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Abstract

Polyphenols, including glycosylated polyphenols, were analysed via a procedure based
on injection-port derivatization coupled to gas chromatography-tandem mass
spectrometry (GC-MS/MS). The polyphenols in lyophilized fruit samples were
extracted with an acidified MeOH mixture assisted by ultrasound. Samples were dried
under vacuum, and carbonyl groups were protected with methoxylamine. Free hydroxyl
groups were subsequently silylated in-port. Mass fragmentations of 17 polyphenol and
glycosylated polyphenol standards were examined using Multiple Reaction Monitoring
(MRM) as the acquisition mode. Furthermore, in-port derivatization was optimized in
terms of optimal injection port temperature, derivatization time and sample: N-Methyl-
N-(trimethylsilyDtrifluoroacetamide (MSTFA) volume ratio. A CI18 solid-phase-
extraction clean-up method was used to reduce matrix effects and injection liner
degradation. Using this clean-up method, recoveries for samples spiked at 1 and 10 pg/g
ranged from 52 % to 98 %, depending on the chemical compound. Finally, the method
was applied to real fruit samples containing the target compounds. The complete
chromatographic runtime was 15 min, which is faster than reported for recent HPLC

methods able to analyse similar compounds.

1. Introduction

Polyphenols, a type of diet-derived anti-oxidant, have received considerable public
attention due to their protective effects against cancer and cardiovascular and age-
related diseases (Cao, et al., 2008). Classified into anthocyanins, flavones, isoflavones,

flavanones, flavonols, and flavanols (Tsao & Yang, 2003), these compounds are found
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not only in natural food sources such as fruits (Ignat, Volf, & Popa, 2011), but also in
agro-industrial by-products (Delpino-Rius, Eras, Vilar6, Cubero, Balcells, & Canela-
Garayoa, 2015) and in beverages, such as tea (Ding, Yang, & Xiao, 1999) and wine

(Rio Segade, Orriols, Giacosa, & Rolle, 2011).

Polyphenols have been extracted from fruit samples by means of several techniques
depending on the sample; most of these include the use of a slightly acidic mixture of
aqueous-organic solvents. The extraction is usually assisted by microwave or ultrasound
(Pic6, 2013). Recently, micro-extraction techniques, which require lower amounts of

solvent, have also been used for this purpose (Nerin, Salafranca, Aznar, & Batlle, 2009).

After extraction, the various groups of phenols are commonly analysed by reversed-
phase HPLC using a C18 column and UV-vis diode array detector (DAD) (Schieber,
Keller, & Carle, 2001). Mass and tandem mass spectrometry play an important role,
especially for identification purposes (Campillo, Viiias, Férez-Melgarejo, & Herndndez-
Cérdoba, 2015 and Malec, Lle Quéré, Sotin, Kolodziejczyk, Bauduin, & Guyot, 2014).
Although HPLC is the primary technique used for the analysis of polyphenols, several
studies refer to-the analysis of flavonoid aglycones by gas chromatography using
silylation to convert the analytes into volatiles (Nolvachai & Marriott, 2013). Examples
of this type of analysis can be found using on-column injection (Vinciguerra, Luna,
Bistoni, & Zollo, 2003), analysis of polyphenols in apple pomace (Tao, Sun, Chen, Li,
Wang, & Sun, 2014) and apple juice (Loots, van der Westhuizen, & Jerling, 2006).
Flavonoid aglycones have also been explored in model systems and citrus fruits (Fiizfai
& Molnér-Perl, 2007) by means of a prior oximation step to obtain a better response,
particularly for anthocyanins and apple (Rudell, Mattheis, & Curry, 2008). In addition, a

few studies have attempted to analyse flavonoid glycosides as trimethylsilyl (TMS)
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derivatives using high temperature chromatography (dos Santos Pereira, Costa Padilha,

& Radler de Aquino Neto, 2004). However, these efforts were only qualitative.

Derivatization is often carried out off-line after extraction; however, the possibility has
emerged of performing this derivatization on-line, thereby reducing time-consuming
sample processing steps, decreasing the amount of reagents, and increasing the analytic
speed and efficiency (Docherty & Ziemann, 2001). Among these  alternative
approaches, on-line processes involving the introduction of the ‘sample and the
derivatization reagent directly into the hot GC inlet are known as inlet-based or in-port
derivatizations. In this procedure, the derivatization. occurs in the gas-phase
(Bizkarguenaga, et al., 2013). The sample and the derivatization reagent can be injected
separately, either by first manually injecting the sample or the derivatization reagent
(Vinas, Martinez-Castillo, Campillo, & Hernandez-Cérdoba, 2011), requiring the
presence of the analyst to start each analysis, or simultaneously, using a software
controlled sandwich injection which fills the syringe with both the sample and the
derivatization reagent, allowing an air gap between them. The latter is expected to give

better results in terms of repeatability and automation of the analytical sequence.

The aim of this work was to develop an injection-port method using a GC-MS/MS
instrument, with derivatization performed using an automated sandwich injection of the
methoximated sample and the derivatization reagent, namely N-methyl-N-
(trimethylsilyl)trifluoroacetamide (MSTFA). In addition, Multiple Reaction Monitoring
(MRM) was used for mass acquisition, thus allowing an improvement of the limits of
detection. This enhancement is especially useful in the case of glycosylated polyphenols
as the derivatization yields of these compounds are generally low, thereby causing
lower analyte response. Moreover, the use of electron ionization (EI) as the GC

ionization source could provide a mass spectrum with more fragments, which could be a

4



74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

useful tool for identification purposes. The applicability of this method is demonstrated
via the analysis of distinct samples drawn from fruit origins, known to be important
sources of polyphenols. To the best of our knowledge, this report describes the first time
that a method using GC has been used to analyse polyphenols and glycosylated
polyphenols in a single analysis, thus broadening the field of GC applications <into
analyses traditionally performed by LC. In addition, the chromatographic run time is

much faster than current LC methods, requiring only 15 min.

