radicals accepts hydrogen from an antioxidant based on the theory that 

antioxidant act as a hydrogen donor. Antioxidant activity of many natural compounds are 

evaluated by ABTS assay as well due to accurate and easy method especially for fruit and 

vegetable extracts (Sanchez-Moreno, 2002). By measuring ABTS radical cation which 

absorbs blue-green wavelength, antioxidant ability can be determined (Re et al., 1999). In 

FRAP assay which gives fast, reproducible results, antioxidant activity can be observed 

by looking transformation of Fe3+-TPTZ complex to Fe2+ form by an antioxidant (Moon 

and Shibamoto, 2009). The FRAP has been recognized as one of the most accurate and 

reliable methods to evaluate the antioxidant activities of the natural product. Multiple 
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natural antioxidant studies using FRAP assay were showed consistent result with DPPH 

and ABTS assays (Katalinic et al., 2006).  

 In terms of antimicrobial assays, there are several methods to view the activities. 

Very common assays include disk diffusion and agar dilution (Balouiri et al., 2016). 

Since microbial resistance is getting more important in drug discovery, dermatology, and 

cosmetics, in vitro antimicrobial test is prevalently used. Both crude extracts and pure 

compounds could be evaluated for their application in personal care industry (Runyoro et 

al., 2006). Among several methods, agar disk diffusion testing is officially used in many 

clinics and laboratories (Balouiri et al., 2016). Once antimicrobial agent diffuses into 

plates and inhibits growth of microorganism, the zone of inhibition are measured (Ahmad 

and Beg, 2001). Even though the agar disk diffusion method cannot quantify the 

antimicrobial agent in agar plates, this is the most common method due to its low cost, 

simplicity, availability of vast number of testing samples in one plate and the ease of 

result interpretation (Korgenski and Daly, 1998). Other techniques including flow 

cytofluorometric method and time-kill test have pros and cons. For example, the former 

technique is useful to give reproducible results rapidly (Ramani and Chaturvedi, 2000) 

with information on cell damage of the tested microorganism but unlikely used due to 

required equipment.  

 Bioassay-guided purification has been often used as an approach to isolate the 

bioactive compounds in the natural extracts such as Chinese green tea (Si et al., 2006), 

Brazilian propolis (Castro et al., 2009), and lemon balm (Awad et al., 2009). With this 

approach, the compounds were first separated by their hydrophobicity and polarity based 

on their interaction with the functional group on the surface of the solid-phase on the 
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liquid chromatography column. The eluted fractions were collected, concentrated and 

tested for their bioactivity until the lead compounds are isolated (Evans, 2009). Since 

plant extracts are being considered for their potential use as natural preservatives in 

dietary supplements or personal care products, it is needed to study biological properties 

of the compounds in extracts (Seeram et al., 2005). Unfortunately, purifying pure 

compound from crude extract for compound structure studies such as Nuclear Magnetic 

Resonance (NMR) requires a lot of time and intensive labor using chromatographic 

technique. As a solution, high-resolution MS metabolomics and natural product libraries 

was introduced for fast identification of the compounds in the bioactive fractions without 

labor intensive purification required in NMR structural analysis. The “World’s most cited 

metabolomics software called XCMS Online” cited in literature over 1000 times (Ubhi et 

al, 2014), which includes adequate algorithm in peak detection, retention time correction, 

alignment, annotation, and statistical analyses was introduced for compound 

identification. Only basic steps are needed for metabolomics analysis after the 

fractionation of the extract using liquid chromatography coupled with mass spectrometer 

(LC-MS). Once researchers obtain ion chromatogram of fractionated sample from MS, 

users can submit it to web-based metabolomics platform to accomplish chemical 

profiling and acquire structural information. According to its peak detection algorithm, it 

covers both low-resolution, and high-resolution using matchedFilter method and 

centWave method respectively (Smith, 2013). After peak detection, XCMS Online uses 

nonlinear methods to compensate for retention time drifts between samples (Tautenhahn 

et al., 2012). All total ion chromatogram (TIC)s should be in alignment to compare 

compound quantities between fractions after retention time correction (Christin et al., 
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2008). If there is significant difference in the peak between submitted groups, one group 

can be distinguished from another group. XCMS Online uses minimum fraction method 

to process this step. For example, minfrac value 0.5 (50%) means, two groups can be 

considered as two distinct groups when they show at least 50% difference. In annotation 

step, information about at least two ions is need to calculate the molecular mass which is 

necessary to be matched with compound library (Kuhl et al., 2011) called METLIN. The 

fingerprint of compounds are matched with the database which has more than 961,820 

molecules providing information for each compound such as name, systematic name, 

structure, elemental formula, and mass (https://metlin.scripps.edu/).  

 Through bioassay (e.g. antioxidant and antimicrobial assay) -guided purification 

method followed by global metabolomics approach, SCG can be assessed as potential 

raw material in cosmetic field. Especially, high resolution MS metabolomics was 

introduced to identify pure compound in fraction while reducing time and intensive labor.  
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    1. Chlorogenic acid                 2. Caffeic acid                 3. Isochlorogenic acid 

 

 

4. Protocatechuic acid            5. 4,5-dicaffeoylquinic acid          6. Quercetin  

 

Figure 2.1. Common bioactive compounds in SCG 

1 3-Caffeoylquinic (Chlorogenic) acid Antioxidant1 

2 3,4-Dihydroxycinnamic (Caffeic acid) Antioxidant1 

3 3,4-Di-O-caffeoylquinic acid (Isochlorogenic acid) Antioxidant1, Anti-inflammatory8 

4 Dihydroxybenzoic acid (protocatechuic acid) Antioxidant2, Anti-fungal4 

5 4,5-dicaffeoylquinic acid Pigmentation inhibitor3 

6 Quercetin Anti-fungal4, Anti-oxidant5, Skin protection6, Anti-melanogenesis7 

1: (Sroka and Cisowski, 2003) 

2: (Li et al., 2011) 

3: (Russo et al., 2006) 

4: (Aziz et al., 1998) 

5: (Boots et al., 2008) 

6: (Choquenet et al., 2008) 

7: (Arung et al., 2011) 

8: (Park et al., 2009) 
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2. Objectives 

In chapter 2, the bioassay- guided fractionation approach was used including anti-oxidant 

and anti-microbial assay to purify the bioactive compounds from SCG extraction. 

The specific objectives of this study are described as following 

1. Perform bioassay guided-purification to explore new skin-care application. 

2. Isolate the bioactive compounds in SCG by flash liquid chromatography fractionation 

followed by HPLC. 

3. Perform FRAP anti-oxidant assay and zone of inhibition anti-microbial assay to 

confirm and evaluate the activity.  

4. Compare the difference in antioxidant and antimicrobial activities between selected 

three cultivars.  

5. Identify potential compounds in active fractions using high-resolution MS 

metabolomics. 

3. Materials and Methods 

The health-promoting properties of coffee are often attributed to its rich phytochemistry, 

including caffeine, chlorogenic acid, caffeic acid, hydroxyhydroquinone (HHQ). Since 

coffee contains multiple bioactive compounds such as anti-oxidant, anti-inflammatory, 

anti-microbial, and anti-tumor, we need to isolate and identify each compound from 

whole extract by checking each fractions from chromatography. Liquid chromatography 

including Flash chromatography and HPLC enable to generate fractions from extract 

having different purpose. Flash chromatography helps to fractionate the extract into vials 

which contains around 100 compounds. Further steps are need to purify the one hundred 
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compounds using HPLC. In this stage, we can narrow down into only one or two 

compounds in one vial.  

For this study, the SCG extract from three cultivars, including Ethiopian Yirgacheffe, 

Costa Rican Tarrazu, Hawaiian Kona) were evaluated for their antioxidant and 

antimicrobial activities by FRAP antioxidant assay and zone of inhibition assay 

respectively.  

As described in the Figure 2.3, the bioactive compounds in SCG were purified by HPLC 

after fractionated by flash liquid chromatography. The purified compounds were 

characterized by ultra-pressure liquid chromatogram (UPLC) coupled with high-

resolution mass spectrometry (HRMS).  The ion chromatograms were submitted to 

XCMS, and the identified signals were annotated by comparing with the METLIN 

metabolomics library. 
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Figure 2.2. Flow chart of the SCG project using bioassay guided purification 
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3.1. Explore new application (antioxidant and antimicrobial activities) 

through bioassay-guided purification 
 

Anti-oxidant analysis 

3.1.1. Sample preparation  
 

SCG from three Arabica coffee cultivars including Ethiopian Yirgacheffe, Costa Rican 

Tarrazu, and Hawaiian Kona were selected for this study. Roasted and grinded coffee were 

purchased from the local Lakota Coffee (Columbia, Missouri). After brewing for 5 

minutes, SCG were collected. Twenty-five grams of wet SCG (78% water, about 5.5 g DW 

equivalent) were homogenized with blender and the compounds were extracted with 200 

ml methanol (HPLC-grade, purchased from Fisher Scientific, Pittsburg, PA, USA). The 

extract was then sonicated for 60 mins and filtered through Whatman phase separators 

(silicone treated filter paper, diameter 125mm). The methanol was evaporated by rotary 

evaporator. The phenolic compounds were extracted by a sequential water: chloroform 

liquid/liquid extraction with 200ml of chloroform (HPLC-grade, purchased from Fisher 

Scientific, Pittsburg, PA, USA).  Following the liquid/liquid extraction, the chloroform 

fraction was collected and the chloroform was removed by a rotary evaporator (BUCHI, 

Rotavapor R 110). The powder form of final extract was loaded on the flash 

chromatography column packed with 34g of C18 resin (Specific surface area: 460-520 m2 

/g, average particle size: 47-60 µm, average pore diameter: 60-87 Å) 

 

3.1.2. Fractionation and bioassay-guided purification 

The compounds in the extract was fractionated by a Jones Flash Master II Flash 

Chromatography connected with a fraction collector. The mobile phases consist of 
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methanol and deionized water. Compounds were separated by a gradient described as 

following: 25% in the first 40 min, followed by a linear gradient from 25% to 50% solvent 

B (Methanol) for 50 min, then followed by a linear gradient from 50% to 75% B for 30 

min, and then remain 75% for 60 min before achieve the 100% conditions. The flow rate 

was maintained at 2.5 mL/min.  

