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Differentiation of coffee varieties according to their sterolic profile

HELENA CiZKOVA - VERONIKA SOUKUPOVA - MICHAL VOLDRICH - RUDOLF SEVCIK

Summary

The aim of the presented work was to differentiate between two important coffee varieties — arabica and robusta by
means of chemical analyses of sterolic fraction of 13 model and 14 commercial roasted coffee samples. After the extrac-
tion of the coffee oil, the lipids have been saponified and sterols converted into trimethyl silyl derivatives and analysed
by gas chromatography with mass spectrometric detection. For the evaluation of authenticity of coffee samples several
statistical approaches, such as multilinear regression, principal component analyses and cluster analysis were used.
AS-avenasterol was found to be the chemical descriptor with the highest contribution to the model and the following
correlation equation was achieved: percentage of arabica in coffee = 117 - 11.1 x percentage of AS-avenasterol in total
sterols, with a high correlation coefficient (R? = 0.98) and precision (RSD = 7.9 %). The method was applied to the

determination of the arabica/robusta composition of commercial roasted coffee samples.
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There are two main species of the coffee plant,
Coffea arabica being the older one. While more
susceptible to disease, its flavour is considered
to be better than that of the other variety, Cof-
fea canephora (robusta). Robusta, which contains
about 40-50% more caffeine, can be cultivated in
environments where arabica will not thrive. This
has led to its use as an inexpensive substitute for
arabica in many commercial coffee blends. Com-
pared to arabica, the robusta variety tends to be
bitter and has little flavour, with a telltale “burnt
rubber” or “wet cardboard” aroma and flavour.
Good quality robusta species are used in some es-
presso blends to provide a better “cream” and
to lower the ingredient cost. The large industrial
roasters use a steam treatment process to remove
undesirable flavours from robusta beans for use in
the mass-marketed coffee blends [1].

Commonly, green coffee beans of the arabica
and robusta varieties can be distinguished by their
size and shape but the roasting process and mill-
ing eliminate these macroscopic criteria. This
raises the possibility of fraudulence or mislabel-
ling and chemical analysis is required to differ-
entiate between these two varieties. Legislation

of the Czech Republic does not regulate content
and composition of coffee varieties on the label;
however, in case the producer indicates the con-
tent and composition, this fact has to be fulfilled
(Law No 110/1997 Food law — Law No 274/2003 as
amended; Law No 634/1992 Consumer protection
—law No 227/2003 as amended).

The approaches to the evaluation of the variety
composition of coffee blends are summarized in
Table 1. The majority of the studies are based on
the chromatographic determination of the unsa-
ponifiable lipid fraction.

The lipid contents and lipid composition of
roasted coffee beans vary with the variety, matu-
ration and drying procedure. C. arabica contains
more lipids (15.5%) than C. robusta (9.8%), but
the lipid profiles are similar. Triglycerides and di-
terpene alcohol esters are the major lipid classes
in coffee brewed from the ground coffee beans,
and ranged from 86.6 to 92.9% and 6.5 to 12.5%
of total lipids, respectively. The main difference
between the varieties can be found in sterolic frac-
tion; both arabica and robusta contains 0.1% of
sterols esters and 1.5 and 1.3% of sterols, respec-
tively, however the sterol composition is different
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Tab. 1. The approaches to the evaluation of the variety composition of coffee blends.

Analytical Significant parameters Prediction error .

T ) - . Chemometrics References
determination for differentiation (expressed as in reference)

Sterolic profile A5-avenasterol prediction error: 1.1% MLR, PCR, PCA | VALDENEBRO et al. [2]

Unsaponifiable diterpenic alcohols profile

limit of detection PCA

FREGA et al. [3]

lipid fraction (robusta in arabica) 5-10%

Diterpenic alcohols | kahweol, cafestol, 16-O-methyl- none LERCKER et al. [4]
and sterols cafestol, A5-avenasterol

Sterolic profile AS5-avenasterol, sitostanol Cooman’s weights: PCA CARRERA et al. [5]

avenasterol - 6.62;
sitostanol - 2.97

Tocopherols B-tocopherol and y-tocopherol PCA and LDA GONzALES et al. [6]

and triglycerides

Fatty acids fatty acids profile Arabica/robusta PCA and LDA MARTIN et al. [7]
recognition ability: 100%

Aroma volatile compounds profile CA and PCA FReITAS et al. [8]

Metal content P, Mn and Cu prediction error: 7% PCA MARTIN et al. [9]

Trace heavy metals | Mn and Zn none MERLETTA et al. [10]

MLR - multiple linear regression, PCR - principal component regression, PCA - principal component analyses, LDA - linear dis-

criminant analysis, CA - cluster analyses.

