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Abstract: Natural phenol and phenolic acids are widely distributed in the plant kingdom and the
major dietary sources include fruits and beverages derived therefrom. Over the past decades, these
compounds have been widely investigated for their beneficial effects on human health and, at
the same time, several analytical methods have been developed for their determination in these
matrices. In the present paper, 19 different aromatic carboxylic acids and phenols were characterized
by GC-MS using ethyl chloroformate as the derivatizing agent. This procedure occurs quickly at
room temperature and takes place in aqueous media simultaneously with the extraction step in
the presence of ethanol using pyridine as a catalyst. The analytical method herein developed and
validated presents excellent linearity in a wide concentration range (25-3000 ng/mL), low LOQ (in
the range 25-100 ng/mL) and LOD (in the range 12.5-50 ng/mL), and good accuracy and precision.
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Academic Editor: Victoria
Samanidou 1. Introduction

Natural phenolic compounds comprise several bioactive phenols and phenolic acids
whose benefits to human health are widely described [1,2]. In vitro and in vivo studies
have clearly shown that these molecules may be active against a range of pathologic
conditions. Several studies have indeed shown an inverse correlation of phenolic acid
intake and metabolic syndrome, type-2 diabetes, hypertension [3-5], non-alcoholic fatty
liver disease [6], and impaired cognition.

Aromatic carboxylic acids and phenols are widely distributed in nature and the major
dietary sources include fruits, cereals, and legumes, as well as beverages (coffee, tea, wine,

and fruit juices) [7,8]. They can be found in plants as free aglycones and bound to sugars,
organic acids, and polymers mainly as esters and ethers.

From a structural point of view, phenolic acids contain a phenyl ring and a carboxylic
acid moiety and are generally classified as benzoic acid or cinnamic acid derivatives. Given
This article is an open access article  these basic skeletons, the number and position of hydroxyl groups generate the array of
distributed under the terms and  the naturally occurring phenolic acids [9-13].
conditions of the Creative Commons Over the years, several analytical methods based on chromatographic (GC-MS and
Attribution (CC BY) license (https:// ~ HPLC coupled with various detectors) and electrophoretic techniques have been developed
creativecommons.org/ licenses /by / for the determination of these compounds in food matrices [14-21]. Among these methods,
40/). those based on GC-MS are characterized by high sensitivity and have the advantage that
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compounds may be identified by using MS libraries and resources for structure elucidation.
Given their chemical structure, derivatization before GC-MS is an essential preparatory step
for the analysis of phenolic compounds: It reduces their polarity while increasing volatility
and thermal stability. Silylation is perhaps the most versatile derivatization procedure.
However, a major point is that these reactions are moisture-sensitive and must be carried out
in an anhydrous, or water-free, environment. This requires an additional drying step of the
extracts. In contrast to silylation, derivatization with alkyl chloroformates proceeds directly
in aqueous media, typically in the presence of the corresponding alcohol using pyridine
as a catalyst [22]. A further advantage of this derivatization procedure is that it occurs
quickly at room temperature, simultaneously with the extraction step. In addition, the
overall reaction requires a small amount of low-cost reagent. Nevertheless, MS information
of ethoxycarbonyl derivatives of natural compounds is not adequately represented in
available spectra libraries for GC-MS platforms based on electron ionization (EI). Thus, in
this paper, we developed and validated a GC-MS method for the simultaneous quantitative
analysis of 19 different free phenolic compounds. As a proof of concept, this method
was applied to the analysis of commercial fruit juices, selected among those particularly
rich in phenolic compounds. To the best of our knowledge, this study provides the first
ethyl chloroformate (ECF) derivative library containing mass spectral information for the
phenolic compounds tested.