For further purification, the bioactive fractions collected from flash chromatography were 

injected into a Shimadzu SCL-10Avp HPLC system with a SPD-M10Avp photodiode 

array detector coupled with a Shimadzu FRC-10A fraction collector. The compounds were 

separated by a Phenomenex (Torrance, CA) Columbus C8 (250mm x 4.6 mm; 5 µm 

particle size) reverse-phase column. The mobile phases consist of ACN and deionized 

water by following gradient: 20% to 80% for 16 min with a linear gradient, then followed 

by a linear gradient from 80% to 98% solvent (ACN) for 2 min, and then remain 98% for 

1 min before go back to 20% at 20 min. The gradient remain 20% for 9 min. The total 

running time was 30 min with 0.5 mL/min of the flow rate. The signals were monitored at 

wavelength of 220 and 254 nm. The injection volume was 50 µL. Each fraction was 

collected, and the fraction with the same retention time window were combined after 

injection of the extracts 30 times.  

 

 



 

 
72 

 

Figure 2.3. Flow chart of the bioassay-guided purification for identifying antioxidant activity and 

antimicrobial assay. Same approach was applied for antimicrobial test.  
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3.2. Determination of anti-oxidant activities 

Each fraction was tested for the anti-oxidant activities using FRAP™ Detection Kit for 

anti-oxidant activity. All fractions were prepared with three dilution factors including 

1:10, 1:100, and 1:1000 and raw extracts were prepared with two dilution factors 

including 1:25 and 1:50 to be within the range of the calibration curve (Figure 4). 20ul of 

samples or STDs into wells were pipetted in 96 well. 20ul of buffer was used as Zero 

STD. After all samples was loaded, 75ul of Color Solution to each well was added using 

repeater pipet. The absorbance value at optical density 560 nm was read after incubating 

at room temperature for 30 minutes. FRAP assay uses antioxidants as reductants in 

redox-linked colorimetric method. Ferric (Ⅲ) [colorless] to Ferrous (Ⅱ) [blue] can be 

monitored by measuring absorbance at 560 nm. The absorption readings are related to the 

reducing power of the electron-donating antioxidants present in the test compound. 

Hence the FRAP assay can rank the reducing power and the antioxidant potential of a 

wide range of test compounds. Calibration curve represents FeCl2 concentration (µM) in 

X-axis and optical density (nm) in Y-axis. Seven standards solutions including 0, 31.25, 

62.5, 125, 250, 500, and 1000 (µM) were used for the development of the calibration 

equation.  

 

3.3. Anti-bacterial analysis 

3.3.1. Sample preparation  

Twenty-five grams of wet SCG (78% water, about 5.5 g DW equivalent) were 

homogenized with blender and extracted with 200 ml methanol. The extract was then 

sonicated for 60 mins and filtered using phase separators (silicone treated filter paper, 
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diameter 125mm). Methanol was evaporated by nitrogen evaporator and samples were 

redissolved in 0.5ml of DMSO (550 mg/ml).  Raw extracts including Ethiopian 

Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona using same method as anti-

oxidant assay for bioassay-guided purification were used for zone of inhibition assay. 

Fractionated 43 samples through Flash chromatography dissolved in 100 µl of DMSO 

after evaporating methanol were also tested. With agar diffusion method, approximately 

one million cells from a single strain of Staphylococcus aureus were spread over an agar 

plate, then incubated in the presence of 10 µl of the extracts or fractions. If the bacterial 

strain is susceptible to the antimicrobial agent, then a zone of inhibition appears on the 

agar plate. If it is resistant to the antimicrobial agent, then no zone is evident. DMSO was 

used as a control. The size of the zones were measured to quantify and evaluate the 

antibacterial activities. 

 

3.4. High resolution (HR) metabolomics analysis  

The compounds in the purified bioactive fractions were analyzed by UPLC-HRMS and 

data was processed by XCMS Online. The signal was annotated by comparing the 

METLIN metabolomics library. The purified fraction was analyzed by a Bruker maXis 

impact quadrupole-time-of-flight mass spectrometer coupled to a Waters ACQUITY 

UPLC system. Separation was achieved on a Waters C18 column (2.1x 100 mm, BEH 

C18 column with 1.7-um particles) using a linear gradient of 95%:5% to 30%:70% eluent 

A:B (A: 0.1% formic acid, B: acetonitrile) over 30 min. Between 30-33min, the a linear 

gradient was increased from 70% to 95% B, and maintain at 95%B for 3 min. The 

percentage of B was maintained at 5% from 36-40 min. The flow rate was 0.56 mL/min 
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and the column temperature was 60 C. Mass spectrometry was performed in the negative 

(or positive) electrospray ionization mode with the nebulization gas pressure at 43.5 psi, 

dry gas of 12 l/min, dry temperature of 250C and a capillary voltage of 4000V. Mass 

spectral data were collected from 100 to 1500 m/z and were auto-calibrated using sodium 

formate after data acquisition. The generated spectra were submitted to XCMS analysis. 

The pairwise analysis between the control (ACN) and purified fraction was performed for 

the background subtraction. Parameters in high resolution analysis were: maximal 

tolerance of 10 ppm between successive measurements, peak width of 5-20 s, S/N 

threshold of 6 and obiwarp algorithm for retention time correction and alignment (width 

of overlapping m/z slices 0.015, minimum fraction of samples 0.5 for group validation). 

To visualize differences between two samples in pairwise job, 0.001 of p-value threshold 

and 1.5 of fold change was selected to be considered highly significant.  The bioactive 

compounds were identified by comparing the accurate mass of the molecular ions with 

the candidates in the METLIN database.  

In metabolomics, two group comparison is very common way to assess difference between 

treated versus control. In the study, the control indicates ACN (purchased from Fisher 

Scientific, Pittsburg, PA, USA), solvent which is used in UPLC Bruker Q-TOF (High 

resolution MS) system.  In XCMS Online pairwise test, comparison between ACN and 

purified F13 was analyzed. This process was conducted in both positive and negative 

modes. Once UPLC/Bruker QTOF (HRMS) was marked, it automatically activates 

centWave algorithm, which is new published algorithm designed for centroid and high 

resolution data for both two-group comparison study. Parameters in high resolution 

analysis were: maximal tolerance of 10 ppm between successive measurements, peak width 
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of 5-20 s, S/N threshold of 6 and obiwarp algorithm for retention time correction and 

alignment (width of overlapping m/z slices 0.015, minimum fraction of samples 0.5 for 

group validation). To visualize differences between two samples in pairwise job, 0.001 of 

p-value threshold and 1.5 of fold change was selected to be considered highly significant.  

 

3.5. Statistical analysis 

All data including antioxidant and antimicrobial assay are presented as mean values 

(±S.E). Values within columns followed by different superscript letters (A and B) are 

statistically different (P < 0.05). One-way analysis of variance (ANOVA) followed by 

pairwise comparisons of means was performed to assess the difference in three cultivars. 

Pairwise comparison of means was analyzed by Tukey’s range test. R: The R Project for 

Statistical Computing 3.3.1 was used for both statistical analysis. Samples were analyzed 

with 2 dilution factors and sextuplicate (n = 6) for antioxidant assay. In zone of inhibition 

assay, the diameter was measure three times for each samples with triplicate. However, 

the maximum and minimum value was eliminated for statistical analysis. Therefore, 

Septuplicate (n = 7) were used for each cultivars in ANOVA.  

 

4. Results 

4.1 Antioxidant study 

The FRAP analysis was successfully utilized to evaluate the antioxidant activities of raw 

SCG extracts and the isolated fractions, suggesting the correlation coefficient of  0.9997 

with the calibration range from 0-1000 µM of FeCl2 (Figure 2.4).  The results of the study 

suggested that the SCG from Hawaiian Kona had highest antioxidant, about 23% higher 
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as compared to Yirgacheffe (Figure 2.5 and Table 2.1). The FRAP (Ferric Reducing 

Antioxidant Power) assay measures the ability of an antioxidant to reduce ferric (III) to 

ferrous (II) in a redox-linked colorimetric reaction (Grover and Patni, 2013). Antioxidant 

induces the reaction producing ferrous (II) which has blue color from ferric (III). The 

reducing power of a compound serves as a significant indicator of its potential 

antioxidant activity. In investigated antioxidant results, the reducing power was higher in 

higher concentration of the extracts (Table 2.1). Interestingly, SCG extracts from Costa 

Rican Tarrazu and Hawaiian Kona have significantly higher antioxidant activity (p < 

0.05) compared to extracts from Ethiopian Yirgacheffe even though there was no 

significant difference between Tarrazu and Kona in 1:25 concentration. Same aspect was 

assessed in lower concentration (1:50). The antioxidant result value in absorbance was 

converted into value of FeCl2 concentration using equation y = 0.002x - 0.0054 generated 

by standard curve (Figure 2.4). Figure 2.5 shows FeCl2 concentration among three 

cultivars and Hawaiian Kona has highest reducing capacity.  

Among the 43 fractions of the Ethiopian Yirgacheffe SCG extracts collected from the 

flash chromatography fractionation process, fraction number 4 showed the highest 

antioxidant activity (Figure 2.6). The bioactive compounds in the fraction 4 was further 

purified by the HPLC and 26 sub-fractions were obtained. After all fractions were tested 

through FRAP assay, sub-fraction 14 collected from HPLC separation showed the highest 

antioxidant activity among 26 fractions (Figure 2.7).  
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Figure 2.4. Standard curve of FRAP assay. Each dot in X axis represents around 0, 31.25, 62.5, 125, 250, 

500, 1000 FeCl2 concentration of standards (STD; n = 7).  
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Table 2.1. Antioxidant activity of SCG methanol extracts of three cultivars including Ethiopian 

Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona 

  
FRAP (abs. at 560 nm) 

Dilution factors 

Cultivar 1:25 1:50 

Ethiopian Yirgacheffe 0.469±0.023a 0.310±0.008a 

Costarican Tarrazu 0.553±0.008b 0.350±0.008b 

Hawaiian Kona 0.551±0.016b 0.353±0.008b 

 

Means in the same column followed by different letters (a-b) represent statistical significance (P <0.05). 

Samples were analyzed with 2 dilution factors (1:25 and 1:50) and sextuplicate (n = 6). One-way analysis 

of variance (ANOVA) followed by pairwise comparisons of means using Tukey’s range test was performed 

to assess the difference in three cultivars (significance level P < 0.05). R: The R Project for Statistical 

Computing 3.3.1 was used for statistical computing.  
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Figure 2.5. Reducing power of methanol extract (10mg/mL) from three SCG cultivars including Ethiopian 

Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona were compared. Concentration of FeCl2 was 

calculated from FRAP value (absorbance in 560nm) using y = 0.002x - 0.0054. Hawaiian Kona had highest 

antioxidant compared to other cultivars.  

 

Means in the same column followed by different letters (A-B) represent statistical significance (P <0.05). 

