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The triacylglycerol (TAG) composition of coffee beans (Coffea canephora P.) was determined by
reversed phase liquid chromatography—mass spectrometry and tandem mass spectrometry. The
TAGs were separated on a Microsorb RP C-18 column in series with a Supelcosil RP C-18 column
using isocratic elution with acetonitrile/2-propanol/hexane (v/v/v, 57:38:5) as the mobile phase at a
flow rate of 1 mL/min for 100 min. Under these conditions, 13 TAGs were identified (elution order):
trilinoleyl-glycerol (LLL, 11.76%), dilinolenoyl-palmitoyl-glycerol (PLnLn, 2.94%), dilinoleyl-oleyl-glycerol
(OLL, 7.77%), dilinoleyl-palmitoyl-glycerol (PLL, 25.90%), dipalmitoyl-linolenoyl-glycerol (PPLn, 1.66%),
dioleoyl-linoleyl-glycerol (OOL, 1.68%), dilinoleyl-stearyl-glycerol (SLL, 8.28%), palmitoyl-oleyl-linoleyl-
glycerol (POL, 8.76%), dipalmitoyl-linoleyl-glycerol (PPL, 13.74%), dilinoleyl-arachidyl-glycerol (ALL,
3.51%), trioleoyl-glycerol (OOO, 2.33%), palmitoyl -linoleyl-stearyl -glycerol (PLS, 8.73%), and
distearoyl-linolenonyl-glycerol (SSLn, 2.91%). The relative composition (%) was obtained directly from
the data system with the photodiode array detector.
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INTRODUCTION used to identify TAG molecular species of coffée. @rabica

L.) beans (3). However, those techniques, while giving reliable

results, were found to be quite tedious and therefore not suitable
for the analysis of a large number of coffee samples, as
frequently necessary in many research/quality control programs.
Reversed phase high-performance liquid chromatography (RP-
HPLC) methods were developed for use with light scattering

The two most important coffee species &@effea arabica
L. and Coffea canephord., the former accounting for three-
quarters of the world production while the latter represents about
one-quarterl). Coffee quality is an important parameter, which
determines largely its commercial value, and a number of factors
such as poor harvesting and postharvesting practices, funga

contamination, and presence of undesired compouidsave (LSD) (9) and refractive index (RI) detectors (1@)t using
been speculated to be involved in lowering coffee quality. those techniques, identification was based on literature com-
Information onC. arabical. coffee lipids is very limited 83— parison and some TAG could not be separated under the

5) but suggests that the poor quality of coffee is also due to the conditions used. Although TAG analysis using “universal”
hydrolysis of triacylglycerols (TAGs) with release of free fatty ~detectors such as LSD and RI give good responses, the use of
acids, which, in turn, are oxidize®{8). However, there isa Mmany TAG standards is mandatory. In addition, the coelution
lack of information on the TAG composition @. canephora can make difficult the identification of the peaks in a chro-

in the literature. matogram.

As a part of a coffee-breeding program aiming to study the  Another problem to be faced by analytical techniques is the
role of lipids on coffee quality, methods such as Ag-TLC (thin- TAG structure determination. Generally, the detailed compo-
layer chromatography) and RP-TLC (reversed phase TLC) weresitional analysis of natural oils and fats, which can be a complex

mixture of TAGs, is difficult since the molecular species have

*To whom correspondence should be addressed. Tel: 55 31 3499 5707.Very similar chemical and physical properties. In a TAG with
FaerUg_S 31 3499 5700. E-mail: sergiosegall@yahoo.com. a molecular weight of 850900, the presence of even one

versidade Federal de Minas Gerais. double bond can make a strong difference as each double bond
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8 Universidade Federal de \ea. in a TAG structure reduces its retention time so much that its
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value becomes comparable to the retention time of a TAG
lacking two carbons (11). Because the presence of TAG isomers
is common in lipids, the use of two or three columns in series
and the use of columns with silver ions bounded onto the
stationary phasel@—15) are commonly used to achieve a
complete separation of all TAG species.