[11]. The stability of the sterols within the produc-
tion of the ground brewed coffee was proved by
Juam [12], who investigated the effects of coffee
type and drying procedures on the lipid classes and
triacylglycerols in the coffee samples from Brazil.
For six different treatments, the significant result
was found for the composition of triacylglycerols
and diacylglycerolss but not for sterols, terpene es-
ters, monoacylglycerols and free fatty acids. Due
to the facts mentioned above, the study of sterolic
fraction of the lipids present in coffee oil seems to
be the most promising approach.

The aim of the presented work was to differ-
entiate between two important coffee varieties -
arabica and robusta by means of chemical analyses
of sterolic fraction of 27 roasted coffee samples.
After the extraction of the coffee oil, the lipids
have been saponified and sterols converted into
trimethylsilyl derivatives and analysed by gas chro-
matography with mass spectrometric detection
(GC/MS).

MATERIALS AND METHODS

Samples

The set of 13 coffee samples of known geo-
graphic origin was selected for the analyses. Six
samples belonged to the arabica variety, four were
of the robusta variety, and three samples were dif-
ferent arabica-robusta mixtures (25% arabica +
75% robusta, 50% arabica + 50% robusta, 75% ar-
abica + 25% robusta) prepared in the laboratory.

Fourteen samples of commercial roasted coffee
were purchased from the market.

All coffee samples were ground and powdered
and than stored in polyethylene flasks.

Analytical procedure

About 7 g of the coffee sample was extracted
with hexane in a Soxhlet apparatus for 4 h. The
extract was dried over anhydrous sodium sulfate,
evaporated using a vacuum rotary evaporator and
dried at 105 °C.

Saponification of lipids and derivatization
were performed according to the modified AOAC
method. The obtained oil was treated with 40 ml
ethanol and 8 ml 50% potassium hydroxide, re-
fluxed for 70 min, then 60 ml of ethanol was added
and the mixture refluxed for additional 15 min.
Sterolic fraction was extracted with benzene,
washed three times with water, dried over anhy-
drous sodium sulfate and evaporated to dryness.
Next trimethylsilyl derivatives were prepared: the
residue was dissolved in 0.8 ml of pyridine, trans-
ferred into cuvette, where 0.2 ml trimethylchlosi-
lan (TMCS) was added, the cuvette closed, shaked
vigorously for 30 s, let stay for 15 min and centrifu-
gated. A 1 ul aliquot of this solution was injected
into the gas chromatograph; the content of indi-
vidual sterols was expressed as the percentage of
the sterolic fraction obtained.

GC conditions: GC/MS (Hewlett Packard
5890 Series II GC with MS, Agilent Technolo-
gies, Santa Clara, USA), operating conditions:
column CP Sil 8§ CB/MS (Varian, Palo Alto, USA)
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30m x 0.25 mm x 0.25 wm, carrier gas: helium,
constant flow rate 0.5 ml.min"!, temperature pro-
gram: isothermal 265 °C, injector: 280 °C, split 1:1,
detector: 300 °C.

RESULTS AND DISCUSSION

The majority of the recent works that dealt with
the evaluation of the arabica/robusta composition
of roasted coffee are based on the determination
of the composition of unsaponifiable lipid compo-
nents after the saponification, their isolation and
determination by GC.