2. Materials and Methods
2.1. Reagents and Standards

Standard aromatic carboxylic acids and phenols, ethyl chloroformate, n-alkane mixture
(C10-C40), and organic solvents were purchased from Merck (Darmstadt, D). Standard
stock solutions were prepared by dissolving aromatic carboxylic acids and phenols and
internal standard in ethanol. The calibration curves were performed by diluting the stock
solutions in water adjusted to pH 3.5 with diluted citric acid.

2.2. Extraction/Derivatization Procedure

A total of 0.25 mL of fruit juice (clarified as described below) containing 200 ng of
methyl-heptadecanoate as internal standard were made alkaline (pH > 9) through the
addition of NaHCOj3 (200 uL, 1 M). Hexane (2 mL) and ECF (100 L) were added to this
solution and then 200 uL of ethanol/pyridine 1:1 were slowly added. After 2 min shaking,
the organic phase was removed, and a second extraction was carried out with hexane
(2 mL) and 20 pL of ECFE. The hexane extracts were combined and dried under a nitrogen
stream. The sample was dissolved in 75 pL of chloroform and analyzed by GC-MS.

The same procedure was applied to the standard solutions (in acidic water) used
for the development of the analytical method. Non-isothermal Kovats retention indices
(RI) of the derivatized standard molecules were determined according to the following
equation: RIy = 100n + 100(tx — tn)/(tn+1 — tn), where t, and ty41 are the retention times
of the reference n-alkane hydrocarbons eluting immediately before and after chemical
compound “X” and ty is the retention time of compound “X”

The extraction efficiency was tested with hexane, ethyl acetate, chloroform, and diethyl
ether using methyl-heptadecanoate as the internal standard.

2.3. Gas Chromatography—Mass Spectrometry

GC-MS analyses were carried out using an Agilent 7890B gas chromatograph equipped
with a 5977B quadrupole MS detector (Agilent Technologies, Palo Alto, CA, USA). Chro-
matographic separations were carried out with an Agilent HP5ms fused-silica capillary
column (30 m x 0.25 mm i.d. x 0.25 um). Injection: splitless, 260 °C. Injection volume
1 pL. Column temperature program: 70 °C (1 min) then increased to 300 °C at a rate of
15 °C/min and held for 5 min, solvent delay: 7 min. Helium (1.0 mL/min) was used as
the carrier gas. The spectra were obtained at 70 eV ionization energy; ion source 280 °C;
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MS transfer line 280 °C; ion source vacuum 10~° Torr. MS analyses were carried out in TIC
(mass range scan: m/z 50— m/z 650; rate: 0.42 scans s’l) and SIM mode.

2.4. Method Validation

Calibrations were carried out with increasing quantity of a mixture of 19 phenolic
compound standards to 0.25 mL of acidic water (1% citric acid) containing 200 ng of methyl-
heptadecanoate as internal standard. These samples were extracted and derivatized with
ECF as described in the previous section.

Calibration plots were carried out in the range of 25-3000 ng/mL (six calibration
points). For each concentration tested, three replicate analyses were carried out. The
calibration curves were obtained by plotting the ratio between the analyte and the internal
standard areas versus the analyte concentration.

Accuracy and precision were evaluated using a blueberry juice spiked with 19 phenolic
compounds at two different final concentrations (200 ng/mL and 2000 ng/mL), analyzing
five replicates for each concentration in the same day. Spiked and unspiked fruit juice
samples were derivatized with ECF and then analyzed by GC-MS.

Standard recovery experiments were used to evaluate the accuracy of the method:
The recovery (%) was obtained by comparing the amount found versus the amount added.
The same samples were also used to evaluate the precision of the method, expressed as %
relative standard deviation (% RSD).

The limit of detection (LOD) and the limit of quantification (LOQ) were determined by
the analysis of solutions with decreasing amounts of aromatic carboxylic acids and phenols.
For each analyte, LOD was taken at S/N = 3, whereas LOQ was set to S/N = 10.