The use of modern hyphenated techniques such as liquid
chromatography coupled to mass spectroscopy (LC-MS) can
also overcome the difficulties in identifying some TAGK5(

17), but the use of tandem mass spectroscopy (MS/MS) is
mandatory to completely elucidate the TAG isomers. For
instance, LC-MS/MS (liquid chromatography coupled with
tandem mass spectrometry) was used to distinguish between
the isomer pairs capryl-lauryl-myristoyl-glycerol (CaLaM) and
caprilyl-lauryl-palmitoyl-glycerol (CyLaP) in ouricuriQyagrus
coronata) oil (18). Fatty acid residues of TAGs present in ] ) ]
ouricuri oil were identified by tandem mass spectra of the Figure 1. Typical HPLC trace_ obtained with a crude hexane extract of a
corresponding sodium adducts of molecular ions-fvNaJ*. cherry bean coffee sample with PDA detector. Peaks 1-13 correspond
Even when a complete separation of TAG is not achieved, © TAGS LLL, PLnLn, OLL, PLL, PPLn, OOL, SLL, POL, PPL, ALL, OO0,
tandem mass spectrometry can be a useful tool to identify the PSL, and SSLn, respectively.

TAG species. For example, LC-MS/MS was successfully used ) ) o

to identify the TAG isomer pair POO and PLS, which coeluted (model 17A) gas chromatograph fitted with a flqme ionization detector
in the Malaysian cocoa butter by analyzing the diacylglycerols autosampler (model AOC-20) and a workstation CBM-101 (Tokyo,
fragmented ions (19). Japan) were used with a 30 # 0.25 mm (i.d.) fused silica column

The TAG adduct ions can be very informative; therefore, the .Coat?d with the DB-1 stationary phase (Supelco, Bellefonte, PA) to
use of different doping agents allows a complete structural ‘91 rt]hle deA MEs. The column temperature was %ror?r%mmeg_from
characterization. Hsu and TurR() studied the TAG species 65 °C (held for 3 min) to 260°C at 4°C min * and held at this

. N temperature for 20 min; injector and detector temperatures were 260
obtained by electrospray ionization tandem mass spectroscopy.

via “th'a.wd adducts with IOV.V energy collisional agtlvated Separation of TAGs Using HPLC. The HPLC system used for
dissociation (CAD). The relative abundance of M Li — he TAG separations was a Surveyor LC pump (San Jose, CA) and
RCOOHJ, [M + Li — RCOOLIJ*, and RCO ions reflected ¢ P  Surveyor LC pump e, CA)

. . autosampler from Thermo-Finningan (San Jose, CA) combined with a
the position of each' fatty acid on the_ glycerol baCkF’O”e- Cheng photodiode array (PDA) detector (San Jose, CA) and an ion trap mass
find GrossZ1) studying the fragment ions of ammon'ate,d adduct spectrometer detector (San Jose, CA) in series. The TAGs were
ions [M + NH,]* produced by ESI and fragment ions of  separated with a Microsorb RP C-18 column (lengths cm, internal
sodiated adduct ions [M- Na]* fast atom bombardment (FAB)-  giameter= 4.6 mm, and particle size 5 um; Rainin Inc., Oakland,
produced could completely elucidate the TAG structure by eight ca) and a Supelcosil RP C-18 (length 25 cm, internal diameter
ions formed through the fragmented ions (FAB-produced [M 4.6 mm, and particle size= 5 um; Supelco Inc.) column in series.

+ NaJ*). Hvattum (22) identified the position of the acyl chain  Samples (2(L) were injected via an autosampler and a PDA detector

through the fragments of [M- NH4] ™ ions. The energetically  and set to scan between 200 and 600 nm, and the effluent that was led

less favorable neutral loss of ttsm-2 fatty acid from [M+ to the PDA detector and to the mass spectrometer simultaneously was

NH,4]* precursor ion allows determination of the exact position monitored. Acetonitrile/2-propanol/hexane (v/v/v, 57:38:5) (18) was

of each fatty acid on the glycerol backbone. the mobile phase for the isocratic TAG separation at a flow rate of 1
Given the great potential of LC-MS and LC-MS/MS in TAG ~ mL/min for 100 min.