2. Material and Methods

2.1. Reagents, solvents, and phenolic standards

N-Methyl-N-(trimethylsilyl)trifluoroacetamide =~ (MSTFA) and  methoxylamine

hydrochloride (MEOX) were purchased from Sigma-Aldrich (Buchs, Switzerland).

Methanol (MeOH), acetone (HPLC grade purity), ethyl acetate (EtOAc), and pyridine
were supplied by J.T. Baker (Deventer, The Netherlands), and water was purified in a
Milli-Q system from Millipore (Bedford, MA, USA). Ascorbic acid was purchased
from Acros (Pittsburgh, PA, USA) and glacial acetic acid (HAcO) from Panreac

(Barcelona, Spain).

Standards of phenolic compounds were supplied as follows: (+)-catechin, (-)-
epicatechin, procyanidin B1, procyanidin B2, quercetin, quercetin-3-O-galactoside,

quercetin-3-0-glucoside, quercetin-3-O-rhamnoside, quercetin-3-O-rutinoside,
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kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside, epigallocatechin gallate,
cyanidin-3-O-galactoside,  cyanidin-3-O-glucoside,  cyanidin-3-O-rutinoside by
Extrasynthese (Genay, France), and phloretin-2"-O-B-glucoside and 5'-caffeoylquinic
acid by Sigma-Aldrich Chemie (Steinheim, Germany). Standard stock solutions of 100

pg/mL of phenolic compounds were prepared in MeOH and stored at =80 °C in amber
glass vials. Working solutions of 50 and 10 pg/mL were prepared from stock solutions

by sampling an aliquot and diluting as necessary with MeOH.

A C18 SepPak® cartridge (400 mg packing, Waters, Milford, MA;, USA) sorbent was
used for solid-phase extractions (SPEs). A Visiprep SPE vacuum manifold from

Supelco (Bellefonte, PA, USA) was used to process.up-to 12 SPE tubes simultaneously.

2.2. Instrumentation

The GC-MS/MS analyses were performed with an Agilent 7890 GC (Agilent
Technologies, Palo Alto, CA, USA) with a multimode injector and a splitless liner
containing a piece of glass wool. A fused silica high-temperature capillary column
(J&W DB-1HT, 15 m x 0.32 mm i.d.; 0.10 pm film thickness) from Agilent was used
at constant pressure. The detector was an Agilent 7000B triple quadrupole mass
spectrometer with an inert EI ion source. The mass spectrometer worked in MRM mode
with the EI ionization source at 70 eV. Helium with a purity of 99.9999 % was used as
both the carrier and quenching gas, and nitrogen with a purity of 99.999 % as the

collision gas, both supplied by Air Liquide (Madrid, Spain).

For control and data analysis, Agilent Mass Hunter B.04.00 software was used.
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2.3. Samples

Randomly chosen Golden Delicious and Royal Gala apples, Blanquilla pears, and red
plums were purchased from a local market (approximately 1 kg of each). In addition,
processed foodstuffs of fruit origin, namely apple juice concentrate, natural peach juice,
apple/peach juice, raspberry jam, and cranberry juice were supplied by local industries.
Fruits were homogenized in a blender (Grindomix GM 200; Retsch, Haan, Germany) at
5000 rpm for 2 min, and ascorbic acid (~ 10 g/kg) was added to prevent oxidation.
Samples were immediately frozen at —80 °C and lyophilized at =50 °C and 1.1 Pa for 24
h in a Cryodos-50 lyophilizer (Telstar, Terrassa, Spain). Processed foodstuff samples
were frozen at —80 °C before being lyophilised. Finally, the lyophilised samples were

powdered and stored at —20 °C until analysis.

2.4. Analytical procedure

Approximately 100 mg of each of the lyophilised samples was placed into 15-mL
polypropylene tubes. Subsequently, 2 mL of a H,O-methanol (20:80) solution acidified
with 1 % of HAcO was added to each tube. The mixture was subjected to an ultrasonic
bath (ATU APM40-2L.CD; Madrid, Spain) for 10 min followed by 20 min of vortex
agitation and centrifugation at 1400xg for 10 min (Hettich Eppendorf Centrifuge
MIKRO 22 R; Tuttlingen, Germany). A 1 mL volume of the extract was made up with 3

mL of deionized H,O before SPE clean-up.
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The C18 classic SepPak cartridge was first conditioned with 3 mL of methanol followed
by 2 mL of HO (1 % HAcO v/v). The sample extract was then applied to the cartridge.
Co-extracted substances (e.g., sugars and organic acids) were rinsed from the sorbent
with H,O (acidified at 1 %, v/v with HAcO). Subsequently, the cartridge was eluted
with 1.5 mL of methanol (1 % HAcO v/v) followed by 0.5 mL of EtAcO. The solvents
were evaporated under reduced pressure at room temperature using a SpeedVac
(Thermo, Asheville, NC, USA). The residue was dissolved in 300 pl of a solution of
MEOX in pyridine (20 mg/mL) and incubated at 45 °C for 1 _hin a ThermoMixer
(Eppendorf AG, Hamburg, Germany). Prior to injection into the gas chromatograph, the

methoximated sample was placed in a chromatography vial containing a glass insert.