2.5. Fruit Juice Analysis

Aromatic carboxylic acids and phenols were measured in 12 different commercial fruit
juices. Fruit juices were selected among those known to be richest in phenolic compounds:
blueberry, pomegranate, apple, grape, and mixed red fruits (goji, raspberry, redberry red
currant) [23].

Prior to the extraction/derivatization procedure, 2 mL of fruit juice were clarified by
adding 100 mg of inert, insoluble, and highly pure diatomaceous earth (Sartorius) as a filter
aid. The mixture was loaded into a 5 mL disposable syringe and filtered to obtain a clear
juice. The filtered and unfiltered juices were analyzed by GC-MS to evaluate the effect of
the clarification step on the phenolic compound content.

3. Results and Discussion
3.1. GC-MS Characterization of ECF Derivatives

In this paper, we developed a fast analytical method for the determination of free
aromatic carboxylic acids and phenols in a selection of commercial fruit juices by using
ethyl chloroformate as the derivatizing agent.

Unlike the other derivatizing agents, chloroformates are able to react directly in
aqueous media during the extraction step. This derivatization, which occurs at alkaline
pH values in the presence of ethanol, is typically very fast and needs pyridine as a catalyst.
During the extraction/derivatization procedure, phenol hydroxyl groups are converted
into ethoxycarbonyl derivative, whereas carboxyl moieties are converted into ethyl esters
(Scheme 1) [24].

Mass spectra analyses of the derivatized molecules show that the molecular ion M*
was always present, although with very different relative abundances. This helped with the
correct identification of the analyte, considering that most of these spectra are not present
in the NIST2017 library, nor in other available public resources.

A typical feature of many of the reported EI mass spectra (Table 1 and Figure S1 in
Supplementary Materials) was the presence of an [M-45]* ion corresponding to the loss of
"OC,H5 radical from the M*" ions. In addition, a peak due to the loss of ethoxycarbonyl
radical ‘CO,C,Hj5 corresponding to the ion [M-73]* or [M-72]* (perhaps due to the proto-
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nated phenol cation instead of the corresponding cation radical) was also typical of many
of these fragmentation patterns.

HO._O O__O.__CHz
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O

Scheme 1. Derivatization of p-coumaric acid with ethyl chloroformate.

Table 1. Retention time (RT), retention index (RI), and main ions present in the mass spectra of ECF
derivatives of phenolic compounds.

No. Compound RT (min) RI Mt Ions, m/z (% Relative Abundance)

1 Benzoic acid 5.95 1179.1 150 (6) 105 (100); 122 (50); 77 (49); 51 (17)

2 Trans-cinnamic acid 8.66 1480.2 176 (32) 131 (100); 103 (48); 77 (29); 147 (16)

3 3-(dimethylamino)benzoic acid 9.82 1622.4 193 (97) 164 (100); 165 (40); 192 (32); 120 (26)

4 3,4-dimethoxybenzoic acid 10.18 1670.7 210 (75) 165 (100); 182 (25); 79 (14); 166 (12)

5 Resorcinol 10.95 1774.0 254 (3) 110 (100); 82 (10); 111 (8); 81 (8); 182 (8)

6 2-hydroxybenzyl alcohol 11.16 1802.4 268 (1) 106 (100); 78 (55); 107 (27); 77 (16); 196 (11)

7 4-(diethylamino)benzoic acid 11.63 1872.0 221 (31) 206 (100); 178 (27); 176 (19); 150 (14)

8 Vanillic acid 11.89 1910.5 268 (7) 151 (100); 196 (50); 168 (36); 152 (15); 123 (12)

9 Phloretic acid 11.99 1925.3 266 (11) 120 (100); 107 (96); 123 (32); 135 (30); 194 (21)
10 Homovanillic acid 12.37 1981.5 282 (8) 137 (100); 210 (29); 138 (11); 165 (8)

