
Instrumentos	
para	Food-ómica

Ricardo	López
Vicente	Ferreira

17	de	Enero	de	2017



Caracterizar	perfiles	y	estructurar rutas	metabólicas

Cuantificar	un	amplio	rango	de	metabolitos	en	amplios	rangos	de	
concentraciones	en	matrices	alimentarias

Identificar	inequívocamente	los	metabolitos	y	proteínas	que	los	estudios	
anteriores	nos	indiquen	como	críticos

Ser	capaces	de	abordar	de	manera	integral	estudios	de	metabolómica en	
sistemas	alimentarios

¿Qué	queremos	hacer?



Plataforma	Analítico-Foodómica

UHPLC

QqQQTOF

INSTRUMENTOS

SEPARACIÓN

PERFILADO	E	
IDENTIFICACIÓN CUANTIFICACIÓN

SOFTWARE

Inteligencia
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PERSONAL



UHPLC

Permite	usar	las	columnas	más
eficientes	del	mercado	(pequeño	
tamaño	partícula	→	altas	presiones):
• Mejor	acoplamiento	para	MS
• Caudales	más pequeños
• Mayor	rapidez	manteniendo	calidad	
separación



UHPLC

• Cada	sistema	MS	requiere	uno	
independiente
• Un	UHPLC	adicional	con	detector	
diode-array es	conveniente	para	
desarrollo	de	métodos	y	
dereplicación



Triple	cuadrupolo (QqQ)



Triple	cuadrupolo (QqQ)



8 9Liquid Chromatograph Mass Spectrometer LCMS-8060

Expand your capabilities in quantitation

Ultra sensitive detection 
in bioanalysis
Bringing together ultra fast scanning technologies 

with high sensitivity pushes the limits of what we 

can see.

The LCMS-8060 is built for high data quality and 

drives confidence and consistency 24/7.   

High-Sensitivity Quantitation of Verapamil in Plasma

High sensitivity quantitation of steroid hormones

%RSD 5.08% (n=10)
Linear dynamic range
0.1 pg/mL to 50 ng/mL

Verapamil in plasma; 100 ag on column
ESI positive; m/z 455.40 > 165.00   CE: -27V

(%)

The triple quadrupole LCMS-8060 has an advanced ion guide design to increase ion production and detection and makes a meaningful 

impact on high sensitivity detection. 

• Verapamil spiked into a plasma crash sample can be quantified at 100 ag on column with a precision of 5.08% for multiple injections (n=10).

• The LCMS-8060 also delivers a linear dynamic range from 0.1 pg/mL to 50 ng/mL. 

• Aldosterone was detected at a lower concentration of 0.2 pg/mL 

using neat standards and the calibration curve was linear from 0.2 

to 20,000 pg/mL.

Precision and accuracy of verapamil
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QqQ especificaciones
• Triple	cuadrupolo de	MUY	alta	sensibilidad
• Aprox.	100	ag en	columna	(pg/L)



¿Por	qué muy	alta	sensibilidad?

• Para	determinar	bajas	concentraciones
• Fitotoxinas,	micotoxinas (μg/kg)
• Precursores	cisteínicos (μg/L)
• Pesticidas	(μg/L-ng/L)
• Dioxinas	(ng/kg)
• …



¿Por	qué muy	alta	sensibilidad?

Ionización en	
MS	depende	
de	la	matriz

Efectos
Matriz

Diluir
muestra

Alta
sensibilidad

Mayor	
robustez
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1290 Infinity UHPLC + 6460 QQQ Jet Stream
Productividad y Sensibilidad: Análisis de 300 Pesticidas en 15 min. con 
dMRM  Columna 150x2,1 STM-C18

600 Dynamic MRM Transitions
9 replicates analyzed at 200 pg level
Mean area %RSD = 3.2 
Mean height %RSD= 3.6

Column: 2.1 x 150mm, 1.7um
Mobile phase: A = H2O w/5 mM ammonium formate + 0.01% formic

B = MeOH w/5 mM ammonium formate + 0.01% 
formic
LC Gradient: 8%B (T=0) to 92%B (T=15 min), hold 3 min
Column Temperature: 70°C
LC flow rate: 0.5 ml/min

40 Pesticidas en 1 min
PW ~2 seg. FWHM

RSD% ÍÎ incertidumbre

Screening

15min
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x3 x4 x4 x3 x4 x2 x1
Cycle time