Fig. 1 shows the characteristic chromatogram of
the sterolic fraction of coffee oil. Six main sterols
were identified in the coffee samples (Tab. 2).
The obtained results confirmed a relatively stable
composition of coffee oil from arabica variety that
consists in average of 14.1%, 21.2%, 52.2%, 1.7%
and 9.5% of campesterol, stigmasterol, sitosterol,
AS-avenasterol and stigmastenol, respectively, and
the coffee oil from robusta variety that consists in
average of 14.8%, 19.3%, 42.2%, 9.5% and 8.9%
of campesterol, stigmasterol, sitosterol, AS-avena-
sterol and stigmastenol, respectively. The results
correspond with the previous findings for coffee
sterols as summarised by CARRERA et al. [5], with
sitosterol, campesterol and stigmasterol being the
main components. As can be seen, the difference
in the sterolic profile in authentic samples mani-
fests itself mainly in the case of AS-avenasterol,
which is in average five times more abundant in
the robusta variety.
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Differences between arabica/robusta varieties

Several statistical approaches (multilinear re-
gression, principal component analyses and cluster
analyses) were used for the evaluation of authen-
ticity of coffee samples.

The principal component analysis was applied
to the data matrix. Fig. 2 shows the plot of the
loadings obtained for the two first principal com-
ponents (PC) of the roasted arabica and robusta
authentic coffees used. Two principal components
account for the 74% of the total variance. The
variables Ad-avenasterol, campesterol and sitoste-
rol are the descriptors with the highest contribu-
tion to the PC1. The scores of the authentic sam-
ples are in Fig. 3. The grouping is not very clear,
but it can be observed that all arabica samples are
on the left (negative) side of the PC1, while the ro-
busta samples appear on the right (positive) side.
This result is in a good agreement with the fact that
the PCI1 differentiates arabica and robusta samples
according to the concentration of sitosterol (high
for arabica, low for robusta), 5-avenasterol and
campesterol (low for arabica, high for robusta).

Similar results, only in the reverse order, were
obtained from the analyses of the entire data set,
i.e. of the commercial roasted coffee samples,
model coffee blends and authentic coffee samples.
Two principal components account for the 65% of
the total variance. Variables A3-avenasterol and si-
tosterol are the descriptors with the highest con-
tribution to the PC1. The scores of the authentic
samples are depicted in Fig. 4. When considering
the sterolic profile, differences between coffees
become apparent. It can be seen that all robusta
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Fig. 1. Overlaid chromatograms of the sterolic fraction of the roasted coffee samples: a) 100% arabica, b) 100%

robusta.

Peak assignment: 1 - campesterol, 2 - stigmasterol, 3 - beta-sitosterol, 4 - AS-avenasterol, 5 — stigmastenol.
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Tab. 2. Composition of sterolic fraction [%] of commercial roasted coffee samples (1X-14X),
model coffee blends (22A25, 23A50, 24A75) and authentic coffee samples (A, R).

Sample campesterol | stigmasterol sitosterol AS5-avenasterol | stigmastenol
1X 14.4 20.5 43.3 8.7 10.5
2X 14.9 20.3 44.0 8.3 9.9
3X 13.9 20.3 43.1 10.0 10.1
4X 12.9 17.4 41.4 8.7 6.9
5X 17.0 21.0 50.0 2.0 10.0
6X 14.5 21.6 421 12.2 9.5
7X 12.7 21.4 52.9 3.7 9.2
8X 14.7 22.3 48.2 7.1 7.8
9X 12.7 20.5 47.3 10.0 9.6
10X 14.6 21.2 53.3 1.4 9.7
11X 14.3 22.2 52.3 2.0 94
12X 14.2 21.2 50.5 4.9 9.3
13X 14.0 21.5 50.2 4.1 10.5
14X 14.0 19.8 541 3.1 9.2
15A 141 20.2 49.6 2.2 10.9
16A 13.5 21.0 49.7 2.5 10.3
17A 14.0 22.4 49.5 1.5 9.6
18R 141 20.6 35.0 9.6 7.7
19R 13.6 19.4 37.8 10.1 9.4

20R 15.5 18.5 48.3 9.0 9.0
21R 16.0 18.5 47.7 9.4 9.5

22A25 14.6 194 48.3 8.3 9.6

23A50 14.6 22.2 50.2 5.6 7.3

24A75 14.9 20.9 51.0 4.7 9.2

25A 14.8 22.0 53.8 1.3 8.7
26A 13.9 21.4 54.4 1.2 9.0
27A 145 20.4 55.9 1.2 8.2
Average composition of authentic samples
arabica 14.1 21.2 52.2 1.7 9.5
robusta 14.8 19.3 42.2 9.5 8.9
Standard deviation
arabica 0.5 0.9 29 0.6 1.0
robusta 1.1 1.0 6.8 0.5 0.8

samples are situated at left side of the plot being
well separated from the arabica coffees, which are
on the right (PC1 > 1), although the mixtures of
both model and real arabica/robusta blends are not
clearly differentiated by their arabica content.