Sextuplicates were analyzed using one-way analysis of variance (ANOVA) followed by pairwise 

comparisons of means using Tukey’s range test was performed to assess the difference in three cultivars (n 

= 6, significance level P < 0.05). R: The R Project for Statistical Computing 3.3.1 was used for statistical 

computing.  
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Figure 2.6. Antioxidant activities of the fractions from flash chromatography (1:10 dilution). The fraction 

number 4 showed highest antioxidant activity as 475.16 µM FeCl2 condition among 43 fractions so F4 was 

injected into HPLC for further purification. 
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Figure 2.7. 26 fractions was obtained from HPLC and tested through FRAP assay. Fraction 14 (vial 13) 

was revealed as bioactive fractions with high antioxidant activity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

V
ia

l0

V
ia

l1

V
ia

l2

V
ia

l3

V
ia

l4

V
ia

l5

V
ia

l6

V
ia

l7

V
ia

l8

V
ia

l9

V
ia

l1
0

V
ia

l1
1

V
ia

l1
2

V
ia

l1
3

V
ia

l1
4

V
ia

l1
5

V
ia

l1
6

V
ia

l1
7

V
ia

l1
8

V
ia

l1
9

V
ia

l2
0

V
ia

l2
1

V
ia

l2
2

V
ia

l2
3

V
ia

l2
4

V
ia

l2
5

V
ia

l2
6

FRAP assay from HPLC



 

 
83 

 

4.1.2. High resolution metabolomics analysis of flash chromatography 

fractions 
 

Purified bioactive fractions 13 was used to be analyzed for identification of compound in 

using global metabolomics platform, XCMS Online. The reason why fraction 14 was 

selected for high resolution metabolomics analysis is it showed highest anti-oxidant 

activity among 26 HPLC fractions.  

Table 2.2 represents identified bioactive compounds in fraction 14 purified by HPLC. 

The result was generated through XCMS Online high-resolution metabolomics analysis.  

In fraction 14, several compounds which were used as fragrances in cosmetics. For 

example, linalyl cinnamate was detected at RT 12.75 and piperonal acetone was found at 

RT 16.43. Additionally, coumarin derivative including hydroxycoumarin, and 

umbelliferone were detected. These bioactive compounds have anti-viral (Cingolani et 

al., 1969), anti-oxidant (Bailly et al., 2004), and photo protective (de Araujo Leite et al., 

2015) effects. Antioxidant (Ramesh and Pugalendi, 2006), anti-inflammatory (Lino et al., 

1997) and anti-mutagenic (Ohta et al., 1983) effects were reported from studies on 

umbelliferone. In fraction 14, another bioactive compound were found at RT 11.05 with 

m/z 151.0754. Especially, hydrocinnamic acid is widely used in food and perfume 

industry as fixative agent, or a preservative to maintain the original scents. It also acts as 

an emulsifier. In cosmetics, it is used frequently as softeners, and soaps providing floral 

scent (Grover and Patni, 2013). Another compound cafestol was identified as highly 

possibility among other candidate compounds such as fragrant compounds, coumarin 

derivatives, and hydrocinnamic acid. The peak intensity was the highest for cafestol 

compared to other compounds in same fraction. Cafestol is one of the coffee-specific 

diterpenes which has been reported as antioxidant agents. According to the Lee and 
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Jeong, cafestol is markedly effective in protection against H2O2- induced oxidative stress 

and DNA damage due to its free radical scavenging activity as strong antioxidants.  
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Table 2.2. Identified compounds in purified fraction 14 through XCMS Online HR metabolomics analysis. 

Each row indicates feature, compound name, m/z, retention time, maximum intensity and its known 

bioactivity. Using XCMS Online platform, chemical profiling was compiled.  

 

F14POS_Hconc_HR m/z RT 

Max 

intensity 

bioactivity 

1329 Cafestol 679.9 11.83 618,624 Antioxidant  

5 Linalyl cinnamate 285.1853 12.75 16,010 Fragrance 

6 Piperonal acetone 191.0704 16.43 85,550 Fragrances 

28 3-Hydroxycoumarin 163.0391 13.19 43,960 

Anti-viral, 

antioxidant, 

photo protective 

28 Umbelliferone  163.0391 13.19 43,960 

Antioxidant, 

anti-

inflammatory, 

anti-mutagenic 

29 Hydrocinnamic acid 151.0754 11.05 11,982 Anti-tyrosinase 

 



 

 
   
 

8
6
 

 
 
Figure 2.8. Total ion chromatogram (TIC) of fraction 14 purified by HPLC. The TIC was generated by XCMS Online positive ion mode. The highest 

peak intensity 618,624 was shown at RT 11.83 with m/z 679.9 and cafestol was the best possibility among other compound candidates.  
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Besides SCG extracts samples, we also evaluated the pure compounds that have been 

reported in the SCG or coffee using FRAP assay. Table 2.3 shows ferric reducing power 

of bioactive compounds which were reported as antioxidant in previous studies. 

Interestingly, some compounds including quinic acid, resveratrol, chlorogenic acid, 4-

hydroxybenzoic acid, caffein, chryin, apigenin, rutin hydrate, nargine P-coumaric acid, 

and hesperetin had no reducing ability through FRAP assay. Guaiacol showed highest 

reducing power followed by walnut sample, gallic acid, quercetin, and myricetin. 
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Table 2.3. FeCl2 concentration (µM) of bioactive compounds which were reported in previous study 

(unpublished data by Nahom Taddese Ghile and Lin).  

 

List of samples analized  Ferrous Chloride Con.(µM) 

Quinic acid  0 

Resveratrol 0 

Chlorogenic Acid 0 

Gallic Acid  71.7 

Quercetin 61.1 

4-Hydroxybenzoic acid 0 

Caffein  0 

Chryin 0 

Apigenin 0 

Guaiacol 109.29 

Rutin Hydrate 0 

Naringin  0 

Myricetin  18.62 

P-coumaric acid  0 

Hesperetin  0 

walnut 74.81 

Guaiacol showed highest Ferrous Chloride concentration which means highest antioxidant activity among 

samples. Walnut samples, Gallic acid, and Quercetin showed an intermediate antioxidant activity, followed 

by myricetin. quinic acid, resvertarol, chlorogenic acid, 4-hydroxbenzoic acid, caffein, chryin, apigenin, 

rutin hydrate, nargine, P-cormaric acid, and hesperetin did not have detectable value from the FRAP assay.  
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4.2 Antibacterial activity against Methicillin-resistant Staphylococcus aureus 

(MRSA) 

All the SCG extracts from the 3 varieties, have shown a strong or moderate antibacterial 

activity against Methicillin-resistant Staphylococcus aureus (MRSA) in our anti-

microbial activity in zone of inhibition test (Figure 2.9).  For this assay, the inhibition 

zone diameters around each of the disc (diameter of inhibition zone minus diameter of the 

disc) were measured. The inhibition zones were 8 mm or greater, suggesting strong 

antibacterial activity.   

 The SCG extracts from Hawaiian Kona and Yirgacheffe showed the highest 

antimicrobial activity. The mean values of the antibacterial activities of the SCG extracts 

of all the investigated cultivars is shown in Figure 2.10. The mean value of zone of 

inhibition was 8.85 mm in Hawaiian Kona sample followed by 8.19 and 5.76 in 

Yirgacheffe and Tarrazu respectively. The difference between these Hawaiian Kona and 

Yirgacheffe was not significant (P < 0.05).  

Among the 43 collected fractionated Ethiopian Yirgacheffe SCG extracts generated by 

flash chromatography, fraction number 7 and 12 showed the highest antimicrobial 

activity (Figure 2.11). The rest of fractions beyond fraction number 20 that have no 

activity were not presented in the Figure 2.11. Unlike antioxidant result, Tarrazu showed 

the lowest antimicrobial activity. Although it is ideal to use multiple bacterial strains to 

examine anti-microbial activity of SCG, S. aureus causing dermatological issue such as 

acne was presented in this study due to its importance in cosmetic field.   
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Figure 2.9 SCG samples (Number from 47 to 55) had strong anti-microbial activity which is Ethiopian 

Yirgacheffe, Costa Rican Tarrazu, Hawaiian Kona. The size of inhibition zone was measured three times 

for all samples. Among three cultivars, Kona showed the highest anti-microbial activity having 8.85 mm 

inhibition zone.  
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Figure 2.10. Antimicrobial activities of the E (Ethiopian Yirgacheffe), C (Costa Rican Tarrazu), H 

(Hawaiian Kona). Using zone of inhibition assay for assessing anti-microbial activity against S. aureus, we 

found the following order of efficiency among coffee Arabica cultivars: Kona (8.85) > Yirgacheffe (8.19) 

>> Tarrazu (5.76). DMSO did not show any inhibitory activity. Inhibition zone: 8 mm or greater — good 

antibacterial activity; 6–7 mm — moderate antibacterial activity; 4–5 mm — weak antibacterial activity; 2–

3 — very weak antibacterial activity. 

  

Mean values followed by different letters (A and B) represent statistical different (P <0.05). Zone of 

inhibition is expressed as the diameter (mm). Values represent means ± standard deviations of inhibition 

zones from experiments, each using triplicate plates and was measure three times. Means with the same 

superscripts (A, and B) are not significantly different (P < 0.05) from each other. One-way analysis of 

variance (ANOVA) followed by pairwise comparisons of means was performed to assess the difference in 

three cultivars (n = 7, significance level P < 0.05). R: The R Project for Statistical Computing 3.3.1 was 

used.   
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Figure 2.11. Antimicrobial activity of 43 fractions using flash chromatography from Ethiopian Yirgacheffe. 