'Rt

dMRM: “Dynamic Multiple Reaction Monitoring”                  
Mayor Sensibilidad, Rapidez y Robustez

= nº Concurrent dMRM

dMRM: 
• MRM Dinámico con ventanas de 
monitorización individuales creadas 
automáticamente a partir del tiempo 
de cada compuesto.
• Maximiza la Sensibilidad del 
proceso de medida en MRM.
• Facilita Mantenimiento tabla 
calibración.
• Disponible en TODA la gama de triple 
cuadrupolos de Agilent

dMRM

RSD% 
requerido

Ptos./pico
necesarios

<1% 15
1-3% 12

10-12% 8

QqQ prestaciones
• Métodos multiresiduo con	>100	analitos detectados	
simultáneamente	



QqQ:	Cuantificación	de	
compuestos	diana	conocidos
• Pesticidas
• Esteroides
• Antioxidantes
• Agentes	antimicrobianos
• Precursores

• Vitaminas
• Oligosacáridos
• Péptidos,	proteínas
• Micotoxinas
• Famacocinéticas



Cuadrupolo-Tiempo	de	Vuelo	(QTOF)



Cuadrupolo-Tiempo	de	Vuelo	(QTOF)



QTOF	Prestaciones
• Masa	exacta	(<5	ppm	exactitud	de	masa)
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m/z

545.4

ALTA
RESOLUCIÓN

Masa	media
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id
ad

m/z

545.3231

545.3262
545.3293

545.3320

545.3201

545.3175

545.3141

Masa	monoisotópica



QTOF	Prestaciones
• Velocidad	20-50	espectros/s
• Sensibilidad	(peor	que	QqQ)
• Identificaciónmediante	masa	exacta,	deconvolución
isotópica,	iones	precursores

Masa	medida Precisión Posibles	formulas	
moleculares

545.4 0.1 2272

545.40 0.01 171

545.400 0.001 18

545.4000 0.0001 1



Instant Expertise™

Intelligent self-optimizing MS/MS routines 
deliver expert-caliber results first time  from 
your complex biomarker discovery or small 
molecule unknown screening  experiments 
where spectral fidelity is key. This also 
includes de novo molecular formula deter-
mination.

Let the impact II achieve your 
goals in:

  Biomarker discovery and validation in   
 proteomics and metabolomics
  Drug metabolite, degradant and impurity   

 identification and quantitation
  Synthetic chemistry support
  Intact protein analysis and characterization  

 of biopharmaceuticals
  Forensic and doping control
  Food and water testing

And all in an economical and 
benchtop design.

Dynamic range – five orders of 
magnitude

50 GBit/sec sampling technology 
enables high Dynamic range
acquisition on an LC timescale

Greatly increased robustness to sample 
variation allowing reduced sample 
pretreatment especially desirable in high 
throughput quantitative applications. 
Definitive trace analysis from complex, 
high-background matrices makes 
your analytical work more productive. 
Increased dynamic range, excellent 
robustness, and full sensitivity gives you 
the deepest insight into your sample and 
what might be hiding underneath.

Sensitivity

One shot plug & play acquisition with 
market leading standard sensitivity 

Ensuring qualitative and quantitative 
results in one LC run delivers fastest 
possible time-to-success. Whether 
running with standard ESI, ionBooster 
or even nano-flow separation coupled 
with the patented CaptiveSpray nano-
Booster the impact II with its dual ion 
funnel delivers extreme sensitivity for 
best qualitative and quantitative results 
in one run.

Full sensitivity resolution

Having to choose  between resolution 
and sensitivity on other instruments 
restricts the depth to which you can 
understand your sample. Instead of 
beam shaping, the impact II features  a 
new time-of-flight tube  with improved 
resolving power for optimized detection.
 

Robustness  And Simplicity – 
All Day, Every Day

QTOF	Prestaciones
• Posibilidad	de	incorporar	sistemas	de	movilidad			
iónica	para	diferenciar	isómeros
• Imprescindible	apoyo	de	software	y	bases	de	datos

Figure 3: MS2 CID spectrum of 
the precursor m/z 760.25 (2+). 
The precursor signal is shown in 
the upper left.

Figure 4: Merged MS2/MS3 CID 
spectrum of MS2 precursor m/z 
760.25 (2+) and MS3 precursor 
m/z 863.37 (1+). The latter is 
shown in the upper left.

