
Comprehensive non-targeted chemical fingerprinting  
of coffee silverskin extracts with MRMS

Coffee silverskin is a major coffee bean roasting by-product, which is currently 
underutilized and mainly discarded as industrial waste. However, silverskin is a rich 
source of polyphenols and other bioactive ingredients, and thus a potential feed-
stock for pharmaceutical, cosmetics and food sectors.
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Abstract

Coffee silverskin, a by-product 
of the coffee roasting process, 
contains a plethora of bioactive 
compounds, such as caffeine, 
lipids, chlorogenic acids, and 

melanoidins, which possess a 
considerable potential in several 
industrial applications. In this 
study, a comprehensive non- 
targeted chemical fingerprinting 
of solvent extracts of pelletized 
coffee silverskin residue was 

performed by using ultrahigh- 
resolution MRMS technology, 
giving access to the hundreds of 
chemical constituents, including  
organic acids, polyphenols, 
sugars, and nitrogen-containing 
heterocycles.



Introduction

Coffee and other caffeinated drinks 
are the most consumed beverages in 
the world. The highest consumption 
per capita occurs in Finland, where 
about 10 kg of roasted coffee beans 
are consumed per person a year. 
Coffee is enjoyed mainly due to its 
taste, habit and its stimulating effect, 
caused mainly by caffeine, while 
it contains no essential nutrients.  
Moderate coffee consumption 
has also been associated with the 
reduced risk of neurodegenerative 
diseases, like Parkinson’s disease, 
type II diabetes, and some types 
of cancer [1]. Coffee silverskin (CS) 
is the thin outermost layer of the 
coffee bean and the only by-product 
obtained from the coffee roasting  
process. Over 10 million tons of 
coffee is roasted globally every  
year [2], leading to the estimated CS 
production of about 200,000 tons. 

Despite the huge availability of this 
feedstock, its current utilization is 
very limited, and it is mostly used as 
a solid fuel or soil fertilizer. However, 
CS is a rich source of polyphenols, 
lipids, and other bioactive com-
pounds, and thus its revalorization has 
gained more attention recently [3,4]. 
The most interesting compounds 
include chlorogenic acids (CGAs) and 
melanoidins, which could find use 
in pharmaceutical, cosmetics, food, 
and techno-chemical sectors [5-7].  
Compounds from CS can be  
recovered by various methods such 
as hot water or solvent extraction. 
Due to the chemical complexity of CS 
extracts, rapid and sensitive analysis 
methods for their characterization are 
desired. In this work, we employed 
ultrahigh-resolution Magnetic Reso-
nance Mass Spectrometry (MRMS) 
technology for comprehensive, 
non-targeted chemical fingerprinting 
of the solvent extracts of CS.

Materials and Methods

Solvent extraction

The coffee silverskin pellets, kindly 
provided by Meira roastery (Helsinki,  
Finland), were subjected to  
continuous Soxhlet extraction. The 
solvents used were chloroform, 
dichloromethane, hexane, toluene, 
acetone, acetonitrile, methanol,  
ethanol, and water (HPLC grade). 
Both, non-polar and polar solvents 
were used to assess their ability to 
extract different types of compounds 
from the silverskin pellets. Prior to 
the  mass spectrometric analysis, the 
obtained extracts were further diluted  
with methanol (for negative-ion ESI) 
or a methanol/toluene mix (10:1, v/v) 
(for positive-ion APPI), to the approxi-
mate concentration of 50 - 100 µg/mL. 

Figure 1: Selected APPI spectra in positive ion mode of coffee silverskin extracts using different extraction solvents.
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MS analysis

All mass spectrometric analyses 
were performed on a solarix 12T XR 
MRMS instrument (Bruker Daltonik 
GmbH, Bremen, Germany), equipped 
with a dynamically harmonized ICR 
cell (ParaCell). All samples were 
directly infused to an Apollo-II ESI and 
APPI ion source by using a syringe 
pump (flow rate of 6.7 µL/min for 
APPI and 2 µL/min for ESI). The ions 
were detected at the m/z range of  
92 - 2000 with a mass resolving 
power of ~530,000 at m/z 300  
(transient length 1.05 s). Two hundred  
single scans were co-added for each 
mass spectrum and processed in 
magnitude mode. The instrument 
was externally calibrated by sodium 
trifluoroacetate (NaTFA) clusters. 
Furthermore, internal mass recali- 
bration was accomplished with a  
custom-made calibration list,  
containing known analytes from  
different compound classes. For  
the elemental formula search  
(SmartFormula), the following  
parameters were used: mass error 
≤ 0.8 ppm; relative intensity ≥ 0.1%; 

signal-to-noise (S/N) ratio ≥ 5.0; 
H/C ratio ≤ 3; DBE ≤ 80; elemental  
formula 1H1–200

12C1–100
16O1–25

14N1–5
32S1–2.