analysis and the lack of information on the TAG composition Analysis of TAG by LC-ESI-MS/MS. The TAG standards and the

of the commercially important coffee varie@. canephoreP., coffee oil sample were separated with the LC system previously

we have determined the TAG composition of this species by described. The columns were connected to a Thermo-Finningan LCQ

liquid chromatography and positive ion electrospray tandem Deca XP mass spectrometer equipped with an atmospheric pressure

mass spectrometry (LC-ESI-MS/MS). ion source to sample positive ions from the electrospray interface.
Formic acid (0.5%) in acetonitrile/water (1:1) was added postcolumn

at 5uL/min to improve the ionization. The whole column effluent (1
mL/min) was directed to the mass spectrometer. Data acquisition and
processing were performed using a Xcalibur NT 1.2 data system
(Woburn, MA). The ion-source parameters were optimized with respect
to the positive molecular ion of TAG, and the cone voltage was set to
50 eV. Nitrogen was used both as a sheath gas and as an auxiliary gas
at a flow rate (instrument settings) of 60.0 and 20.0 (arbitrary units),
respectively. The mass spectra, between 300 and 1200 amu, were
Coffee Oil. The coffee oil was obtained after grinding the cherry obtained in normal mpde with an ion_span_ rate of 55100 ar_nu/s. Helium
coffee beans on a food processor and extracting them with hexane forWas used as a collision gas for collision-induced dissociation (CID),
6 hin a Soxhlet extractor. The hexane layer was dried using anhydrous@nd the optimized relative collision energy (RCE) was set at 45% for
sodium sulfate and paper filtered, the solvent was removed using the MS? The instrument was tuned with tricaprin acquired from Sigma-
rotatory evaporator under reduced pressure &C3%nd the crude oil ~ Aldrich (St. Louis, MO) and triolein (Nu-Check-Prep. Inc., Elysian,
was stored in a freezer. The crude oil was analyzed without the previous MN). Calibration was done with a mixture of caffeine, MRFA (a short,
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EXPERIMENTAL SECTION

Reagents and Solvent&All reagents and solvents were of analytical
or chromatographic grade. Acetonitrile, 2-propanol, and hexane were
purchased from Fisher (Fair Lawn, NJ) and were used without further
purification. Formic acid was acquired from Aldrich Chemical
(Milwaukee, WI).

Coffee Sample.The details of obtaining coffee sample have been
previously described elsewhere (23).

purification by dissolving in the mobile phase (10 mg/mL).
Fatty Acid Analysis by Gas Chromatography. Fatty acid methyl
esters (FAMESs) were prepared according to Chrig#).(A Shimadzu

four amino acid peptide), and Ultramark 1621 (perfluoroalkylphos-
phazine) solutions (Sigma-Aldrich). The percentages of each TAG
separated by HPLC were based on the detector’s area response.
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Figure 2. Tandem mass spectrum of sodium adduct ion [M + 23]* of TAG PLL showing the fragmented ions corresponding to the losses of neutral fatty
acids and fatty acids sodium salts (L and P).
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Figure 3. Tandem mass spectrum of sodium adduct ion [M + 23]* of TAG POL showing the fragmented ions corresponding to the losses of neutral fatty
acids and the sodium adduct ions (L, O, and P).

RESULTS AND DISCUSSION In fact, a satisfactory separation was obtairféd(re 1), despite
. - . . isocratic elution.
Fatty Acid Composition. Ten fatty acids, typical of coffee Analysis of TAG Using HPLC-MS/MS. HPLC-MS/MS

bean lipids, were identified on theoffea canephora. oil. revealed, for the majority of peaks that were evaluated, that the
Palmitic (16:0) and linoleic acid (cis 9,12-18:2) dominate by ¢q4ium adduct of molecular ion [M- 23]" was much more