Figure 2: ProteinScape 4.0: 
GlycoQuest search results of 
human blood plasma O -glyco-
peptides. 

Inteligencia	
artificial
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Robustness  And Simplicity – 
All Day, Every Day

QTOF	Prestaciones
• Imprescindible	apoyo	de	software	y	
bases	de	datos:

1. Sistemas	de	alineamiento	y	deconvolución de	
señal

2. Procesado	de	señal	para	identificación	de	perfiles	
(non-target	metabolomics)

3. Confirmación	estadística	de	perfiles
4. Propuesta	rápida	de	fórmula	molecular	y	

estructura	química	probable
5. Propuesta	de	fragmentación	MS/MS
6. Consulta	rápida	bases	de	datos	externas
7. Establecimiento	de	rutas	metabólicas



Aplicaciones	QTOF

• Identificación	automática	
en	rutas	metabólicas

We illustrate the power of this software based 
workflow for the discovery of gene-mediated 
glycosylations in the HGL-DTG pathway in tobacco and 
their consequences in the herbivore M. sexta.

Methods

Leaf tissue from stable genetically silenced lines of 
N. attenuata impaired in geranylgeranyl diphosphate 
synthase (Naggpps), glucosyltransferase 1 (Nagt1), 
1/2 (Nagt1/2) and rhamnosyltransferase 1 (Nart1) and 
frass of 2nd instar M. sexta larvae were extracted with 
80% methanol. Chromatographic separation of extracts 

was carried out using a Dionex™ UltiMate™ 3000 Rapid 
Separation LC System combined with an Acclaim™ RSLC 
120 C18 2.2µ 120 Ǻ (2.1 × 150 mm) column (both Thermo 
Fisher Scientific). MS analysis was performed using a 
high-resolution QTOF (micrOTOF-Q II™, impact II™, Bruker 
Daltonics) MS detection system in electrospray positive ion 
mode.

ProfileAnalysis™ 2.3 was used for data recalibration, 
feature extraction (Find Molecular Features), RT alignment 
and bucketing. MetaboScape™ 1.0 was applied for 
identification of novel secondary metabolites, automatic 
identification of known target compounds, statistical 
analyses, and pathway mapping. Custom pathway maps 
were created using PathVisio 3.2.0 [1,2].

Workflow

Results Summary



Aplicaciones	QTOF

• Screening de	un	número	muy	elevado	de	
compuestos	sin	disponibilidad	de	patrones
• Seguridad	alimentaria	y	medioambiental
• Análisis	retrospectivo

6
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DIURON
Fórmula empírica: C9H10Cl2N2O
Masa Exacta : 243.0243 (El software incluye una calculadora 
de masas)

Fase 1.- Localización de Potenciales Positivos:
- Extraer IC’s de “masa exacta” (muy finas ventanas de 

extracción)   o por M.F.E.

- NO se requieren patrones.
Diuron IC:243.024

Laboratorio Químico Microbiológico - Murcia

Fase 2.- Confirmación /Cuantificación 
de Positivos:

- Confirmar con patrones por Tr y 
relaciones de iones del pseudo “MS/MS” 
con TOF o del MS/MS (QTOF).
- Posibilidad de cuantificar reprocesando
retrospectivamente el Scan-MS mediante 
“factores de respuesta relativos” (sin tener 
que reanalizar la muestra) 

+TOF MS: Experiment 2, 5.688 to 5.849 min from lowhigh03.wiff Agilent
Max. 1.9e5 counts.

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
m/z, amu
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1.9e5 132.0624 168.0385 203.0076

205.0046

121.0520 170.0359149.0898
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+TOF MS: Experiment 1, 5.672 to 5.833 min from lowhigh03.wiff Agilent
Max. 5.4e5 counts.

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 2900.0
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277.0868

279.0839

121.0510

Error masa: -
2.2ppm

Error masa: -
2.1ppm

Análisis Retrospectivo de Compuestos No 
Esperados por Extracción I.C.

TIC

Página: 13
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¿Cómo localizar TODOS los Analitos ionizados incluyendo 
Coeluyentes desconocidos que se enmascarén dentro de un pico 
mayoritario?: Agilent “Molecular Feature Extractor” (MFE)

Localización de Analitos Coeluyentes Desconocidos: 
“Diketopiperazine Amoxicillin” Coeluyente con Amoxicilina .