Fraction number 7 and 12 showed highest zone of inhibition value. The rest of fraction number over 20 that 

have no activity doesn’t represent in the chart.  
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5. Discussion 

5.1. Antioxidant activity of SCG for cosmetic application  

5.1.1. Comparison between three cultivars (Yirgacheffe, Tarrazu, and Kona) 

in antioxidant properties 

Among three cultivars of SCG samples, Hawaiian Kona showed the highest antioxidant 

activities (Figure 2.5). Even though the activity doesn’t show much difference between 

Tarazzu and Kona, their reducing power were significantly (significance level P < 0.05) 

higher than Yirgacheffe (Table 2.1). All three SCG extracts showed dose-dependent 

aspect in FRAP anti-oxidant assay. The reducing power was increased with the 

increasing concentrations. It means that at higher concentration (1:25), the reducing 

power was stronger than low concentration (1:50). The concentration of raw extracts was 

solvent ratio 100 (ml/g) and their FRAP value (mM Fe(II)/g SCG) was from 0.814 mM to 

1.0 mM of FeCl2.  Our results showed linear correlation to the other research. According 

to Mussatto, in methanol extracted SCG, sample solvent/solid ratio 10 (ml/g) showed 

0.021 (mM Fe(II)/g SCG) FRAP value and sample solvent/solid ratio 30 (ml/g) showed 

0.116 (mM Fe(II)/g SCG) FRAP value (Mussatto et al., 2011a). When the antioxidant 

activities of SCG were compared to other research on tea antioxidants which is widely 

known as strong antioxidant source containing large amounts of polyphenolic 

compounds, SCG have similar or much better reducing power. Their study showed that 

different types of tea had widely different antioxidant activities, ranging from 132 µmol/g 

for one type of black tea (“Premium Yun-Nan Puerh Tea”) to 1144 µmol/g for one of the 

green teas (“China Green Tea”) tested. Also they estimated that the a cup of tea with the 

highest antioxidant which has similar reducing power with SCG can be act as 100-200mg 
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of pure ascorbic acid (vitamin C). This highlights the enormous potential of SCG as a 

strong antioxidant material (Benzie and Szeto, 1999).  

 

5.1.2. High-resolution analysis result of purified fractions 14; possible anti-

oxidant effect 
  

Cafestol was identified as the major antioxidant agent in the purified fraction 14, which 

had the strongest antioxidant activities among all the purified fractions. Previous research 

have demonstrated the strong antioxidant activities of cafestol (Lee and Jeong, 2007). 

Oxidative stress plays an important role in skin aging. This process is deeply related to 

reactive oxygen species (ROS), induced by UV light. Antioxidants are major protector 

against the free radicals coming from oxidative stress. Especially, plant-derived 

polyphenols are considered as strong antioxidants and the use of them are increasing in 

cosmetic formulation (Potapovich et al., 2013). Our results are consistent with other 

studies conducted previously. According to Lee, and Jeong (Lee and Jeong, 2007), 

cafestol has shown to rapidly react with hydroxyl radicals to protect DNA damage and 

scavenge superoxide radicals.  

 

5.1.3. FRAP antioxidant assay with the analytical standards 

 

In table 2.3, guaiacol showed highest Ferrous Chloride concentration suggesting the 

highest antioxidant activity among samples. There are several assays that have been 

developed to measure antioxidant capacities of the natural products (Thaipong et al., 

2006). For example, Thaipong and Kriengsak (2006), compare and evaluate ABTS, 
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DPPH, FRAP, and ORAC assays in measuring the antioxidant ability in plant extract. 

Among them FRAP assay was revealed as appropriate method due to high 

reproducibility, simplicity, rapidity in performance and highest correlation with both 

ascorbic acid and total phenolics (Thaipong et al., 2006). In other research using DPPH 

antioxidant assay which measures radical scavenging activity, guaiacol known as 

commercial antioxidants showed strong activity. Similar to their findings, our study also 

showed that the compound has the highest antioxidant activity when it was evaluated by 

FRAP assay (Table 2.3). This strong antioxidant activity associated with the ortho 

substitution with the electron donor methoxy groups, which is an important factor to 

stabilize the phenoxy radical leading to antioxidant capacity. Walnut extracts, gallic acid, 

and quercetin showed an intermediate antioxidant activity, followed by myricetin. On the 

other hand, quinic acid, resvertarol, chlorogenic Acid, 4-hydroxbenzoic acid, caffein, 

chryin, apigenin, rutin hydrate, nargine, P-cormaric acid, and hesperetin did not show 

detectable value from the FRAP assay even though they are studied as antioxidant. This 

is because quinic acid is pro-metabolite for synthesis of tryptophan and nicotinamide in 

the gastrointestinal tract possessing DNA repair properties instead of showing direct 

antioxidant activity in FRAP assay (Pero et al., 2009). One study assessing antioxidant 

activity from FRAP assay validated quercetin and tannic acid showed the has high 

antioxidant activity, followed by gallic and caffeic acids. In addition, resveratrol showed 

the lowest reducing ability of all the studied antioxidants among quercetin, tannic acid, 

gallic acid, caffeic acid, BHA, rutin, trolox, catechin, ferulic acid, and ascorbic acid. It 

agrees with the results reported by this paper. Multiple studies demonstrated that 

resveratrol has less activity than quercetin or epicatechin toward reduction of hexanal 
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generation from oxidized LDL (Pulido et al., 2000). Furthermore in evaluation of the 

antioxidant activity of flavonoids using FRAP assay, -OH flavone, 7-OH flavone, 

chrysin, apigenin, naringenin, and hesperetin showed no or very low activity in the FRAP 

assay (Firuzi et al., 2005) which is similar aspect as this study. In other antioxidant 

property test, activity of even naringenin which was higher than its glycoside naringin 

(Cavia‐Saiz et al., 2010). In most of comparison study for antioxidant activity, quercetin 

is located in high-level among flavonoids and phenolic acids. It acts as iron chelator, 

which maintains antioxidant activity in mechanism and usually included in sunscreen 

such as EltaMD UV Physical Broad-Spectrum, SPF41, and EltaMD by Swiss-American 

(TM/®). Unlike quercetin, the effect of resveratrol in skin wrinkling and skin photo aging 

has been demonstrated in cellular level (Lee et al., 2016). Several cosmetic products 

contains resveratrol as plant extracts, or pure compound form in Moisture Reservoir 

Hand Cream, Love Life Skin, 46 Graphic Place Moonachie, NJ Estee Lauder Re-Nutriv 

Ultimate Youth Crème Reviews (Kusumawati and Indrayanto, 2013). The result of this 

study supports that SCG can be used in cosmetic formula as active ingredient due to its 

high concentration of antioxidant phenolic acid and flavonoids. 

 

5.2. Antimicrobial activity of SCG for cosmetic application 
  

Zone of inhibition assay indicates that Hawaiian Kona and Ethiopian Yirgacheffe SCG 

extract can be considered as great anti-bacterial source compared to Costa Rican Tarrazu 

cultivars (Figure 2.10). These days, anti-microbial activities become more important for 

safe use of the products prohibiting germ spread in using cosmetics. By formulating anti-
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microbial compounds in cosmetics, the products can be safe from causing skin infections, 

or discoloration of the product itself during the usage, and after they are opened. Since 

coffee has been reported as antimicrobial material due to several compounds such as 

caffeine, chlorogenic acid, protocatechuic acid (Almeida et al., 2006), and melanoidins 

(Rufian-Henares and de la Cueva, 2009), we expect that SCG still contains bioactive 

compounds for preventing spoilage or skin disease from microbial contamination. 

 Thus, zone of inhibition assay was conducted to evaluate the activity of raw SCG 

samples and flash chromatography fractions against S. aureus, one of the most common 

pathogen causing acne. Since disease from S. aureus occurs in hospital starting from skin 

infection, S. aureus are used prevalently these days for antimicrobial activity evaluation. 

In this study, S. aureus strain which is called MRSA that resistant to antibiotics was used 

for testing anti-microbial activity of SCG. S. aureus major strain of skin infection causing 

a range of illnesses, from minor skin infections, such as pimples, impetigo, boils, 

cellulitis, folliculitis, carbuncles, and abscesses, to life-threatening diseases such as toxic 

shock syndrome, bacteremia, and sepsis. In cosmetics, acne is the most common skin 

issue in the United States, affecting up to 50 million Americans annually (Bickers et al., 

2006). Specially, S. aureus is known as one of the major bacteria causing acne in human 

skin. Since the acne-causing bacteria are usually gram positive (Daud et al., 2013), it is 

reasonable to believe that the SCG could be also used to treat acne pathogenesis and 

other skin conditions associated with similar infection by gram positive bacterial, such as 

P. acnes, S. epidermidis, S. aureus, Klebsiella pneumoniae, Streptococcus, and 

Enterobacter. 
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Similar to the findings reported by Monente (2015), SCG samples were shown 

antimicrobial activity against Gram-positive bacteria using the inhibition zones of the 

agar-well diffusion method (Figure 2.10). Another studies evaluate that spent coffee has 

more strong antibacterial activity against S. aureus than coffee brew in Arabica and 

Robusta species (Monente et al., 2015) indicating SCG as a potential by-product with 

high value. Recent studies evaluated that caffeine, trigonelline and protocatechiuic acids 

can act as natural antimicrobial compounds (Almeida et al., 2006). Anti-fungal effect of 

caffeine is related to inhibition of aflatoxin production (Buchanan and Fletcher, 1978) 

and its antimicrobial effect is from DNA repair mechanism inhibition . Aromatic and 

phenolic compounds exert antimicrobial activity by altering the structure and function of 

the cytoplasmic membrane, inhibiting electron transport (Buchanan and Fletcher, 1978). 

In addition, bioactivity can be influenced by the heat treatment during roasting process 

forming coffee melanoidins which have antibacterial activity.  It is known that 

antimicrobial activity of melanoidins could be mediated by metal chelating mechanisms 

(Rufian-Henares and de la Cueva, 2009). This process called Maillard reaction are 

responsible for antibacterial activity of roasted coffee which shows better antimicrobial 

activity than raw coffee extracts. One study on “antimicrobial activity of Psidium 

guajava and Juglans regia leaf extracts to acne-developing organisms” presented the in 

vitro inhibitory effect of the leaf extracts on acne lesions. They figured out that the acne 

legion constitutes Propionibacterium acnes, Staphylococcus aureus, and Staphylococcus 

epidermidis account for 47%, 13%, and 24% respectively. The zones of inhibition due to 

15% of Juglans regia leaf extracts showed 10mm against S. aures, (Qa'dan et al., 2005) 

similar result as Hawaiian Kona SCG (maximum 12mm). Further studies such as high 
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resolution metabolomics are need to identify the compounds in fraction 7 and 12 obtained 

from flash chromatography. Besides caffeine, trigonelline and protocatechiuic, other 

compounds such as quercetin glycosides, guaiacol, and cinnamic acid can be candidates 

of antimicrobial compounds in fraction 7 and 12. Selected compounds which can be 

found in coffee for antimicrobial activity were based on prior study by (Aga et al., 1994) 

and (Arima and Danno, 2002). This translational research projects could help turn the 

low-value bioactive SCG into bioactive, and organic active ingredients in personal care 

product, as an excellent alternative, to the synthetic preservatives. As a result, it provides 

safe and long-lasting “green “cosmetics product for customers for skin conditioning or 

treatment, such as inhibition of the acne-causing bacteria or acne prevention. 