Sandwich injection of the sample and the derivatization reagent (MSTFA) in a ratio of
2:3 ul was carried out in splitless mode applying an inlet temperature program as
follows: 100 °C (held for 3 min), then increased to 320 °C at 250 °C/min. The GC oven
temperature was programmed as follows: 70 °C (held for 3 min), then increased to 270
°C at 50 °C/min, and then to 340 °C at 10 °C/min (held for 1 min) at a constant pressure
of 10.31 psi. A 5-min backflush using a restrictor (0.7 m x 150 um) inert capillary
column at 340 °C and 60 psi was programmed after each run to eliminate the
compounds retained in the chromatographic column. These compounds result from the
incomplete derivatization of some of the low volatility analytes. Moreover, the vial cap
of the derivatization reagent was replaced every 10 injections to prevent contamination

from the vial septum.

The temperatures of the ion source and the transfer line were 250 °C and 300 °C,
respectively. An MRM method was created keeping the temperature of both
quadrupoles at 150 °C. Two transitions were monitored for each analyte, the first for

quantification and the second for confirmation. Table 1 shows the selected mass
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spectrometer conditions. The resolution was adjusted to 1.0 Da for quadrupoles 1 and 3.

The solvent delay was 5 min.

3. Results and Discussion

3.1. Optimization of the chromatographic and MS/MS conditions

The chromatographic conditions were optimized using a standard mixture to achieve the
efficient separation of the 17 target compounds (see conditions in section 2.2) in a 15
min run—shorter than current HPLC methods (Diaz-Garcia, Obén, Castellar, Collado,
& Alacid, 2013, Fischer, Carle, & Kammerer, 2011, Castellar, Collado, & Alacid, 2013
and Fischer, Carle, & Kammerer, 2011). Quantitation parameters for all compounds are

listed in Table 1.

Using the non-polar J&W DB-1HT column, the retention times of the target compounds
increased with the number of TMS groups. This behaviour has been previously
described in polyphenol studies, which have been analysed with similar non-polar
columns (Gao, Williams, Woodman, & Marriott, 2010 and Koupai-Abyazani, Creaser,
& Stephenson, 1992). Hence, higher retention times were observed for the compounds
with a disaccharide as the glycosidic unit versus those that had a monosaccharide unit
for polyphenols with the same aglycone. Moreover, aglycones had lower retention times
compared with the former two. Those studies also reported the retention order of TMS

silylated polyphenols with the same substituents as flavan-3-



189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

ol<chalcone<flavonone<isoflavone<flavonol<flavone. On this basis, the retention time

of anthocyanins appears to be close to that of chalcones.

3.2. Optimization of in-port derivatization

Trimethylsilyl derivatives are routinely used in GC to increase the volatility and thermal
stability of organic compounds carrying hydroxyl groups. In-this study, a prior
methoximation of the dry sample was performed in order to protect the carbonyl
groups—present in many of the structures—and to.enhance the derivatization yield of
the compounds. Moreover, the aprotic nature of pyridine, as a solvent that solubilizes
derivatives, protects the target analytes against hydrolysis. EtAcO and hexane were also
tested as alternatives to pyridine. The response obtained with these solvents diminished

(data not shown).

Following methoximation, the silylation conditions of the methoximated extract
prepared from a standard mixture of all target compounds were optimized in terms of
time (purge off), temperature (Figure 1a), and sample volume/MSTFA ratio (Figure 1b).
In this study, the sample and the derivatization reagent were sandwich injected
simultaneously. Previous studies reported optimum temperatures approximately 200 °C
for the in-port derivatization of compounds, such as (+)-catechin and (-)-epicatechin
(Vinas et al., 2011). However, at this temperature, a peak at the retention time of the
quercetin aglycone was observed for glycosylated polyphenols, such as quercetin
glycosides. This finding could be attributable to the breakage of the glycosylic bond,
thus yielding a signal for quercetin. Therefore, temperatures between 70 °C and 150 °C

were tested for the in-port derivatization of glycosylated polyphenols. This temperature

10
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range did not affect the method performance, as shown by a high response for
aglycones. The best results were obtained at 100 °C. The derivatization time ranged
between 0.5 and 5 min, yielding maximum performance at 3 min (Figure 1a). Using
these optimum conditions, the ratio of methoximated extract versus MSTFA volume
was optimized using 1:1, 1:2, 2:1, 2:3 and 3:2 volume ratios. Similar results were
obtained for 2:1 and 2:3 ratios using standards (Figure 1b). Analysis of variance
(ANOVA) showed that the most significant parameters in the optimization of in-port
derivatization at a 95 % confidence level were injection temperature and
sample:derivatization reagent ratio. As it is expected that the matrix may play a role in
the optimum ratio, both conditions were further studied in real sample matrices of the

fruits under study.

Sample matrices of different origin were spiked with all the target compounds at a
concentration between 1 and 10 pg/mL and injected into the GC system using the two
selected ratios for standards, mamely sample:MSTFA volume ratios of 2:1 and 2:3.
Figure 2 shows that the second condition led to a marked improvement in the detection
of polyphenols. This enhancement was especially high for most of the compounds in
raspberry jam. This could be attributable to this matrix containing a higher amount of
sugars, which interfere with the derivatization reaction of the target analytes. On the
other hand, a considerable decrease in response for phloretin 2'-O-glucoside, cyanidin-
3-0-glucoside, and cyanidin-3-O-rutinoside was observed in apple samples compared
with the other two fruit samples, likely due to the higher content of organic acids in this
matrix. Although a decrease was noticed for these three compounds in a certain matrix,
in general a considerable increase was observed in the responses for most of the
compounds when using a 2:3 ratio. This finding may be attributable to the fact that fruit

matrices contain a high concentration of co-extractives, such as sugars and organic
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acids, which reduce the derivatization efficiency of polyphenols. Consequently, a

sample:MSTFA volume ratio of 2:3 was used for further analyses.