363 364 365 360 367 368 369 370 371
m/z, amu

0.0
2000.0
4000.0
6000.0
8000.0
1.0e4
1.2e4
1.4e4
1.6e4
1.8e4
2.0e4
2.2e4
2.4e4
2.6e4

Intensity, counts

366.1131

367.1157
368.1134

Formula: C16H20N3O5S
Calculated mass: 366.1124
Measured mass: 366.1131
Mass accuracy: 0.7 mDa
Mass accuracy: -1.99 ppm



H.-G. Schmarr, J. Bernhardt / J. Chromatogr. A 1217 (2010) 565–574 571

Fig. 6. Workflow of the described method: (1) Samples have been prepared and analyzed by HS-SPME-GC × GC-qMS; (2) 2D GC chromatograms have been transformed into
32-bit images; (3) 2D GC images were stored in Delta2D; (4) Positional correction (warp vectors) resulted in image congruency (dual channel overlay color code: blue = image1,
orange = image2 and black = overlap); (5) Volatiles map as a result of project-wide 2D GC image fusion; (6) Detected spot consensus; (7) Spot consensus boundaries were
applied to all 2D GC images for gray level integration; (8) Gray level integration results in quantitative data which can be summarized in volatile profiles (blue – low amount,
black – average amount, orange – large amount of volatile).

close relatives, followed by “Pinova”. The other apples are some-
what more different in their aroma profile, especially “Cox-Orange”,
which clusters in the upper area. In the family tree, no ances-
tors for “Cox-Orange” could be found, however it is crossbred

Fig. 7. PCA analysis: In the first/second principal component plot (panel A), except
for “Cox-Orange” and with much lower distance “Pinova”, all apples (reddish and
yellowish color shades) are projected into the center. Pears, which are encoded by
green color hue, appear on the upper left, while “Alexander Lucas” and “Conference”
are clearly distinguishable. The group of quince fruit samples appears at largest
distance to the other samples on the upper right.

into “Braeburn”. “Gala” is crossbred from “Golden Delicious” and
“Kidds Orange” (the latter containing “Cox-Orange” and “Golden
Delicious”) – in principle, about 75% “Golden Delicious” and 25%
“Cox-Orange”. The relationships within the species cannot be suf-
ficiently differentiated by the profiles of their volatile compounds.
Interspecies relations are well depicted. Pears are closely related to
apples, and quince is further distant from the others. We also ana-
lyzed one sample of “Williams Christ” (chromatogram C in Figure
S-1) as an unknown sample, which clustered well within the group
of pear fruits (data not shown), indicating the potential for identi-
fication of unknowns.

3.4. Identification of individual aroma compounds

The Delta2D software allows labelling of those spots which
are statistically relevant for differentiation (Fig. 8). At present, in
our case, access to the mass spectrometric data for further spot
(compound) identification is only possible off-line in the original
software from the instrument manufacturer (HyperChrom or Xcal-
ibur software, respectively). This is done via pattern comparison
or retention time, respectively. Delta2D allows an export of spot
labels in table format which can be further used for identifica-
tion purposes via the retention time information. As an example,
the identification of the spot labelled by the Delta2D software
as “quince 12” (Fig. 8C) is presented. Within HyperChrom soft-
ware, this spot could be identified via its mass spectrometric and
retention time (index) information as the compound “marmelo
oxide”, which is known to be a characteristic substance in quince
fruit aroma [60,61]. Furthermore, using Xcalibur or HyperChrom
software, the available mass spectrometric data can also be used
directly to identify (target) compounds or even compound classes,

Aplicaciones	QTOF

• Análisis	no	dirigido	de	muestras	desconocidas.	
Identificación	por	análisis	diferencial
• Análisis	”ómico”	(proteómica,	metabolómica,	
foodómica)
• Descubrimiento	de	biomarcadores
• Comprobación	origen
• Comprobación	adulteraciones



• Cuarto	limpio	y	termostatizado ≥30	m2

• Laboratorio	preparación muestra	≥30	m2

• Zona	de	almacenamiento	15	m2

• Despacho	15	m2

• Doctor	con	experiencia	en	
metabolómica
• Técnico	de	laboratorio



UHPLC-DAD	 90.000	€ 

UHPLC-QqQ	 450.000	€ 

UHPLC-QTOF	 690.000 € 

HPLC	prep. 120.000	€

Coste	(aprox.	IVA	inc.)