11 Tyrosol 12.51 2002.4 282 (1) 120 (100); 107 (18); 121 (18); 192 (14); 91 (11)
12 P-coumaric acid 12.81 2051.3 264 (16) 147 (100); 120 (45); 192 (44); 164 (20); 91 (18)
13 Syringic acid 13.05 2090.4 298 (5) 226 (100); 181 (73); 198 (31); 225 (15); 211 (14)
14 Gentisic acid 13.55 2171.7 326 (1) 136 (100); 164 (36); 182 (28); 135 (22); 137 (18)
15 Homoprotocatechuic acid 13.80 2213.3 340 (2) 123 (100); 196 (43); 151 (27); 224 (13); 122 (12)
16 Ferulic acid 13.90 2230.9 294 (21) 222 (100); 177 (59); 150 (53); 145 (34)

17 Isoferulic acid 14.06 2258.9 294 (48) 222 (100); 177 (93); 150 (52); 147 (28)

18 Dihydrocaffeic acid 14.45 2327.3 354 (4) 136 (100); 123 (65); 210 (48); 135 (47); 164 (32)
19 Caffeic acid 15.19 2462.0 352 (5) 208 (100); 163 (90); 136 (56); 180 (52); 134 (44)

The analysis of the fragmentation profiles allowed the selection of the target ions to be
used for the development of the analytical method. In this case, the selected target ions
were always those that had the highest relative abundance (100%).

3.2. Optimization of the Method

The analytical method was developed starting from a mixture of standard molecules
in the aqueous phase, to which 1% citric acid was added. Citric acid is the most abundant
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organic acid in fruit juices, and it can interfere in the development of the method, as it
carries three carboxylic groups, each of which can react with ECE.

Derivatization with ethyl chloroformate occurs during the extraction process with the
organic solvent directly in the aqueous phase at alkaline pH in the presence of pyridine
(catalyst) and ethanol. For the development of the analytical method, the optimization of
each of these steps was necessary. We selected the following set of conditions to be used as
a starting point for method optimization: 0.25 mL aqueous standard mixture containing
1500 ng/mL of each analyte, 50 uL. NaHCO3 1 M, 50 uL ethanol:pyridine (1:1), 50 uL ECF
in 2 mL hexane, 50 uL IS (methyl heptadecanoate, 4 ng/uL).

Hexane was selected as the extraction solvent based on previous literature reports that
clearly show it is particularly suitable for this kind of derivatization [24].

The standard mixture has a pH of approximately 3.5. Since the derivatization reaction
occurs in a basic environment, we tested whether bicarbonate concentration could affect
the derivatization process and the results are shown in Figure 1.

0.20 mL NaHCO3; 1M 0.20 mL ECF 0.40 mL EtOH/pyr 1:1

0.2 mL EtOH/pyr 1:1

caffeic acid

dihydrocaffeic acid

isoferulic acid

ferulic acid
homoprotocathecuic acid
gentisic acid

syringic acid

p-coumaric acid
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phloretic acid
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4-dimethylamino benzoic acid
2-hydroxybenzyl alcohol
resorcinol

3,4 dimethoxybenzoic acid
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trans-cinnamin acid

benzoic acid

[ 0.15 mL NaHCO; 1M [ 0.15 mL ECF [ 0.20 mL EtOH/pyr 1:1
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Figure 1. Effect of NaHCO3, ECF, and ethanol/pyridine concentrations on the derivatization of
aromatic carboxylic acids and phenols. Values are the mean + SD of three independent extrac-
tion/derivatization experiments. Values are reported as %.

For all the analytes, the highest response was obtained by adding a four-fold amount
of the starting 1 M bicarbonate solution (200 pL vs. 50 puL) (Figure 1). In the development
of the method, increasing concentrations of ECF (up to 200 uL) were also tested. The results
show that the lowest concentration tested (50 uL) was sufficient for complete derivatization
of the analytes (Figure 1). However, considering that fruit juices can have a somewhat
variable composition, we decided to use an amount of ECF of 100 pL.
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Pyridine acts as a catalyst, and it is necessary for the reaction, whereas ethanol is
needed for the esterification of the carboxylic group or alkylation of phenol hydroxyl
groups. We tested ethanol/pyridine solutions at different ratios and concentrations and the
best derivatization yields were obtained using 200 pL of ethanol/pyridine 1:1 (Figure 1).