Due to the strong inhibitory effects of the SCG extracts against gram positive bacteria, 

the active ingredients cane be formulated into other personal products, such as toothpaste, 

lotions, spray, sanitizers, shampoo, wound healing patches.  

Other skin-care application 

5.3. Importance of anti-inflammatory and anti-carcinogenesis activity in 

cosmetics 

In table 2.2, positive modes, umbelliferone was found in SCG which have also anti-

inflammatory effect (Rauf et al., 2014). It is a potential candidate compound that can be 

found in purified fraction 14 (Table 2.2). Skin is always subject to inflammation, and the 

immediate effects on skin is redness, cracked skin, dry patches, spots (post-inflammatory 

hyperpigmentation) and aging. The anti-inflammatory properties can be related to 

inhibiting of the cyclooxygenase and lipoxygenase activity and pro-inflammatory 

cytokines inhibition. The skin irritation is related to releasing of cyclooxygenase and 
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prostaglandin in the skin. This phenomenon increases in trans-epidermal water loss and 

skin pH value. The active compounds in SCG extracts specially flavonoids and phenolic 

acid showing anti-inflammatory activity, can attribute to the reduction of the erythema 

and also help to improve the skin barrier function (decrease in trans-epidermal water loss 

and pH value), which is associated with the fast skin return to homeostasis after exposure 

on irritants. Usually, exposure to UVB radiation induces oxidative and inflammatory skin 

damage, thereby increasing the risk of skin carcinogenesis (Choi et al., 2014). The study 

by Cooper Bowden, activation of two transcription factor such as NF-κB, and AP-1 by 

prolonged UV exposure have been identified to be involved in the processes of cell-

proliferation, cell differentiation and cell survival and therefore play important roles in 

tumorigenesis (Cooper and Bowden, 2007).  

 

5.4. High resolution metabolomics analysis followed by bioassay guided 

purification 
 

Even though glycosylated form of flavonoids show weaker bioactivities compared to free 

form, this study demonstrates potential antioxidants which are from SCG flavonoids such 

as coumarin derivatives. By chemical profiling through XCMS Online high resolution 

analysis, we revealed that strong ferric reducing power might from flavonoids including 

umbelliferone which is contained in fraction 14. One study revealed that umbelliferone 

has a remarkable antioxidants from hydrogen donating or radical-scavenging ability, 

deoxyribose, chelating power, reducing power and lipid peroxidation assay (Singh et al., 

2010). It is therefore, imperative to study the plant material for its potential as a 

scavenger of free radicals. Flavonoids are the active ingredients of many herbal 

medicines which can exhibit anti-inflammatory, anti-oxidant, immuno-regulatory, anti-
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tumor and anti-radiation effects (Grover and Patni, 2013; Oh et al., 1997). These days, 

studies on natural compounds with bioactivity and effort to apply to cosmetic approach 

are being conducted widely. Apparently, the aglycon forms (the molecular form without 

sugar residues) of flavonoids are the biologically most active compounds in mammal 

metabolism. Commonly the bioactive ingredients of plants are always exist in mixture of 

aglycones and hydrophilic glycosides (Ryu et al., 2013). Aglycones are hydrophobic and 

can be permeable through skin easier due to low molecular weight whereas glycosides 

have disadvantages to be a cosmetic material (Ryu et al., 2013). This phenomenon also 

can be explained that penetration enhancers have low molecular weight (Bos and 

Meinardi, 2000). In addition to bioavailability difference between flavonoid aglycones 

and glycosides, difference in bioactivity is important as well. Antioxidant activity of 

quercetin and quercetin monoglucosides shows that it is apparent that the activity of 

quercetin is much higher than that of quercetin glucosides due to structural effect to 

radical scavenging activity (Ioku et al., 1995). Since bioactive fractions evaluated by 

zone of inhibition assay have not been purified through HPLC, further studies are need to 

identify compounds which has antimicrobial activity. 

 

6. Conclusion 

Bioassay-guided purification method coupled with global metabolomics was utilized to 

identify possible antioxidant candidates in SCG samples. We identified several 

antioxidant agents such as cafestol, and coumarin derivaties in purified fractions 13. 

Also, comparison analysis of FRAP antioxidant assay was conducted to evaluate 

reducing power between three SCG cultivars including Ethiopian Yirgacheffe, Costa 
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Rican Tarrazu and Hawaiian Kona. According to antioxidant assay, Hawaiian Kona 

showed the highest antioxidant activities among SCG varieties. In antibacterial test, 

Ethiopian Yirgacheffe and Hawaiian Kona showed higher activities compared to Costa 

Rican Tarrazu. Besides antioxidant and antibacterial properties, multiple bioactive 

compounds were found in SCG related to skin care application such as anti-

inflammatory, anti-carcinogenesis, and anti-tyrosinase. These findings from SCG 

suggesting the promising opportunity of SCG as a raw materials that can be formulated to 

cosmetic products. Future plan for this project is conducting target analysis to quantify 

the bioactive compounds for structural study (NMR) to confirm our results.  

Since SCG has been considered as an abundant, and sustainable resources, and 

distributed freely throughout the world, identifying a new application of SCG for 

cosmetic industry not only benefit consumer and environment, it also help foster a new 

industry to stabilize the rural economy. It can be achieved by maximizing supply chain of 

coffee production from sustainability, and by generating economic values in both coffee 

production and consumption countries in global scale. Through utilizing the modern 

global metabolomics approach to identify bioactive compounds, this project demonstrate 

a novel approach to quickly identify the bioactive ingredients in the SCG.
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Appendix A.   

Table 3.1. Phenolic acids, flavonoids, and other bioactive compounds including coffee alkaloids, phenylpropanoids, stilbenoids, and anthraquinones 

extracted from three different coffee wastes (Ethiopian Yirgacheffe, Costa Rican Tarrazu, and Hawaiian Kona). Maximum intensity of peaks detected by 

XCMS online comparing the relative intensity between the three cultivars of SCG are shown. 

Compound name m/z RT Ethiopian 
Costa 

Rican 
Hawaiian Bioactivity 

E-Cinnamic acid 149.0604 

16.76 1,351,108 1,099,826 1,535,870 
Anti-tyrosinase, 

antioxidant, 

antimicrobial 

19.35 41,746 x 40,944 

19.61 34,294 x 34,294 

4.25 37,560 38,420 x 

3,5-Di-tert-butyl-4-

hydroxycinnamic acid, (E)- 
299.1617 21.59 346,552 329,470 334,008  

3,5-Di-tert-butyl-4-

hydroxycinnamic acid, (E)- 
299.1617 23.77  418,452 419,996  

3,4-Difluorohydrocinnamic acid 187.0569 0.74 927,880 927,880 x  

2-ISOPROPYL-3-

METHOXYCINNAMIC ACID 
221.1168 21.59 120,608 120,608 116,090  

Hydrocinnamic acid 151.0753 14.21 49,678 x 52,386 Flavoring agent 

3,5-Di-tert-butyl-4-

hydroxycinnamic acid, (E)- 
299.1617 33.5 20,938 20,790 23,652  

Hydrocinnamic acid 151.0755 23.79 40,730 42,226 42,226 Flavoring agent 

Hydrocinnamic acid, p-(3-(N-

ethylacetamido)-2,4,6-

triiodobenzamido)- 

749.8794 18.84 2,894 2,894 3,226  

4-(Trifluoromethyl)hydrocinnamic 

acid 
236.0895 2.63 36,746    
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2-ISOPROPYL-3-

METHOXYCINNAMIC ACID 
221.1168 20.38 36,354 36,386 36,354  

2-ISOPROPYL-3-

METHOXYCINNAMIC ACID 
221.1173 17.57 19,396 19,396 20,822  

3,5-Di-tert-butyl-4-

hydroxycinnamic acid, (E)- 
277.1786 22.45 34,334 34,334 33,802  

o-Methoxyhydrocinnamic acid 181.0848 6.03 29,768 34,924 27,494  

3,5-Di-tert-butyl-4-

hydroxycinnamic acid, (E)- 
277.1786 21.6 19,322 19,322 19,322  

3,5-Di-tert-butyl-4-

hydroxyhydocinnamic acid 
279.1944 16.73  28,956   

4-Methoxy-(2E)-cinnamic acid 179.0705 9.73 17,846  14,142  

Vanillic acid, 5-(4-carboxy-2-

methoxyphenoxy)- 
357.0585 3.47 68,432 14,468 20,036 

Antioxidant, 

anti-tyrosinase 

P-coumaroylquinic acid 339.106 1.94   8,388  

Coumaric acid 349.0898 4.92  42,442  
Anti-

pigmentation, 

antioxidant 

trans-p-Coumaric acid 4-glucoside 349.0898 4.92  42,442  

Anti-

pigmentation, 

antioxidant, 

antimicrobial 

1-Feruloyl-5-caffeoylquinic acid 531.1492 7.72 25,668 22,098   

1,4-Dicaffeoylquinic acid 539.1146 5.83 71,610 78,570   

1,4-Dicaffeoylquinic acid 539.1149 6.67 78,602 85,892 74,576  

1-Feruloyl-5-caffeoylquinic acid 553.1315 7.71 142,308 119,366   

1,4-Dicaffeoylquinic acid 517.1335 5.81  16,768   

1,3-Dicaffeoylquinic acid 539.1149 6.67 78,602 85,892 74,576  

1,5-Dicaffeoylquinic acid 539.1149 6.67 78,602 85,892 74,576  

3,5-Di-O-caffeoylquinic acid 539.1149 6.67 78,602 85,892 74,576 
Antioxidant, 

anti-tyrosinase 
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4,5-Di-O-caffeoylquinic acid 539.1149 6.67 78,602 85,892 74,576 
Antioxidant, 

antipigmentation 

1,4-Di-O-caffeoylquinic acid 539.1149 6.67 78,602 85,892 74,576  

1,4-Dicaffeoylquinic acid 539.1146 5.83 71,610 78,570 61,832  

Isochlorogenic acid A (3,5-

Dicaffeoylquinic acid) 
539.1146 5.83 71,610 78,570 61,832 

Antioxidant, 

anti-tyrosinase 

1,5-Dicaffeoylquinic acid 539.1146 5.83 71,610 78,570 61,832  

1,3-Dicaffeoylquinic acid 539.1146 5.83 71,610 78,570 61,832  

Isochlorogenic acid A 539.1149 6.67 78,602 85,892 74,576 
Antioxidant, 

anti-tyrosinase 

Isochlorogenic acid b (3,4-

Dicaffeoylquinic acid) 
539.1149 6.67 78,602 85,892 74,576  

Chlorogenic acid (5-Caffeoylquinic 

acid) 
355.1025 

1.51 x 85,878 x Anti-

inflammatory, 

antioxidant, 

anti-aging, anti-

skin cancer, 

antimicrobial 

1.82 x 245,560 200,058 

2.29 x x x 

3.07 x 134,046 94,340 

1-O-Caffeoylquinic acid 
355.1025 

 