3.3. Method performance

The performance parameters of the GC-MS/MS method for the optimized conditions
described in sections 3.1 and 3.2 were evaluated in terms of LOD, 1.OQ, and intra- and
inter-day repeatability (expressed as relative standard deviation), correlation coefficient
(r) and linear range as summarized in Table 2. In-this regard, LOD and LOQ were
calculated as the concentrations giving S/N=3"and S/N=10, respectively, for standard
solutions (due to the impossibility of spiking blank fruit samples, as they are natural
sources of the target compounds). Because of this, instrumental limits were lower for
low molecular weight compounds, namely aglycones, with LODs between 6-30 ng/mL
and LOQs between 20-100 ng/mL, increasing for those with a monosaccharide as a
glycoside unit and for those with a disaccharide as a glycoside unit (LOD<240,
LOQ<800 ng/mL), which in the case of the studied target compounds was rutinose. The
higher LOD and LOQ values obtained for higher molecular weight compounds could be
attributed to a lower derivatization yield due to the high number of hydroxyl groups
present in these molecules, with their consequent steric hindrance. We have previously
assayed off-line derivatization for glycosylated polyphenols, observing similar
behaviour (data not shown). The LODs for aglycones were very similar to those
reported in modern HPLC-DAD methodologies (<20 ng/mL) (Abad-Garcia, Berrueta,
Lépez-Marquez, Crespo-Ferrer, Gallo, & Vicente, 2007) and better than observed with

other previously published methods (Tsao & Yang, 2003). Although the efficiency of
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the derivatization decreases with the molecular weight, the described methodology
showed higher LODs than HPLC for glycosylated polyphenols, which for HPLC are
approximately 30 ng/mL using modern methods, and very similar or even better than
those reported by Tsao and Yang (2003). Repeatability was studied at two concentration
levels of the methoximated extract (1 pg/mL and 5 ug/mL). Upright %RSD values were
obtained for intra- and inter-day repeatability, ranging from 3 % to 12 % and from 5 %
to 18 %, respectively. Repeatability values are better for aglycones (<9 %), and they
generally increase with the molecular weight due to a loss of the derivatization
efficiency. Correlation coefficient values ranged from 0.973 t0 0.999. The linear range
in which calibration curves were studied showed the same behaviour as reported for the
limits of detection, where lower molecular weight species, namely (-)-epicatechin, (+)-
catechin and 5-caffeoylquinic acid allowed a greater linear range than glycosylated

species.

3.4. Matrix effects

In gas chromatography, matrix effects may occur in the injection port, where the
derivatization reaction takes place. Furthermore, the analytes of the matrix include
many co-extractives, mainly carbohydrates and organic acids, which compete for the
derivatization reagent. Matrix effects were therefore studied in order to determine the
feasibility of using an external standard calibration curve to quantify the analytes. The
matrix effects were assessed in three matrices of distinct origin (apple fruit, red plum
fruit, and raspberry jam) and were calculated by comparing the signal response obtained

when spiking a sample after extraction (at 1 pg/mL for aglycones and at 10 pg/mL for

13
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glycosylated polyphenols) with the signal response obtained from a standard solution at

the same concentration (Eq. 1).

Area post extraction spiked sample

%ME:( —1) X100

€]

Area of standard

A non-spiked sample was also analysed for each of the matrices in order to subtract the
signal produced for compounds already present in the sample. Forall the matrices, the
signal considerably decreased for compounds that gave a lower response, namely
glycosylated flavonols, anthocyanins, and procyanidin dimers, with the decrease being
especially noticeable for the first two. This can be explained by the fact that although an
increase in the ratio of derivatization reagent in the injection port gave an increase in the
response, it was not enough to achieve a response equivalent to the same concentration
of the compounds in the standard solution. In contrast, (-)-epicatechin, (+)-catechin, and
5-caffeoylquinic acid - showed the opposite behaviour, giving a slight signal
enhancement (<28 %). In general, enhancement could be attributed to the presence of
co-extractives, which mask the active sites in the chromatographic system, resulting in

lower adsorption of the analytes (generally in the liner) resulting in signal enhancement.

Moreover, the reproducibility of the derivatization reaction in the different matrices
over time under these conditions was not consistent, most likely because the injection of
a large amount of matrix components caused gradual accumulation of non-volatile
components in the GC system, resulting in the formation of new active sites and a
gradual decrease in analyte response (Rahman, Abd El-Aty, & Shim, 2013). According
to Schenck et al., two opposing phenomena should be considered when studying matrix

effects in GC. One is the degree of enhancement of the analyte response after repeated
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injections. The second is decreases in the responses as a result of a dirty injection liner
(Schenck & Lehotay, 2000). Considering these concerns, a clean-up step to reduce these

effects was studied.

3.4.1. SPE clean-up

In order to reduce the matrix effects and simultaneously improve the reproducibility of
sample analysis, a clean-up step using a C18 SepPak was introduced into the analytical
method (Wrolstad, et al., 2005). After being conditioned, the column was loaded with
the sample and washed with aqueous acid solution to remove carbohydrates and organic
acids. Finally, polyphenols were eluted with 1.5 mL of methanol (acidified at 1 %, v/v
with HAcO). Note that in some studies a 0.1 % HCI solution is used to elute
polyphenols. The acid tends to stabilize polyphenols, especially anthocyanins; however,
it can also cause acid hydrolysis during concentration to dryness (Wrolstad et al., 2005),
which is an essential step in GC analyses of the nature reported here. Consequently, a
weaker acid; HAcO, was used. To assess the suitability of performing a clean-up step
with a C18 cartridge, three matrices under study (apple fruit, red plum fruit, and
raspberry jam) were spiked before performing the SPE and the areas obtained for the
target polyphenols compared with those obtained for standard mixtures at the same
concentration. Table 3 shows that after applying the SPE clean-up, the signal improved
for all analytes (except cyanidin-3-O-rutinoside, which showed a slight decrease)
compared to the response obtained without this clean-up. Matrix effects for the other
compounds showed an enhancement generally below 20 %, except for phloretin 2'-O-

glucoside, which increased to 60 %. Given that matrix effects were highly reduced and
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controlled with the use of SPE, calibration by external calibration curve was used
because good correlation values were obtained for most of the analytes (Table 2). In
addition, the alternatives to this calibration would have been standard addition, which is
time-consuming and labour intensive, or the use of an internal standard, which was not
suitable because the derivatization and analytical performance of each of the target

compounds is very different.