far (32.32 and 43.64%, respectively). The total lipids contain j,tanse than protonated molecular ion fML]*, except for TAG
moderate and almost equal quantities of stearic (18:0) and oleicp| 5| n where the formation of [M+ 18]* ion was observed.
(cis 9-18:1) acids (10.33 and 11.50%, respectively), while The M + 18], [M + 23]*, [M + 39]*, and [M + 7],
myristic (14:0), palmitoleic (16:1), arahidic (20:0), and behenic representing cationized ions bearing water, Na, K, Li, etc. have
(22:0) acids are present in less than 1% each. The sample als@een described in the literature for lipid analysi§¢29).
contains ca. 1% of linolenic acid (18:3). The first peak (11.76% of total TAGsFigure 1) was
Separation of TAG Using HPLC. To avoid the recurring promptly identified as the TAG LLL based on the ion [M
coelution problem, two columns, therefore, a higher number of 23]* with m/zat 901.8. The second peak (2.94% of total TAGS,
theoretical plates, were used in series to optimize the TAG Figure 1) was identified as the TAG PLnLn by tandem mass
separation. In addition, the flow rate was set to 1 mL/min and spectrometry. Formation of the correspondingVL8]* with
the solvent system acetonitrile/2-propanol/hexane (v/v/v, m/zat 870 was observed. When tandem mass spectrometry was
57:38:5) was used, as it showed good results previodsy. ( applied, two fragment ions were observed as follows: the base
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Figure 4. Tandem mass spectrum of sodium adduct ion [M + 23]* of TAG ALL showing the fragmented ions corresponding to the losses of neutral fatty
acids and fatty acids sodium salts (A and L).

[SL]+ [SL+Na]+
w0 503.3 §25.3
" [PL+Na]+
S g 597.3
z
2 =0
)
D 5o [PL]+
w 575.3 604.3
= 50
i_
< [PS]+  [PS+Na]+
m 041 5794 ~.
10 5013
626.4
20
1o
'--'|--!| "'I"‘I"'[I""'I' ‘III
580 Sag 500 810 810 8i0 840
miz

Figure 5. Tandem mass spectrum sodium adduct ion [M + 23]* of TAG PSL showing the fragmented ions corresponding to the losses of neutral fatty
acids and fatty acids sodium salts (L, S, and P).

peak, formed by the neutral loss of palmitic acid (256.2 u) + NaJ* that were formed by the neutral loss [M Na —
originating from the diacylglycerol adduct ion [LnL# 18]" RCOOH]" of palmitic (256.2 u) and linoleic acids (280.2 u),
(m/z613.3) and, upon neutral loss of linolenic acid fragment respectively. The other two less intense fragmented ions with
(278.2 u), the diacylglycerol adduct ion [LnP 18]" (m/z m/zat 575.6 and 599.1 correspond to the diacylglycerol ions
591.5), although it was formed with very low intensity (1.44%). [PL]* and [LL]*, respectively. The former was originated by
The third peak (7.77% of total TAGEjgure 1) was identified the neutral loss of sodium salt of linoleic acid [M Na —
as OLL due to the ion [M+ 23]t (m/z 903.8). Peak four RCOONat and the latter by the neutral loss of sodium salt of
(25.90% of total TAGsFigure 1), the most abundant TAG, palmitic acid, respectively.

was identified as PLL. The [M+ Na]* of PLL (m/z877.8) The fifth peak (1.66% of the total TAGEjgure 1) presented
when analyzed by MS/MS presented two patterns of fragmenta-the ion [M + 23] (m/z851.9) and was identified as the TAG
tion produced by the neutral loss of fatty acid [fM Na — PPLn. Peaks six and seven (1.68 and 8.28%, respectively, of

RCOOH]J" and the neutral loss of sodium salt of fatty acid [M the total TAGsFigure 1) both presenteth/zat 905.8. The use

+ Na — RCOONaJ. The TAG PLL, when submitted to CID  of two columns was probably responsible for the separation of

energy, produced four diacylglycerols fragmented idtigure this isomers pair. To confirm which isomer eluted first,

2 shows the tandem mass spectrum of {M23]* ion. The fragmentation by CID of these ions present in each peak was
fragmented ions witim/zat 621.3 andn/z597.3 correspond to  studied. The results indicated that the peak six corresponded to
the sodium adduct of diacylglycerol ions [ Na]™ and [PL TAG OOL and peak seven to TAG SLL. Peak six presented a
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base peak withn/zat 623.2, characteristic of a diacylglycerol
sodium adduct [OL+ NaJ*" originated by the neutral loss of
oleic acid (282.2 u). A peak observedmatz625.2 corresponds
to the ion [OO+ NaJ*, formed by neutral loss of linoleic acid
(280.2 u). The other ions present in the mass spectmra (
601.4 and 603.4) were formed by the neutral losses of the
sodium salt of oleic and linoleic acids, respectively. The tandem

mass spectrum of the next peak, an SLL isomer, presented the

fragmented ions withm/z at 621.5 (base peak) and 625.6

Segall et al.
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