Data processing and structural 
annotations

The mass spectra were processed 
using DataAnalysis 5.0 (Bruker  
Daltonik GmbH, Bremen, Germany). 
Further analysis and structural anno-
tations were accomplished by using 
MetaboScape 5.0 (Bruker Daltonik 
GmbH, Bremen, Germany) with 
CompoundCrawler database search 
engine.

MS analysis

Ultrahigh-resolution MRMS repre- 
sents an unparalleled analysis tool 
for non-targeted chemical finger-
printing of natural extracts and other 
complex mixtures, giving access 
to hundreds or even thousands of  
analytes in a single measurement. 
When combined with different  
ionization techniques such as electro-
spray ionization (ESI) or atmospheric 
pressure photoionization (APPI), both 

polar and non-polar analytes can be 
detected. 

Based on the data, all CS extracts 
were highly complex with up to 
~4600 and ~2200 spectral features  
detected with ESI negative ion mode 
and APPI positive ion mode, respec-
tively. Figure 1 shows selected APPI 
spectra for three different solvents. 
The most abundant compounds 
detected with APPI in positive ion 
mode included different acids,  
di- and triterpenoids, sterols, phenolic  
acids, and nitrogen heterocycles 
(Figure 2). The most abundant  
compound detected with APPI was 
caffeine (C8H10N4O2), which was 
present in both non-polar and polar  

Figure 2: A table showing the most abundant compounds detected in the coffee silverskin extracts with APPI in positive ion mode and their relative abundance 
variation across different samples (different extraction solvents).
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Figure 3: Example of nitrogen-containing alkaloids  
found in coffee silverskin extracts: caffeine (left), 
trigonelline (right).



solvents. The other nitrogen-containing  
heterocycles were 6-methoxyquino- 
line, liberine, theophylline and 
trigonelline, all naturally occurring 
alkaloids in coffee beans (Figure 3).  
The other abundant compounds 

included cafestol, kahweol, and 
their dehydro-forms, which are diter-
penoids that have been associated 
with a variety of pharmacological  
effects of coffee. This confirms 
that CS is a rich source of valuable  

bioactive compounds. Since APPI 
does not efficiently ionize some of 
the more polar, aliphatic or alicyclic 
compounds, complementary data 
were acquired from the extracts by 
using ESI in negative ion mode. The 

Figure 4: A table showing the most abundant compounds detected in the coffee silverskin extracts with ESI in negative ion mode and their relative abundance 
variation across different samples (different extraction solvents).

Figure 5: PCA analysis (scores plot) of the coffee silverskin extracts based on ESI data in negative ion mode. Non-polar and polar solvents are clearly separated 
in the scores plot while water stands out of the two groups.
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most abundant compounds detected 
with ESI included different acids, 
carbohydrates, and their derivatives 
(Figure 4). Among fatty acids, linoleic 
(C18:2), palmitic (C16:0), oleic (C18:1), 
and arachidic (C20:0) acids were 
detected. A plethora of chlorogenic 
acids (i.e. quinic and caffeic acids 
and their esters) were also observed. 
Carbohydrates (e.g. galactose and 
arabinose) were more enriched in the 
polar solvents.

To assess the overall impact of  
different solvents on the chemical  
composition of extracts, two- 
dimensional principal component 
analysis (PCA) of the ESI data was 
performed in MetaboScape. Figure 5 
depicts the PCA scores plot, showing  
that non-polar as well as polar  
solvents are grouped and clearly  

separated from each other, while 
water stands out of the two solvent 
types, mainly due to higher content  
of nitrogen-containing analytes. 
Therefore, by choosing an appropriate  
solvent, specific types of compounds 
can be recovered from coffee silver-
skin for possible further applications.
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Conclusion

•	 Ultrahigh-resolution MRMS represents a powerful tool for non-
targeted chemical fingerprinting of complex mixtures, exemplified 
here for coffee silverskin extracts. Very simple sample preparation 
protocols, unparalleled data acquisition speed, and confident 
assignment of chemical formulae for hundreds or even thousands of 
analytes in a single mass spectrum are the key analytical benefits of 
this technology.
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