Recoveries were assessed in three spiked matrices (at 1 ug/mg for aglycones and at 10
pug/mg for glycosylated polyphenols) applying the C18 SPE clean-up. Moreover, two
elution solvent combinations were studied to enhance recoveries after the clean-up
(Table 3). The main drawback of this clean-up step was that 5-caffeoylquinic acid
showed low recoveries (approximately 50 %) as it was partially washed off the column
with H,O. Recoveries for the other target compounds ranged from 66 % to 92 % and
from 77 % to 96 % when using methanol and methanol-EtOAc, respectively.
Recoveries generally improved when the elution with acidified methanol was followed
by EtOAc. This improvement was especially noticeable for the most apolar compounds,
such as flavonols ‘and flavonol glycosides, whereas anthocyanins and flavan-3-ols
showed little improvement. Consequently, the combination of 1.5 mL of MeOH and 0.5

mL of EtOAc was selected for further analyses.

3.6. Application to samples

The optimized methodology was applied to determine 17 target polyphenols in Golden
Delicious and Royal Gala apples, Blanquilla pears, and plum fruit as well as in

processed foods of fruit origin, namely, apple juice concentrate, natural peach juice
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from the Clingstone cultivar, a mixture of apple and peach juice, raspberry jam, and

cranberry juice (Table 4). All samples were analysed in triplicate.

All of the samples contained the flavan-3-ols (-)-epicatechin and (+)-catechin, which
were present at concentrations ranging from 1.3 to 2413.1 pg/g. A strong relationship
was observed between these compounds and their corresponding dimers, namely
procyanidin B2 and procyanidin B1, as previously reported in peach (Scordino,
Sabatino, Muratore, Belligno, & Gagliano, 2012) and apple (Tsao, Yang, Young, &
Zhu, 2003) samples. In addition, procyanidin B2 was the compound found at the highest
concentration (5187.3 pg/g) in a plum fruit sample. Although 5-caffeoylquinic acid
gave lower recoveries, most of the samples showed high concentrations of this
compound (1.9-4350.4 ug/g). Variable concentrations of quercetin glycosides were
detected only in apple and plum fruit, raspberry jam, and cranberry juice. In samples
containing flavonol glycosides, aglycone quercetin was consistently present, although
generally at very low concentrations (<5.4 pg/g). The other flavonols, namely
isorhamnetin-3-O-rutinoside and kaempferol-3-O-rutinoside, were detected only in
peach juice products, at low concentrations. The dihydrochalcone phloretin 2'-O-
glucoside was found only in apple-based products, both fresh fruit and juice. This result
is consistent with that reported by several authors (Spanos, Wrolstad, & Heatherbell,
1990). Anthocyanins were found only in samples which had been previously reported in
the literature, such as raspberry jam, cranberry juice, plum fruit, peach juice, and Royal
Gala apple (Welch, Wu, & Simon, 2008). The content fluctuated noticeably, ranging
from traces up to 58.5 pug/g and from 0.1 to 337.4 ug/g for cyanidin-3-O-galactoside
and cyanidin-3-0O-glucoside, respectively. Cyanidin-3-O-rutinoside was detected only in
plum fruit but at a concentration of 57.9 pug/g. These results support the theory that food

processing causes the degradation of polyphenols (Kahle, Kraus, & Richling, 2005). In
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this regard, the content of flavonols and flavan-3-ols decreased considerably between
fresh apple fruit and an apple juice concentrate. In the peach juice, which was prepared
by squeezing rather than from concentrate, such as the apple juice, the polyphenol
content was higher, giving notable concentrations of flavan-3-ols, flavonols, and

anthocyanins.

4. Conclusions

An analytical method consisting of injection-port derivatization coupled to gas
chromatography-tandem mass spectrometry was developed to determine 17 target
polyphenols, including glycosylated polyphenols, in various fruit matrices. The
chromatographic separation of the compounds was achieved in only 15 min, which is
faster than reported for recent HPLC methods able to analyse similar compounds.
Injection-port derivatization® was optimised at 3 min and 100 °C with a 2:3
sample:derivatization reagent ratio. LOD and LOQ were assessed for the target
compounds, giving values below 240 and 800 ng/mL, respectively. Repeatability
(%RSD at l'pg/mL and 10 pg/mL, n=5) was below 18 % for all the target compounds.
In addition, a clean-up step with a C18 SPE cartridge was necessary to reduce matrix
effects produced by the high abundance of sugars and organic acids co-extracted with
the target compounds and to prevent the rapid deterioration of the injection liner.
Finally, the method was applied to various fruit samples that are known sources of the
target compounds. The polyphenol contents of the samples ranged from traces up to

5187.3 pg/g (procyanidin B2 in plum fruit). To summarize, this method offers a new
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and fast alternative to HPLC to analyse target polyphenols in several fruit samples,

which is of great interest in food science.

Acknowledgements

The authors thank M. Llovera for technical assistance with GC-MS/MS.

19



413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

References

Abad-Garcia, B., Berrueta, L. A., Lépez-Marquez, D. M., Crespo-Ferrer, 1., Gallo, B.,
& Vicente, F. (2007). Optimization and validation of a methodology based on
solvent extraction and liquid chromatography for the simultaneous
determination of several polyphenolic families in fruit juices. Journal of
Chromatography A, 1154, 87-96.