We also tested whether a further extraction step could improve the yields. For this
purpose, different solvents were used, namely, chloroform, diethyl ether, ethyl acetate,
and hexane. Hexane was the best. In this step, we observed that further addition of
ethyl chloroformate (20 pL) significantly improved the extraction/derivatization yields
for all the tested analytes. On the other hand, no improvement was obtained with a third
extraction step.

Once the derivatization method was established, the best chromatographic conditions
were selected. The GC oven ramp was adjusted to ensure the best resolution and complete
separation of the analytes was achieved within 16 min (Figure 2). The chromatogram shows
that there were no peaks related to partially derivatized species.
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Figure 2. GC-MS-SIM chromatogram of a standard mixture of aromatic carboxylic acids and phenols
derivatized with ECF.

3.3. Method Validation

For the validation of the analytical method, linearity, precision, and accuracy, LOD
and LOQ were determined according to method performance validation guidelines [25].
The results are reported in Table 2.

The linearity of the method was assessed by analyzing standard solution mixtures
at six different concentrations for each analyte. The calibration curves were obtained by
plotting the ratio analyte/internal standard areas versus analyte concentration after the
extraction/derivatization procedure. For most of the analytes, the calibration curves were
linear in the range of 25-3000 ng/mL. For all the studied compounds, the linear regression
coefficients (R?) were higher than 0.99, which indicates good linearity.

Accuracy, given as the recovery (percentage) of the expected concentration, was tested
for each analyte at two concentrations (200 ng/mL and 2000 ng/mL). The recovery was
always >95% except for tyrosol (>85%) (n = 3). Concerning precision, all the % RSD values
obtained fell within the criteria accepted in bioanalytical method validation, being lower
than 10% even when tested on different days (data not shown) [25].

LOD and LOQ were determined to test the sensitivity of the method. As reported
in Table 2, LOQ was in the range 25-50 ng for all the analytes (except for p-coumaric
acid), whereas the LOD value was always between 12.5 ng and 50 ng. For the following
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compounds—4-(dimethylamino) benzoic acid, vanillic acid, phloretic acid, tyrosol, homo-
protocatechuic acid, ferulic acid, isoferulic acid, and dihydrocaffeic acid—LOQ and LOD
values were the same (50 ng). In these specific cases, at S/N = 3, it was not possible to
identify these molecules in a reliable way.

Table 2. Validation parameters.