2.29 x 245,560 x 

 
1.51 x x 200,058 

3.07 x 245,560 x 

1.82 x 134,046 94,340 

Apigenin 8-C-(6''-

acetylgalactoside) 
497.1064 6.69 20,560 x 20,746 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 8-C-(6''-

acetylgalactoside) 
497.108 5.83 27,832 24,098 22,526 

anti-

inflammatory, 

antioxidant, 
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anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 4'-[feruloyl-(->2)-

glucuronyl-(1->2)-glucuronide] 7-

glucuronide 

992.2384 22.72 2,538 2,208 3,108 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-[feruloyl-(->2)-

glucuronyl-(1->2)-glucuronide] 4'-

glucuronide 

992.2384 22.72 2,538 2,208 3,108 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-[feruloyl-(->2)-

[glucuronyl-(1->3)]-glucuronyl-(1-

>2)-glucuronide] 

992.2384 22.72 2,538 2,208 3,108 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-rutinoside-4'-trans-

caffeate 
779.1633 27.69 2,454 3,200 3,194 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-rhamnoside 439.0999 10.98 21,104 x 19,424 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 
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Apigenin 7-(2'',6''-di-p-

coumarylglucoside) 
763.1482 20.24 2,718 4,206 3,402 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(3'',6''-di-p-

coumarylglucoside) 
763.1482 20.24 2,718 4,206 3,402 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(4'',6''-di-p-

coumarylglucoside) 
763.1482 20.24 2,718 4,206 3,402 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(3'',6''-Di-E-p-

coumaroylgalactoside) 
763.1482 20.24 2,718 4,206 3,402 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(2'',3''-

diacetylglucoside) 
539.1149 6.67 78,602 85,892 74,576 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(3'',4''-

diacetylglucoside) 
539.1149 6.67 78,602 85,892 74,576 

anti-

inflammatory, 

antioxidant, 
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anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-O-(6-O-

malonylglucoside) 
558.0948 34.86 242,958 x x 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(2'',3''-

diacetylglucoside) 
539.1146 5.83 71,610 78,570 61,832 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(3'',4''-

diacetylglucoside) 
539.1146 5.83 71,610 78,570 61,832 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-neohesperidoside-4'-

sophoroside 
925.254 35.68 40,232 36,984 63,418 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Apigenin 7-(6'''-acetylallosyl-(1-

>2)glucoside) 
659.1566 32.85 75,804 27,948 55,172 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 
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Apigenin 7-(6''-acetylalloside)-4'-

alloside 
659.1566 32.85 75,804 27,948 55,172 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

8-C-beta-D-

Glucofuranosylapigenin 2''-O-

acetate 

497.108 5.83 27,832 24,098 22,526 

anti-

inflammatory, 

antioxidant, 

anticancer, 

UVinduced skin 

carcinogenesis 

Fujikinetin 7-O-glucoside 497.108 5.83 27,832 24,098 22,526  

Genistin 6''-O-acetate 497.108 5.83 27,832 24,098 22,526 
anti-

carcinogeninc 

Vitexin 2''-acetate 497.108 5.83 27,832 24,098 22,526 

Antioxidative, 

anti-

inflammatory 

Isovitexin 6''-O-acetyl 497.108 5.83 27,832 24,098 22,526  

Vitexin 3''-O-acetate 497.108 5.83 27,832 24,098 22,526 

Antioxidative, 

anti-

inflammatory 

Vitexin 6''-O-acetate 497.108 5.83 27,832 24,098 22,526 

Antioxidative, 

anti-

inflammatory 

Isovitexin 2''-O-(6'''-(E)-p-

coumaroyl)glucoside 
779.1633 27.69 2,454 3,200 3,194 

Antioxidant, 

anti-

inflammatory 

Vitexin 7-O-glucoside 2''-p-

coumarate 
779.1633 27.69 2,454 3,200 3,194 

Antioxidative, 

anti-

inflammatory 
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Isovitexin 7-O-(6'''-O-E-p-

coumaroyl)glucoside 
779.1633 27.69 2,454 3,200 3,194 

Antioxidant, 

anti-

inflammatory 

Daidzein 4'-O-glucoside 439.0999 10.98 21,104 x 19,424 

Anti-

inflammatory, 

anti-carcinogenic 

3',4'-Dihydroxyflavone 4'-glucoside 439.0999  21,104 x 19,424 

Anti-

inflammatory, 

anti-

carcinogenic, 

anti-

inflammatory 

Chrysin 8-C-beta-D-

glucopyranoside 
439.0999 10.98 21,104 x 19,424 

anti-

inflammation, 

anti-cancer, and 

anti-oxidation 

Chrysin 6-C-beta-D-

glucopyranoside 
439.0999 10.98 21,104 x 19,424 

anti-

inflammation, 

anti-cancer, and 

anti-oxidation 

Chrysin 7-galactoside 439.0999 10.98 21,104 x 19,424 

anti-

inflammation, 

anti-cancer, and 

anti-oxidation 

Chrysin-7beta-monoglucoside 439.0992 11 21,104 18,130 19,424 

anti-

inflammation, 

anti-cancer, and 

anti-oxidation 

Daidzein-4,7-diglucoside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

anti-carcinogenic 
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Vitexin-2''-rhamnoside 601.1539 15.2 5,336 4,514 4,628 

Antioxidative, 

anti-

inflammatory 

Vitexin rhamnoside 601.1539 15.2 5,336 4,514 4,628 

Antioxidative, 

anti-

inflammatory 

Puerarin 4'-O-glucoside 601.1539 15.2 5,336 4,514 4,628 

Antioxidant, 

anti-

inflammatory 

Daidzein 7,4'-di-O-glucoside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

anti-carcinogenic 

Genistein 7-O-rutinoside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

antioxidant and 

anticancer 

Genistein 4'-O-neohesperidoside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

antioxidant and 

anticancer 

Chrysin 7-gentiobioside 601.1539 15.2 5,336 4,514 4,628 

Skin protection, 

anti-

inflammation 

and anti-

oxidation 

Isovitexin 2''-O-rhamnoside 601.1539 15.2 5,336 4,514 4,628 

Antioxidant, 

anti-

inflammatory 

Coumestrol 3-O-glucoside 469.0529 29.75 2,420 2,684 2,380 
Anti-

inflammatory 

Chrysin 7-glucuronide 469.0529 29.75 2,420 2,684 2,380 

Skin protection, 

anti-

inflammation 
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and anti-

oxidation 

Daidzein 4'-O-glucuronide 469.0529 29.75 2,420 2,684 2,380 

Anti-

inflammatory, 

anti-carcinogenic 

Daidzein 7-O-glucuronide 469.0529 29.75 2,420 2,684 2,380 

Anti-

inflammatory, 

anti-carcinogenic 

7,8-DIHYDROXYFLAVONE 255.0655 20.28 8,512 6,930 7,272 

Anti-

inflammatory, 

antioxidant 

3,7-DIHYDROXYFLAVONE 255.0655 20.28 8,512 6,930 7,272 anticancer 

Eriodictyol (5,7,3′,4′-

tetrahydroxylflavanone) 
     

Anti-

inflammatory, 

Anticancer, 

antioxidant 

6-Methoxyeriodictyol 319.0811 3.78  30,916 28,356 Anti-tyrosinase 

Homoeriodictyolchalcone 2'-

glucoside 
465.1413 24.3 15,284  19,588  

Daidzein 255.0655 20.28 8,512 6,930 7,272 

Anti-

inflammatory, 

anti-carcinogenic 

Chrysin 255.0655 20.28 8,512 6,930 7,272 

Skin protection, 

anti-

inflammation 

and anti-

oxidation 

3,2'-Dihydroxyflavone 255.0655 20.28 8,512 6,930 7,272  

2',3'-Dihydroxyflavone 255.0655 20.28 8,512 6,930 7,272  

3,3'-DIHYDROXYFLAVONE 255.0655 20.28 8,512 6,930 7,272  

6,2'-Dihydroxyflavone 255.0655 20.28 8,512 6,930 7,272  
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Tectochrysin 291.0627 8.42 22,418 x x 
Antioxidant, 

anticancer 

Glycitin 464.1547 23.9 3,750 x x 

Anti-photoaging, 

Anti-

inflammatory, 

Anti-aging 

Retusin 7-O-glucoside 464.1547 23.9 3,750 x x  

8-Hydroxyluteolin 4'-methyl ether 

7-(6'''-acetylallosyl)(1->2)(6''-

acetylglucoside) 

763.1482 20.24 2,718 4,206 3,402  

Isorhamnetin 3-(4''',6'''-

diacetylglucosyl) (1->3)-

galactoside 

763.1482 20.24 2,718 4,206 3,402 

Anti-

inflammatory, 

Anticancer 

2',2'-BISEPIGALLOCATECHIN 

MONOGALLATE 
763.1482 20.24 2,718 4,206 3,402  

8-Hydroxyluteolin 4'-methyl ether 

7-(6'''-acetylallosyl)(1->2)(6''-

acetylglucoside) 