Bizkarguenaga, E., Iparragirre, A., Navarro, P., Olivares, M., Prieto, A., Vallejo, A., &
Zuloaga, O. (2013). In-port derivatization after sorptive extractions. Journal of
Chromatography A, 1296, 36-46.

Campillo, N., Vinas, P., Férez-Melgarejo, G., & Herndndez-Cérdoba, M. (2015).
Dispersive liquid-liquid microextraction for the determination of flavonoid
aglycone compounds in honey using liquid chromatography with diode array
detection and time-of-flight mass spectrometry. Talanta, 131, 185-191.

Cao, X., You, Q.-D., Li, Z-Y., Wang, X.-J., Lu, X.-Y., Liu, X.-R., Xu, D., & Liu, B.
(2008). Recent progress of SRC family kinase inhibitors as anticancer agents.
Mini reviews in medicinal chemistry, 8, 1053-1063.

Delpino-Rius; A., Eras, J., Vilar6, F., Cubero, M. A., Balcells, M., & Canela-Garayoa,
R:(2015). Characterisation of phenolic compounds in processed fibres from the
juice industry. Food Chemistry, 172, 575-584.

Diaz-Garcia, M., Obon, J., Castellar, M., Collado, J., & Alacid, M. (2013).
Quantification by UHPLC of total individual polyphenols in fruit juices. Food

Chemistry, 138, 938-949.

20



437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

Ding, M., Yang, H., & Xiao, S. (1999). Rapid, direct determination of polyphenols in
tea by reversed-phase column liquid chromatography. Journal of
Chromatography A, 849, 637-640.

Docherty, K. S., & Ziemann, P. J. (2001). On-line, inlet-based trimethylsilyl
derivatization for gas chromatography of mono- and dicarboxylic acids. Journal
of Chromatography A, 921, 265-275.

dos Santos Pereira, A., Costa Padilha, M., & Radler de Aquino Neto, F. (2004). Two
decades of high temperature gas chromatography (1983=2003): what's next?
Microchemical journal, 77, 141-149.

Fischer, U. A., Carle, R., & Kammerer, D. R. (2011). Identification and quantification
of phenolic compounds from pomegranate (Punica granatum L.) peel, mesocarp,
aril and differently produced juices by HPLC-DAD-ESI/MS n. Food Chemistry,
127, 807-821.

Fiizfai, Z., & Molnar-Perl, L. (2007). Gas chromatographic—mass spectrometric
fragmentation study of flavonoids as their trimethylsilyl derivatives: Analysis of
flavonoids, sugars, carboxylic and amino acids in model systems and in citrus
fruits. Journal of Chromatography A, 1149, 88-101.

Gao, X., Williams, S. J., Woodman, O. L., & Marriott, P. J. (2010). Comprehensive
two-dimensional gas chromatography, retention indices and time-of-flight mass
spectra of flavonoids and chalcones. Journal of Chromatography A, 1217, 8317-
8326.

Ignat, L., Volf, L., & Popa, V. L. (2011). A critical review of methods for characterisation
of polyphenolic compounds in fruits and vegetables. Food Chemistry, 126,

1821-1835.

21



461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

Kahle, K., Kraus, M., & Richling, E. (2005). Polyphenol profiles of apple juices.
Molecular Nutrition & Food Research, 49, 797-806.

Kammerer, D., Claus, A., Carle, R., & Schieber, A. (2004). Polyphenol screening of
pomace from red and white grape varieties (Vitis vinifera L.) by HPLC-DAD-
MS/MS. Journal of Agricultural and Food Chemistry, 52, 4360-4367.

Koupai-Abyazani, M. R., Creaser, C. S., & Stephenson, G. R. (1992). Separation and
identification of flavone, flavonol, isoflavone and flavanone aglycones by
capillary column gas chromatography. Phytochemical Analysis, 3, 80-84.

Loots, D. T., van der Westhuizen, F. H., & Jerling, J. (2006). Polyphenol composition
and antioxidant activity of Kei-apple (Dovyalis caffra) juice. Journal of
Agricultural and Food Chemistry, 54, 1271-1276.

Malec, M., Le Quéré, J.-M., Sotin, H., Kolodziejczyk, K., Bauduin, R., & Guyot, S.
(2014). Polyphenol Profiling of a Red-Fleshed Apple Cultivar and Evaluation of
the Color Extractability and Stability in the Juice. Journal of Agricultural and
Food Chemistry, 62, 6944-6954.

Nerin, C., Salafranca, J., Aznar, M., & Batlle, R. (2009). Critical review on recent
developments in solventless techniques for extraction of analytes. Analytical and
Bioanalytical Chemistry, 393, 809-833.

Nolvachai, Y., & Marriott, P. J. (2013). GC for flavonoids analysis: Past, current, and
prospective trends. Journal of separation science, 36, 20-36.

Pic6, Y. (2013). Ultrasound-assisted extraction for food and environmental samples.
TrAC Trends in Analytical Chemistry, 43, 84-99.

Rahman, M. M., Abd El-Aty, A., & Shim, J.-H. (2013). Matrix enhancement effect: A
blessing or a curse for gas chromatography?—A review. Analytica chimica acta,

801, 14-21.

22



486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

Rio Segade, S., Orriols, L., Giacosa, S., & Rolle, L. (2011). Instrumental texture analysis
parameters as winegrapes varietal markers and ripeness predictors. International
Journal of Food Properties, 14, 1318-1329.

Rudell, D. R., Mattheis, J. P., & Curry, E. A. (2008). Prestorage Ultraviolet—White
Light Irradiation Alters Apple Peel Metabolome. Journal of Agricultural and
Food Chemistry, 56, 1138-1147.