Range 2 LOQ (LOD) Concentration Accuracy Precision
Compound (ng/mL) Slope Intercept R (ng/mL) (ng/mL) (Recovery %) (RSD %)
o5 200 103.91 7.16
Benzoic acid 25-3000 0.0001 0.0575 0.9952
(12.5) 2000 101.05 8.96
50 200 102.87 297
Trans-cinnamic acid 50-3000 0.0003 —0.0097 0.9985
(25) 2000 104.05 8.44
. . 200 98.89 6.38
3-(dimethylamino) 25-3000 00003  —0.0018  0.9968 25
benzoic acid (12.5) 2000 97.76 7.04
' o o5 200 101.82 8.90
3,4-dimethoxybenzoic acid 25-3000 0.0003 0.0031 0.9993 125
(12.5) 2000 97.51 7.43
o5 200 100.94 453
Resorcinol 25-3000 0.0018 0.0076 0.9997 195
(12.5) 2000 99.87 2.75
05 200 99.86 7.41
2-hydroxybenzyl alcohol 25-3000 0.0012 0.0252 0.9994 12
(12.5) 2000 101.60 8.20
: : 200 96.25 8.47
4-(dimethylamino) 50-3000 00006  —0.0200  0.9987 0
benzoic acid (50) 2000 97.67 5.04
50 200 101.30 6.25
Vanillic acid 50-3000 0.0004 —0.0075 0.9997 50
(50) 2000 100.13 7.95
50 200 96.56 9.33
Phloretic acid 50-3000 0.0004 —0.0346 0.9965
(50) 2000 95.16 1.74
50 200 99.34 5.39
Homovanillic acid 50-3000 0.0010 —0.0366 0.9984 25
(25) 2000 95.13 244
50 200 86.97 7.94
Tyrosol 50-3000 0.0006 —0.0654 0.9958 50
(50) 2000 85.12 7.46
100 200 102.85 8.35
P-coumaric acid 100-3000 0.0003 —0.0561 0.9932
(50) 2000 98.78 3.64
o o5 200 102.24 413
Syringic acid 25-3000 0.0002 0.0015 0.9999 12.5
(12.5) 2000 104.65 3.46
50 200 102.64 8.42
Gentisic acid 50-3000 0.0004 —0.0320 0.9976 25
(25) 2000 103.96 9.09
o 50 200 98.45 5.44
Homoprotocatechuic acid 50-3000 0.0004 —0.0425 0.9951
(50) 2000 100.68 5.12
50 200 98.13 341
Ferulic acid 50-3000 0.0001 —0.0136 0.9967
(50) 2000 102.14 2.90
50 200 99.68 5.62
Isoferulic acid 50-3000 0.0001 —0.0098 0.9966 50
(50) 2000 102.16 3.86
. o 50 200 101.05 449
Dihydrocaffeic acid 50-3000 0.0002 —0.0262 0.9933
(50) 2000 98.90 6.32
o5 200 98.71 5.80
Caffeic acid 25-3000 0.0003 —0.0186 0.9972

(12.5) 2000 98.49 2.24
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3.4. Fruit Juice Analysis

Fruits juices contain several health-promoting factors, including phenolic acids, flavonoids,
and vitamins. It is reported that phenolic acids may provide protection against several
chronic diseases. Some typical low-molecular-weight aromatic carboxylic acids and phe-
nols have been reported to exert beneficial effects on human health as antioxidant [26,27],
antitumor [1,28], anti-inflammatory [29], and anti-microbial agents [9].

According to several literature reports, the fruit juices that have the greatest concentra-
tions of aromatic carboxylic acids and phenols are those derived from berries, pomegranate,
and apple [23,30,31]. To evaluate the applicability of the method here developed, as a proof
of concept, 12 of these fruit juices were investigated.

Before the extraction/derivatization procedure, all fruit juices were clarified by filtra-
tion with diatomaceous earth. This step does not alter the phenolic compound composition
of the juices (Figure S2 in Supplementary Materials) but removes the particulates, making
sample handling easier (especially for very dense juices such as blueberry).

As shown in Table 3, in the selected commercial juices the percentage of fruit varied
from 25% to 100%. Some of them were also made up of a single fruit, whereas others were
blends of several fruits. This difference in composition was reflected in the relative content
of phenolic compounds. This may have been due to differences in fruit source, ripeness,
storage time and conditions, and differences in fresh fruit processing. The data reported in
Table 3 are in good agreement with those reported for the fresh fruits and the juices derived
therefrom [23,30,31]. This was particularly clear in juices #2 and #9, which had a similar
percentage of cranberry (20% and 24%, respectively), which is one of the richest fruits
in benzoic and phenolic acids [31,32]. Our results show that they both had a very high
quantity of benzoic acid, up to 46 times higher than all the other juices analyzed. Indeed,
benzoic acid is the major aromatic carboxylic acid present in fresh cranberry fruit (up to
4.7 g/kg) [31]. To accurately measure this compound, fruit juices #2 and #9 were diluted
25 times. Similarly, other phenolic acids (vanillic acid, p-coumaric acid, syringic acid, and
caffeic acid) particularly abundant in this fresh fruit were equally abundant in juices #2
and #9 [33]. Of all the juices analyzed, those containing cranberry had a total concentration
of the free aromatic carboxylic acids and phenols tested up to 15 times higher than other
juices (three times excluding benzoic acid).