747.1806 
6.48 5,678 5,356 4,544  

Isorhamnetin 3-(4''',6'''-

diacetylglucosyl) (1->3)-

galactoside 

747.1806 
6.48 5,678 5,356 4,544 

Anti-

inflammatory, 

Anticancer 

Rhamnocitrin 3-(5'''-p-

coumarylapiosyl)-(1->2)-glucoside 
779.1633 27.69 2,454 3,200 3,194 

anti-

inflammatory 

Formononetin 7-O-glucoside-6''-

malonate 
539.1149 6.67 78,602 85,892 74,576 antioxidants 

Formononetin 7-(6''-

malonylglucoside) 
539.1149 6.67 78,602 85,892 74,576 antioxidants 

Formononetin 7-O-glucoside-6''-O-

malonate 
539.1149 6.67 78,602 85,892 74,576 antioxidants 

Formononetin 7-O-glucoside-6''-

malonate 
539.1149 6.67 78,602 85,892 74,576 antioxidants 

2'',6''-Di-O-Acetyl isovitexin 539.1149 6.67 78,602 85,892 74,576  
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Formononetin 7-O-glucoside-6''-

malonate 
539.1146 5.83 71,610 78,570 61,832 antioxidants 

2'',6''-Di-O-Acetyl isovitexin 539.1146 5.83 71,610 78,570 61,832  

Formononetin 7-O-glucoside-6''-O-

malonate 
539.1146 5.83 71,610 78,570 61,832 antioxidants 

Formononetin 7-(6''-

malonylglucoside) 
539.1146 5.83 71,610 78,570 61,832 antioxidants 

Fujikinetin 7-O-laminaribioside 659.1566 32.85 75,804 27,948 55,172  

Quercetin 3-sophoroside-7-

glucuronide 
820.2114 4.57 3,178 2,780 2,312 

Anti-bacterial, 

anti-oxidant, 

skin protection, 

anti-

melanogenesis 

Quercetin 3-gentiobioside-7-

glucuronide 
820.2114 4.57 3,178 2,780 2,312 

Anti-bacterial, 

anti-oxidant, 

skin protection, 

anti-

melanogenesis 

Quercetin 7-glucuronoside 3-

sophoroside 
820.2114 4.57 3,178 2,780 2,312 

Anti-bacterial, 

anti-oxidant, 

skin protection, 

anti-

melanogenesis 

Quercetin 3-(3'',6''-di-p-

coumarylglucoside) 
779.1633 27.69 2,454 3,200 3,194 

Anti-bacterial, 

anti-oxidant, 

skin protection, 

anti-

melanogenesis 

Quercetin 3-(4''-acetylrhamnoside)-

7-rhamnoside 
659.1566 32.85 75,804 27,948 55,172 

Anti-bacterial, 

anti-oxidant, 

skin protection, 

anti-

melanogenesis 
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Kaempferol 3-(4''-(Z)-p-

coumarylrobinobioside) 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(4''-(E)-p-

coumarylrobinobioside) 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-rhamnosyl-(1-

>6)(2''-p-coumarylglucoside) 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3- [ 6'''-p-

coumarylglucosyl- (1->2) -

rhamnoside ] 

779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(2G-(E)-p-

coumaroylrutinoside) 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 2G-

coumaroylrutinoside 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-[2''-(p-

coumaroylglucosyl)rhamnoside] 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-[4''-(p-

coumaroylglucosyl)rhamnoside] 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-[6'''-p-

coumarylglucosyl-(1->2)-

rhamnoside] 

779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(2''-galloyl-alpha-L-

arabinopyranoside) 
588.139 12.4 4,606 3,658 3,146 

Anti-

inflammatory 

,antioxidant 

6-Hydroxykaempferol 3,6-

diglucoside 7-glucuronide 
820.2114 4.57 3,178 2,780 2,312 

Anti-tyrosinase, 

anti-

inflammatory 
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Kaempferol 3-[2''',3''',5'''-triacetyl-

alpha-L-arabinofuranosyl-(1->6)-

glucoside 

707.1755 19.09 4,230 3,716 4,370 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(2''-(E)-p-coumaroyl-

alpha-L-arabinofuranoside)-7-

rhamnoside 

711.1949 7.54 4,010 4,650 4,184 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(2'',4''-di-(E)-p-

coumarylrhamnoside) 
763.1482 20.24 2,718 4,206 3,402 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(2'',4''-

diacetylrhamnoside) 
539.1149 6.67 78,602 85,892 74,576 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(2Gal-

glucosylrobinobioside)-7-

rhamnoside 

925.254 35.68 40,232 36,984 63,418 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-rhamnosyl-(1-

>2)[rhamnosyl-(1->6)-galactoside]-

7-glucoside 

925.254 35.68 40,232 36,984 63,418 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-galactosyl-(1->6)-

glucoside-7-rhamnosyl-(1->3)-

rhamnoside 

925.254 35.68 40,232 36,984 63,418 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-O-alpha-L-

rhamnopyranosyl(1->6)-beta-D-

glucopyranosyl(1->2)-beta-D-

glucopyranoside-7-O-alpha-L-

rhamnopyranoside 

925.254 35.68 40,232 36,984 63,418 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-glucosyl-(1->3)-

rhamnosyl-(1->2)-[rhamnosyl-(1-

>6)-galactoside] 

925.254 35.68 40,232 36,984 63,418 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(6''-

acetylgalactoside)-7-rhamnoside 
659.1566 32.85 75,804 27,948 55,172 

Anti-

inflammatory 

,antioxidant 
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Kaempferol 3-(6''-acetylglucoside)-

7-rhamnoside 
659.1566 32.85 75,804 27,948 55,172 

Anti-

inflammatory 

,antioxidant 

Rhamnazin 3-[6''-(3-hydroxy-3-

methylglutaryl)glucoside] 
659.1566 32.85 75,804 27,948 55,172 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(6''-

acetylgalactoside) 7-rhamnoside 
659.1566 32.85 75,804 27,948 55,172 

Anti-

inflammatory 

,antioxidant 

Rhamnazin 3-[6''-(3-hydroxy-3-

methylglutaryl)glucoside] 
659.1566 32.85 75,804 27,948 55,172  

Kaempferol 3-(2'',4''-

diacetylrhamnoside) 
539.1146 5.83 71,610 78,570 61,832 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-(3'',4''-

diacetylrhamnoside) 
539.1146 5.83 71,610 78,570 61,832 

Anti-

inflammatory 

,antioxidant 

Kaempferol 3-[glucosyl-(1->3)-

rhamnosyl-(1->2)-[rhamnosyl-(1-

>6)-galactoside]] 

925.254 35.68 40,232 36,984 63,428 

Anti-

inflammatory 

,antioxidant 

Cyanidin 3-O-(2''-O-galloyl-6''-O-

alpha-rhamnopyranosyl-beta-

galactopyranoside 

747.1806 
6.48 5,678 5,356 4,544 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 

Cyanidin 3-(2G-galloylrutinoside) 
747.1806 

6.48 5,678 5,356 4,544 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 
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Cyanidin 3-O-(2''-O-galloyl-6''-O-

alpha-rhamnopyranosyl-beta-

galactopyranoside 

764.203 15.53 4,478 5,480 4,478 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 

Cyanidin 3-(2G-galloylrutinoside) 764.203 15.53 4,478 5,480 4,478 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 

6-Glucopyranosylprocyanidin B2 779.1633 27.69 2,454 3,200 3,194 Antioxidant 

6-Glucopyranosylprocyanidin B1 779.1633 27.69 2,454 3,200 3,194 
Anti-

inflammatory 

8-Glucopyranosylprocyanidin B2 779.1633 27.69 2,454 3,200 3,194 Antioxidant 

8-Glucopyranosylprocyanidin B1 779.1633 27.69 2,454 3,200 3,194 
Anti-

inflammatory 

Procyanidin B3 7-glucoside 779.1633 27.69 2,454 3,200 3,194 antioxidant 

Cyanidin-3-(6'-malonylglucoside) 558.0948 34.86 242,958 x x 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 

Cyanidin 3-(3''-malonyl-glucoside) 558.0948 34.86 242,958 x x 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 
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Cyanidin 3-(4'''-acetylrutinoside) 659.1566 32.85 75,804 27,948 55,172 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 

Cyanidin-3-(2'-acetylrutinoside) 659.1566 32.85 75,804 27,948 55,172 

Antioxidant, 

Anti-

inflammatory, 

Anti-cancer, 

Skin protection, 

anti-aging 

Pelargonidin 3-rhamnoside 439.0999 10.98 21,104 x 19,424 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-robinobioside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-neohesperidoside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-rutinoside 601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-rhamnoside-5-

glucoside 
601.1539 15.2 5,336 4,514 4,628 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-[6-((Z)-p-

coumaroyl)glucoside]-5-glucoside 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-(6''-acetylglucoside) 497.1064 6.69 20,560 x 20,746 

Anti-

inflammatory, 

antioxidant 
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Pelargonidin 3-(6''-acetylglucoside) 497.108 5.83 27,832 24,098 22,526 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-O-β-D-glucoside 5-

O-(6-coumaroyl-β-D-glucoside) 
779.1633 27.69 2,454 3,200 3,194 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-(6''-

acetylglucoside)-5-glucoside 
659.1566 32.85 75,804 27,948 55,172 

Anti-

inflammatory, 

antioxidant 

Pelargonidin 3-glucoside-5-(6''-

acetylglucoside) 
659.1566 32.85 75,804 27,948 55,172 

Anti-

inflammatory, 

antioxidant 

Malvidin 3-O-(6-O-(4-O-malonyl-

alpha-rhamnopyranosyl)-beta-

glucopyranoside 

763.1482 20.24 2,718 4,206 3,402 

Anti-

inflammatory, 

antioxidant 

Malvidin 3-O-(6-O-(4-O-malonyl-

alpha-rhamnopyranosyl)-beta-

glucopyranoside 

747.1806 
6.48 5,678 5,356 4,544 

Anti-

inflammatory, 

antioxidant 

malvidin-3-O-glucoside-

acetaldehyde 
539.1149 6.67 78,602 85,892 74,576 

Anti-

inflammatory, 

antioxidant 

Malvidin 3-glucoside-4-

vinylguaiacol 
677.1273 14.37 3,758 3,148 3,960 

Anti-

inflammatory, 

antioxidant 

Malvidin 3-glucoside-4-

vinylguaiacol 
639.1679 31.59 2,922 3,126 3,246 

Anti-

inflammatory, 

antioxidant 

Malvidin 3-glucoside-4-

vinylguaiacol 
661.1548 29.01 3,202 3,348 3,202 

Anti-

inflammatory, 

antioxidant 

Dihydroisorhamnetin 319.081 9.7 62,062    
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Isorhamnetin 5-glucoside 499.1222 5.85 58,816   

Anti-

inflammatory, 

Anticancer 

Isorhamnetin 3-(4''-

sulfatorutinoside) 
705.1318 33.64 356,714 34,344 685,630 

Anti-

inflammatory, 

Anticancer 

Isorhamnetin 3-(3'''-

ferulylrobinobioside) 
839.1756 36.5 1,629,892 199,560  

Anti-

inflammatory, 

Anticancer 

Isorhamnetin 3-glucosyl-(1->2)-

galactoside-7-glucoside 
841.1747 36.49 1,093,388   

Anti-

inflammatory, 

Anticancer 

Isorhamnetin 3-(6''-(E)-

sinapoylsophoroside) 
864.2498 36.48 254,224   

Anti-

inflammatory, 

Anticancer 

Isorhamnetin 3-rhamnosyl-(1->2)-

gentiobiosyl-(1->6)-glucoside 
949.2854 36.65 372,300  397,468 

Anti-

inflammatory, 

Anticancer 

Hesperetin       

8-Hydroxyhesperetin 319.081 9.7 62,062 x x antioxidant 

Hesperetin 5-O-glucoside 465.1395 24.23 15,284  19,588 

Photo protective, 

Anti-

inflammatory, 

antioxidant 

Hesperetin 5,7-laurate 667.4204 36.05 192,366 237,416 257,946 

Antioxidant; 