The cluster analysis of all samples (commer-
cial roasted coffee samples, model coffee blends
and authentic coffee samples) based on the con-
centrations of the measured sterolic profile was
performed (Fig. 5). The samples could be simply

divided into three groups according to their re-
spective arabica content:

— samples with the high content of arabica,

— mixtures of arabica and robusta varieties, and

— samples with the majority of robusta.

However, the discriminating ability inside the
main clusters is insufficient and several outliers
(6X, 8X) were be found.

The results obtained from the analyses of au-
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Fig. 4. Plot for the PCA loadings

for the set of all samples.
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thentic samples were used to set up a multiple re-
gression equation. All variables were included into
the model in order to estimate the arabica content
in real samples of coffee. The regression equa-
tion can thus be written as: arabica content [%] =
= 21 -3.4 x campesterol [%] + 3.3 x stigmaste-
rol [%] + 0.5 x sitosterol [%] — 10.1 x A>-avena-
sterol [%] + 5.1 x stigmastenol [%].

This equation correlates well with the real ara-
bica variety content with an acceptable observed
accuracy (R? = 0.90, RSD = 5.8).

However, in spite of the working prediction
model, our principal aim was to find the relation-
ship between y variable (% arabica in the coffee
mixture) and the chemical descriptor with the
highest contribution to the model. According to
further correlation study the best fit was achieved
with AS-avenasterol:

arabica [%] = 117 — 11.1 x AS-avenasterol [%]

with a high correlation coefficient (R? = 0.98) and
precision (RSD = 7.9) obtained. However, for the
limited number of the model samples (N = 13).
The correlation between the Ad-avenasterol con-
tent and the actual value of % arabica in the ara-
bica-robusta mixtures is given in Fig. 6. The results
showing that AS-avenasterol alone as a very good
predictor are in good accordance with the findings
of VALDENEBRO et al. [2], who calculated the fol-
lowing predictive model for the Kraft Jacobs Su-
chard coffees:

arabica [%] = 129 — 10.5 x AS-avenasterol [%]

To validate the results obtained for the model
samples by the statistical analyses (multilinear
regression, principal component analyses a clus-
ter analyses) a test set containing the real coffee
samples purchased at the market was considered.
Achieved results of all statistical approaches were
in a good agreement (Tab. 3); the coffees claimed
to be of the arabica variety were proved to be au-
thentic. Labelling and composition of all commer-
cial roasted coffee samples fulfilled the require-
ments of the recent Czech legislation. The analyses
of sterolic profile of the oil of roasted coffee pro-
vide a very useful tool for the evaluation of coffee
variety using Ad-avenasterol as the main marker of
arabica/robusta ratio in the sample. Prediction er-
ror of classifying the coffee samples according to
the suggested correlation of arabica content with
the percentage of AS-avenasterol is about 8%.
However, the analysed set of the model samples
was rather limited and its extension would allow
for a more reliable and better discrimination.
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tent and the actual value of % arabica in arabica/
robusta mixtures.

Tab. 3. Variety types of commercial coffees obtained from chemical analyses of sterolic fraction
according to different statistical approaches.

Sample Claimed PCA CA arabica [%] =NI :J:tglrlei : .:eireASSS-I;)\:]enasterol [%]
1X mixture robusta robusta 21
2X mixture robusta mixture 26
3X robusta robusta robusta 7
4X mixture robusta robusta 21
5X arabica arabica arabica 99
6X unknown robusta outlier -18
7X unknown arabica mixture 77
8X mixture mixture outlier 39
9X unknown robusta robusta 7
10X arabica arabica arabica 102
11X arabica arabica arabica 96
12X mixture mixture mixture 63
13X mixture arabica mixture 72
14X mixture mixture mixture 83

PCA - principal component analyses, CA - cluster analyses.
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