Schenck, F. J., & Lehotay, S. J. (2000). Does further clean-up reduce the matrix
enhancement effect in gas chromatographic analysis of pesticide residues in
food? Journal of Chromatography A, 868, 51-61.

Schieber, A., Keller, P., & Carle, R. (2001). Determination of phenolic acids and
flavonoids of apple and pear by high-performance liquid chromatography.
Journal of Chromatography A, 910,265-273.

Scordino, M., Sabatino, L., Muratore, A., Belligno, A., & Gagliano, G. (2012). Phenolic
Characterization of Sicilian Yellow Flesh Peach (Prunus persical..) Cultivars at
Different Ripening Stages. Journal of Food Quality, 35, 255-262.

Spanos, G. A., Wrolstad, R. E., & Heatherbell, D. A. (1990). Influence of processing
and storage on the phenolic composition of apple juice. Journal of Agricultural
and Food Chemistry, 38, 1572-1579.

Tao; X., Sun, H., Chen, J., Li, L., Wang, Y., & Sun, A. (2014). Analysis of Polyphenols
in Apple Pomace using Gas Chromatography-Mass Spectrometry with
Derivatization. International Journal of Food Properties, 17, 1818-1827.

Tsao, R., & Yang, R. (2003). Optimization of a new mobile phase to know the complex
and real polyphenolic composition: towards a total phenolic index using high-
performance liquid chromatography. Journal of Chromatography A, 1018, 29-

40.

23



511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

Tsao, R., Yang, R., Young, J. C., & Zhu, H. (2003). Polyphenolic profiles in eight apple
cultivars using high-performance liquid chromatography (HPLC). Journal of
Agricultural and Food Chemistry, 51, 6347-6353.

Vinas, P., Martinez-Castillo, N., Campillo, N., & Herniandez-Cérdoba, M. (2011).
Directly suspended droplet microextraction with in injection-port derivatization
coupled to gas chromatography—mass spectrometry for the analysis of
polyphenols in herbal infusions, fruits and functional foods. Journal of
Chromatography A, 1218, 639-646.

Vinciguerra, V., Luna, M., Bistoni, A., & Zollo, F. (2003). Variation in the composition
of the heartwood flavonoids of Prunus avium by on-column capillary gas
chromatography. Phytochemical Analysis, 14,371-377.

Welch, C. R., Wu, Q., & Simon, J. E. (2008). Recent Advances in Anthocyanin
Analysis and Characterization. Current analytical chemistry, 4, 75-101.

Wrolstad, R. E., Acree, T. E., Decker, E. A., Penner, M. H., Reid, D. S., Schwartz, S.J.,
Shoemaker, C. F., Smith, D., & Sporns, P. (2005). Handbook of Food Analytical
Chemistry: Pigments, Colorants, Flavors, Texture, and Bioactive Food

Component: J. Wiley.

24



530

531

532
533

Tables

Table 1: GC-MS/MS retention time and selected transitions for the target polyphenols.

compound r.t. (min) | precursor ions (m/z) | product ions (m/z)* | collision energy (eV)*
(-)-epicatechin 7.82 368 249, 265 20
(+)-catechin 7.89 368 249, 265 20
5-caffeoylquinic acid 8.23%/8.59 345 73, 255 35,20
quercetin 8.72 647 73,575 60, 50
cyanidin-3-O-galactoside 9.67 382 73, 355 20, 35
cyanidin-3-O-glucoside 9.79 382 73, 355 20, 35
phloretin 2'-O-glucoside 9.83 342, 547 327,179 20,20
quercetin-3-O-galactoside 10.78 647 713,576 60, 50
quercetin-3-O-glucoside 10.89 647 73, 559 60, 60
quercetin-3-O-rhamnoside 11.12 647 73, 560 60, 50
epigallocatechin gallate 11.38 369 179, 281 35,20
cyanidin-3-O-rutinoside 12.38 382 73, 355 20, 35
procyanidin-B2 12.54 368 249, 191 20,20
procyanidin-B1 12.60 368 249, 191 20,20
kaempferol-3-O-rutinoside 12.76 502 487, 415 20, 50
quercetin-3-O-rutinoside 13.04 590, 575 575, 503 20, 50
isorhamnetin-3-O-rutinoside 13.06 532 517,487 20, 50

*Underlined values were used for quantification transitions.

® For 5-caffeoylquinic acid peaks corresponding to the two oximes formed during methoximation were observed.
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534  Table 2: Quality parameters for the analysis of polyphenol standards.

intra-day repeatability inter-day repeatability correlation linear range
(% RSD, n=5) (% RSD, n=5) coefficient g
LOD LOQ
d 1 L 5 pg/mL 1 L 5 pg/mL 'mL
compoun (ng/mL) (ng/mL) pg/m ng/ pg/m ng/ (r) (png/mL)
6 20 7 5 5 7 0.995 0.020-5.1
(-)-epicatechin
6 20 6 4 7 6 0.995 0.020-5.9
(+)-catechin
15 50 8 3 9 8 0.994 0.050-6.8
5-caffeoylquinic acid
. 30 100 7 4 9 7 0.999 0.163-10.4
quercetin
cyanidin-3-0- 30 100 8 6 12 10 0.982 0.114-14.4
galactoside
cyanidin-3-0- 30 100 9 5 14 11 0.986 0.114-17.2
glucoside
phloretin 2'-O- 30 100 7 4 10 8 0.990 0.114-11.2
glucoside
quercetin-3-O- 240 800 10 6 12 10 0.992 0.866-13.8
galactoside
quercetin-3-0- 240 800 11 7 15 10 0.980 0.772-12.4
glucoside
quercetin-3-O- 240 800 11 6 15 10 0.998 0.833-13.4
rhamnoside
epigallocatechin 100 300 8 4 11 9 0.973 0.174-11.2
gallate
cyanidin-3-0- 30 100 8 4 12 9 0.988 0.114-7.2
rutinoside
15 50 7 5 9 9 0.990 0.026-6.8
procyanidin-B2
15 50 7 3 8 7 0.992 0.043-5.6
procyanidin-B 1
kaempferol-3-O- 180 600 10 6 12 10 0.997 0.452-13.8
rutinoside
quercetin-3-0- 240 800 12 7 18 14 0.982 0.864-13.8
rutinoside
isoharmnetin-3-O- 100 300 9 6 11 8 0.997 0.362-8.4
rutinoside
535
536
537
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Table 3: M.E (%) and recoveries (%) obtained in three matrices spiked at 1 pg/mg for aglycones and at

10 pg/mg for glycosylated polyphenols.