Emollient; Skin-

Conditioning 

Agent - 

Miscellaneous 

Naringenin 273.0741 3.7 19,376  15,444 

Photo protective, 

Anti-

inflammatory, 
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anti-oxidant and 

anti-tumor 

3'-Geranylchalconaringenin 409.2032 28.44   35,230  

Chalconaringenin 2',4'-di-O-

glucoside 
619.1579 2.63  30,088   

Naringenin 295.0583 5.12 11,234   

Photo protective, 

Anti-

inflammatory, 

anti-oxidant and 

anti-tumor 

Naringenin-7-O-Glucoside 457.1098 7.95 45,070   

Photo protective, 

Anti-

inflammatory, 

anti-oxidant and 

anti-tumor 

Naringenin 7-(2-p-

Coumaroylglucoside) 
619.1167 33.84 354,694   

Photo protective, 

Anti-

inflammatory, 

anti-oxidant and 

anti-tumor 

Chalconaringenin 2'-O-glucoside 

4'-O-gentobioside 
797.1941 36.2 59,314    

Daidzein       

Dihydrodaidzein diacetate 379.058 4.19 23,852    

Daidzein 4'-O-glucoside 439.0994 8.27 21,104   

Anti-

inflammatory, 

anti-

carcinogenic, 

anti-

inflammatory 

Daidzein 6''-O-acetate 459.1266 24.31   27,846 
Anti-

inflammatory, 
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anti-

carcinogenic, 

anti-

inflammatory 

Daidzein 7,4'-di-O-glucoside 579.1673 5.76   12,738 

Anti-

inflammatory, 

anti-

carcinogenic, 

anti-

inflammatory 

Genistein 7,4'-bis(O-

glucosylapioside) 
859.2501 36.63  64,594  

Anti-

inflammatory, 

antioxidant and 

anticancer 

6,8-Diprenylgenistein 407.1835 24.31   141,212  

Genistin 433.1105 5.57   59,032 

Prevent UV-

induced skin 

damage 

Genistein 7-O-rutinoside 579.1673 5.76   12,738 

Prevent UV-

induced skin 

damage 

Taxifolin       

6-Methoxytaxifolin 357.0585 3.47 68,432  20,036  

6-Methoxytaxifolin 357.0583 4.7  14,468   

Naringin 4'-glucoside 743.2366 4.19 3,344   

Skin photo 

protection, 

antioxidant, anti-

carcinogenic 

Chrysin       

Chrysin-7beta-monoglucoside 439.0994 8.27 21,104 18,130  

Skin protection, 

anti-

inflammation 
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and anti-

oxidation 

2-ETHOXYCARBONYL-2-

ETHOXYOXALOYLOXYDIHYD

ROCHRYSIN DIMETHYL 

ETHER 

495.1057 9.02 4,408    

Strychochrysine 601.3394 12.22 28,694    

Helichrysin 449.1474 2.63   30,618  

Chrysin 7-(4''-acetylglucoside) 459.1266 24.31   27,846 

Skin protection, 

anti-

inflammation 

and anti-

oxidation 

Chrysin 7-gentiobioside 579.1673 5.76   12,738 

Skin protection, 

anti-

inflammation 

and anti-

oxidation 

Epigallocatechin 3-O-vanillate 457.1109 5.92  39,556 31,318  

8-C-Ascorbylepigallocatechin 3-

gallate 
633.1122 35.86 799,104 246,502 691,586  

Epigallocatechin-(4beta->8)-

epicatechin-3-O-gallate ester 
747.1512 34.53 34.53 27,012 257,604  

Epigallocatechin-(4beta->8)-

epicatechin-3-O-gallate ester 
764.1797 33.57 74,912 20,244   

Epigallocatechin 3-O-gallate-

(4beta->6)-epicatechin 3-O-gallate 
921.1464 33.77  74,102   

2',2'-BISEPIGALLOCATECHIN 

DIGALLATE 
932.185 36.66  74,360   

Epigallocatechin-(4beta->8)-

epicatechin-3-O-gallate ester 
764.18 34.03 400,350    
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Caffeine (alkaloid) 
195.088

2 
2.63 36,703,416 38,792,408 1,861,824 

Antioxidant, 

Anti-skin cancer, 

antimicrobial, 

emollient 

Isocaffeine 
195.088

2 
2.63 36,703,416 38,792,408 1,861,824  

Eugenol (phenylpropanoid) 
179.105

7 
14.22 329,800 238,938 343,726 

Anti-microbial, 

anti-

inflammatory, 

analgesic, 

antioxidant and 

anticancer 

Resveratrol (stilbenoid) 

229.086

2 
7.71 x x 106,592 

Anti-

inflammatory, 

antioxidant, anti-

aging, photo 

protection 
251.068

1 
36.7 x 6,864 10,756 

Guaiacol benzoate 
229.086

2 
7.71 x x 106,592 Anti-microbial 

Epigallocatechin-(4beta->8)-

epicatechin-3-O-gallate ester 
764.1809 36.2 323,184    

Epigallocatechin 3-O-gallate-

(4beta->6)-epicatechin 3-O-gallate 
921.1564 35.45 65,912    

Epigallocatechin 3-O-gallate-

(4beta->6)-epicatechin 3-O-gallate 
921.1551 36.23 49,962    

Theaflavin       

Theaflavin monogallate A 717.1419 3.7 13,048   Antioxidant 

THEAFLAVIN DIGALLATE 891.1442 34.98 50,776   antioxidant 
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Chrysophanol (anthraquinone)      

Anti-cancer, 

anti-

inflammatory 

antimicrobial 

Chrysophanol 1-tetraglucoside 925.254 35.68 40,232 36,984 63,428 

Anticancer, anti-

inflammatory, 

anti-microbial 

Soranjidiol 
255.065

5 
20.28 8,512 6,930 7,272 Anti-cancer 

Physcion 8-glucoside 
464.154

7 
23.90 3,750 x x 

Antibacterial, 

anti-

inflammatory, 

anti-skin cancer 
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Appendix B. 

Whitening activities of the spent coffee grounds 

1. Introduction 

In addition to antioxidant and anti-microbial activity, skin whitening effect is emerging as 

a major interest in cosmetic market. The pigmentation (melanogenesis) on the skin causes 

multiple issues including lentigo, and freckles. Melanin is produced by oxidation reaction 

of tyrosine by tyrosinase, oxidase controlling the melanin production (Saghaie et al., 

2013). Multiple natural whitening chemicals extracted from plants such as arbutin, 

bisaborol, ricorice has been used in real product by inhibiting tyrosinase (Khaiat and 

Saliou, 2015). Besides, tyrosinase inhibition, there are other methods in blocking skin-

pigmentation process. For example, vitamin C derivatives such as ascorbyl glucoside, and 

ascorbyl tetraisopalmitate act as antioxidant inhibiting oxidation of tyrosine.    
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AppendixB1. Mode of action of anti-pigmentation 
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AppendixB.2. Melanin synthesis pathway 
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2. Objectives 

In Appendix B, the tyrosinase inhibition assay was conducted to evaluate skin whitening 

effect of SCG extracts from three cultivars. 

 

3. Materials and Methods 

Tyrosinase inhibition activities (skin-whitening property) 

Tyrosinase inhibition activity will be determined as described by (Momtaz et al., 2008) 

with tyrosine as substrates. Samples were dissolved in dimethyl sulfoxide (DMSO) to a 

concentration of 20 mg/ml, and further diluted in potassium phosphate buffer (50 mM, pH 

6.5) to 600 μg/ml. Assays were carried out in a Falcon 96 flat bottom clear plate and 

SYNERGY HT microplate reader (BIO-TEK) was used. All the steps in the assay were 

conducted at room temperature. In triplicate, each prepared sample (70 μl) was mixed with 

30 μl of tyrosinase (333 Units/ml in phosphate buffer, pH 6.5). After 5 min incubation, 110 

μl of substrate (2 mM L -tyrosine) was added to the reaction mixtures and incubated further 

for 30 min. Arbutin (0-1100 µg/ml) was used as a positive control while a blank test was 

used as each sample that had all the components except L-tyrosine. Results were compared 

with a control consisting of DMSO instead of the test sample. Absorbance values of the 

wells were then determined at 492 nm. The percentage tyrosinase inhibition was calculated 

as follows: 

%inhibition=[(Acontrol–Asample)/Acontrol]x100 where A control is the absorbance of 

DMSO and A sample is the absorbance of the test reaction mixture containing extract or 

arbutin.  
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4. Results and discussion 

All SCG extracts including three cultivars had neglectable effect on tyrosinase inhibition 

test. However, SCG had neglectable. From previous studies, several compounds that can 

be found in SCG such as E-cinnamic acid, vanillic acid, 3,5-Di-O-caffeoylquinic acid are 

reported as anti-tyrosinase agents (Kong et al., 2008) (Chou et al., 2010) (Iwai et al., 

2004). However, from out study, SCG extracts from Ethiopian Yirgacheffe, Costa Rian 

Tarrazu and Hawaiian Kona did not show any anti-tyrosinase activities. Our findings are 

not consistent with other studies which have reported that SCG and coffee bean can act as 

a skin-whitening agents related to anti-tyrosinase properties (Kanlayavattanakul and 

Lourith, 2013) (Kiattisin et al., 2016). In latter study they conducted anti-tyrosinase and 

anti-oxidant assay using coffee bean including green and roasted. Even though they 

found ethanolic extracts of green coffee bean which has the highest antioxidant activities 

showed that highest anti-tyrosinase activity (44.27 inhibition %), all the ethanolic extracts 

including green bean and roasted bean presented a lower anti-tyrosinase activity than 

kojic acid and arbutin. From this result, they concluded that antioxidant compounds 

might promote the tyrosinase inhibition activity due to their antioxidative synergistic 

(Chang, 2009). Our result indicates that anti-tyrosinase effect is not a major mode of 

action in SCG. Therefore, the skin-whitening effect of coffee extracts and SCG may more 

related to mode of action in anti-pigmentation as antioxidant agents. 
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Appendix B3. Calibration curve of the positive control (arbutin). Each dot in X axis represents around 0, 

1.1, 11, 110, 1100 µg/ml concentration of arbutin (STD; n = 5).  
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