Excluding juices #2 and #9, all the other juices tested had a quantity of free aromatic
carboxylic acids and phenols ranging between 3009 and 6424 ng/mL. Some phenolic
compounds (2, 3, 6, 14, and 18, Table 1) were not present in any of the juices analyzed and
therefore are not reported in Table 3. Although numerous aromatic carboxylic acids and
phenols were characterized in the present work, gallic acid (typically present in various
fruits and derived juices) was not included, as adequate validation parameters were not
met using the extraction/derivatization protocol here developed. Most likely the presence
of three adjacent hydroxyl groups made the derivatization procedure of this molecule
less efficient.
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Table 3. Fruit juice analysis (values are the mean of two measurements). Juices #2 and #9 were

analyzed after dilution.

Fruit Juices
Number #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12
Fruit Content (%) 40 100 40 50 100 25 50 100 100 100 100 100
8 < ° o ° g 8
9 2o B s s aEe & o ge o g g2
2 S5 5 a2 s cS933y I iy S o= a 0 ]
o CE-R 2 5 & &b O Jg_g et ~ & 0g?° o P 8 &
cee o = ] o R o < = & 0O < = o
Composition (%) = 32 ] g < £ T es 3 S = g<g
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Benzoic acid 1334 48976 864 542 869 645 947 2105 63763 2101 1469 1220
3/&-dimethoxy 121 99 nd 45 80 88 nd 18 nd nd 58 nd
enzoic acid
Resorcinol nd nd nd nd nd nd nd nd nd nd 84 40
4-(dimethylamino) nd 188 nd nd nd 106 290 98 247 105 793 nd
benzoic acid
Vanillic acid 450 1160 199 199 305 360 183 199 1250 97 167 114
Phloretic acid nd 408 nd nd nd 240 492 230 514 198 1223 nd
Homovanillic acid nd nd nd nd nd nd nd 98 nd 96 nd nd
Tyrosol 305 323 282 300 336 328 289 256 335 274 nd nd
P-coumaric acid 799 3631 837 784 733 730 980 722 5550 599 nd 578
Syringic acid 2016 1576 675 74 117 546 389 123 901 109 35 86
HomOPr;’Z?gateCh”‘c 365 385 351 334 379 nd 368 361 479 334 589 365
Ferulic acid nd nd nd nd nd nd nd 463 810 435 474 nd
Isoferulic acid 392 597 459 328 385 nd 279 nd 1112 nd 302 396
Caffeic acid 642 1022 661 403 236 347 465 302 1180 256 626 258
Total (ng/mL) 6424 58365 4328 3009 3440 3390 4682 5005 76141 4604 5820 3057

4. Conclusions

In this paper, we developed a fast analytical method for the analysis of aromatic
carboxylic acids and phenols in a selection of commercial fruit juices based on the derivati-
zation of these molecules with ECF. This method is sensitive, specific, and characterized
by low LOD and LOQ values. Precision and accuracy are in conformity with the criteria
normally accepted in methods validation: The recovery is total with RSD% lower than 10.

The method here reported provides a future blueprint for the development of new
GC-MS methods based on chloroformates aimed at the characterization of beverages and
food matrices.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/separations9010009 /51, Figure S1: Electron impact (70 eV) mass spectra of aromatic carboxylic
acids and phenols extracted/derivatized with ECF, Figure S2: Effect of filtration with diatomaceous
earth on the content of aromatic carboxylic acids and phenols in blueberry juice.
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