M.E. (%) Recoveries (%)
compound without SPE clean-up with SPE clean-up 2 mL MeOH 1,5 mL MeOH + 0,5 mL EtOAc
(-)-epicatechin 10 13 92 96
(4)-catechin 11 14 90 94
5-caffeoylquinic acid 20 30 49 52
quercetin -36 30 66 84
cyanidin-3-0O-galactoside -70 19 78 83
cyanidin-3-0O-glucoside -70 23 76 77
phloretin 2"-O-glucoside -65 63 80 98
quercetin-3-0-galactoside -83 32 68 80
quercetin-3-0O-glucoside =72 23 72 83
quercetin-3-O-rhamnoside -67 23 75 88
epigallocatechin gallate -51 -9 71 91
cyanidin-3-O-rutinoside -86 10 80 85
procyanidin-B2 -19 8 88 88
procyanidin-B1 -20 6 76 82
kaempferol-3-O-rutinoside -37 20 75 86
quercetin-3-O-rutinoside -47 13 78 89
isorharnetin-3-O-rutinoside -52 12 80 92

% RSD (n=3) <25%.
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Table 4: Sample analysis expressed as pug/g (dry weight).

compound golden delicious royal gala pear plum fruit apple juice peach juice apple/ peach raspberry jam cranberry juice
juice
(-)-epicatechin 748.7+3.0 962.7 £19.3 24 £0.5 2413.1+£48.3 4.6+0.8 14.6+19 7.7+15 153.5+£5.2 58.5£8.5
(+)-catechin 272 4.1 52.8 £4.2 <LOQ 2773 £13.9 1.3+0.3 177.0+22.8 86.4+8.6 40+12 3.0+0.6
5-caffeoylquinic acid 3763.1+75.3 43504 +130.5 | 20.5+0.6 127.6 £ 16.6 868.7+29.5 | 3589.8+71.8 2514.7 £ 186.1 1.9+0.5 131.3+£215
quercetin <LOQ 54+1.6 <LOQ 6.9+0.7 <LOQ <LOQ <LOQ <LOQ 39.1 £6.3
cyanidin-3-0-galactoside n.d. 53.5+£2.7 n.d. 89.6 +4.7 n.d. n.d. <LOQ 13.0+2.1 29.2 +10.8
cyanidin-3-O-glucoside n.d. n.d. n.d. 3374 +£32.1 n.d. 1.5£0.2 1.1+0.3 332+42 n.d.
phloretin 2"-O-glucoside 455.2+455 113.8 £13.7 n.d. n.d. 347473 n.d. 73+2.0 n.d. n.d.
quercetin-3-0-galactoside 2.8+0.7 582 £3.7 n.d. 3.4+0.7 n.d. n.d. <LOQ n.d. 58.5+7.4
quercetin-3-0O-glucoside n.d. <LOQ n.d. <LOQ n.d. n.d. <LOQ <LOQ <LOQ
quercetin-3-O-rhamnoside 9.1 +0.39 20.6 £2.5 n.d. 47.5+14.0 <LOQ n.d. <LOQ 33+04 26.2+4.4
epigallocatechin gallate n.d. n.d. n.d. n.d. n.d. <LOQ <LOQ <LOQ n.d.
cyanidin-3-O-rutinoside n.d. n.d. n.d. 152.3+7.8 n.d. n.d. n.d. n.d. n.d.
procyanidin-B2 985.6 £39.4 1024.4 +£30.7 n.d. 5187.3+£544.7 <LOQ 490.1 +16.7 10.0+14 n.d. 34.6 £7.6
procyanidin-B1 268.3 +34.9 270.0 £43.2 n.d. 231.0+37.2 n.d. 233 +2.8 317.2+67.6 n.d. n.d.
kaempferol-3-O-rutinoside n.d. n.d. n.d. <LOQ n.d. 4.3+0.5 2.7+£67.6 n.d. n.d.
quercetin-3-O-rutinoside n.d. n.d. n.d. 579 £3.1 n.d. n.d. n.d. n.d. n.d.
isorhamnetin-3-O-rutinoside n.d. n.d. n.d. n.d. n.d. 10.1 £ 1.0 4.7+14 n.d. n.d.

Values are mean =+ standard deviation (n=3).

n.d.: not detected; <LOQ: detected but with a S/N<10.
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Figure captions

Figure 1: Optimization of in-port derivatization in terms of: A) temperature and time and B) sample:MSTFA volume ratio. *: Shows conditions

found to be statistically different (95% confidence level):

Figure 2: Effect of the sample:MSTFA ratio on response variation for each of the target compounds in three matrices spiked with standards. Data

are presented as relative percentage between responses resulting from 2:3 versus 2:1-ratio.
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Glycosylated and non-glycosylated polyphenols were analysed by GC-MS/MS.
Injection port derivatization was optimized in different parameters.

A C18 SPE clean-up was used to reduce matrix effects.

The target analysis was applied to several fruit samples.
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