
A simple, rapid, and reliable reversed-phase high-performance
liquid chromatographic method for the analysis of 16 amino acids of
main interest in commercial fruit juices (pear, orange, grapefruit,
pineapple, peach, and apricot) is described. No sample cleanup is
required. The pH of the fruit juices is adjusted to alkaline value (8.5)
using 200mM borate buffer, then amino acid is converted to stable
derivatives using 9-fluorenylmethyl-chloroformate. The excess of
derivatization reagent is removed by a hydrophobic amine,
1-amino-adamantane hydrochloride. The derivatization procedure
is simple, fast, and described in detail. Amino acids are detected
at 263 nm and eluted within 35 min. The calibration, precision
(≤ 6.1%), and recovery (102% ± 4%) of the method are reported.
The conditions of separation are optimized; however, serine
partially overlapped with aspartic acid. The amino acid profile of
fruit juices is consistent with data from the literature.

Introduction

Amino acids, a class of biologically active compounds present in
food and beverages, are important for human nutrition (1) and
affect the quality of foods including taste, aroma, and color (2–4).
Amino acids are useful markers to define fruit juice genuineness;
however, their use is complicated by the natural variability of fruit
compositions (5,6). Proline (PRO) has already been included
within the European regulatory values for testing the authen-
ticity of fruit juices and nectars (7).

There is an ongoing interest in the development of a reliable,
rapid, and accurate method of analysis to assess the quality of
foods for nutritional and regulatory purposes. Many analytical
methods have been proposed for the analysis of amino acids,
including gas chromatography (8,9), high-performance liquid
chromatography (HPLC) (10), and capillary electrophoresis
(11,12). Amino acids present in foods are usually analyzed after
their derivatization. Reversed-phase HPLC with precolumn
derivatization is preferred because of the short time, simple

instrumentation, and low cost required. Typical reagents for pre-
column derivatization are phenylisothiocyanate (PITC); o-phtha-
laldehyde (OPA); 9-fluorenylmethyl-chloroformate (FMOC-Cl);
1-fluoro-2,4-dinitrobenzene; 1-fluoro-2,4-dinitrophenyl-5-L-ala-
nine amide; and dansyl-chloride (10). Each of these reagents have
particular advantages and limitations. Among them, only PITC
and OPA are widely used for the analysis of amino acids. FMOC-Cl
has been used in combination with 1-amino-adamantane
hydrochloride (ADAM) for the analysis of FMOC–amino acids
(FMOC–AA) in protein hydrolysates, coffee beans, and algae
(13–17). In fact, ADAM is a hydrophobic amine that reacts with
FMOC-Cl in excess only to form a complex (FMOC-ADAM), thus
allowing for the reduction of the chromatographic interference of
FMOC-OH formed in ambient alkaline.

In this study, an HPLC method for the analysis of selected
amino acids in fruit juices without sample cleanup was developed
and validated. The use of FMOC-Cl (in combination with ADAM)
for the analysis of amino acids as FMOC derivatives in fruit juices
is reported for the first time.

Experimental

Chemicals
Hydrochloridic acid, (Carlo Erba, Milano, Italy), sodium

hydroxide, sodium acetate, sodium borate, HPLC-grade acetoni-
trile, chlorure and carbonate buffers (Merck, Darmstad,
Germany), FMOC-Cl, and ADAM (Sigma, Milano, Italy) were
obtained from commercial sources.

Standards and sample preparation
Standards of amino acids (Sigma) were dissolved in 0.01M

hydrochloridic acid, then derivatized (as will be described) and fil-
tered through a 0.45-µm polytetrafluorethylene (PTFE) mem-
brane (Gyrodisc, Orange Scientific, Waterloo, Belgium) prior to
HPLC analysis. The molar absorptivity (ε) of each derivatized
amino acid (FMOC–AA, Sigma) was determined according to the
Lambert-Beer law (A = εbc). The absorbance at 263 nm was mea-
sured within the range of linearity using a Uvikon XS spec-
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trophotometer (Uvikon, Milano, Italy), and each amino acid was
dissolved in a mixture of acetonitrile–acetate buffer whose com-
position resembled the mobile phase that occurred at the time of
peak (amino acid) elution during the HPLC run.

Commercial fruit juices (pear, orange, grapefruit, pineapple,
peach, and apricot) obtained from the local markets were cen-
trifuged at 1500 g for 15 min at 4°C (ALC4239R, ALC
International, Milano, Italy). The supernatant was derivatized and
then filtered using a 0.45-µm PTFE membrane before injection in
HPLC. The composition of the amino acids was referred to as fruit
juices with 11.5° Brix.

Derivatization procedure
Amino acids were derivatized (FMOC–AA) at room temperature

using a precolumn procedure. An aliquot of 300 µL of fruit juice
(or a standard solution of amino acids) was added with 600 µL of
a 200mM borate buffer (pH 10.0). Then, 600 µL of 15mM FMOC-
Cl (in acetonitrile) was added to the fruit juice and derivatization
occurred. After 5 min, the reaction was stopped by the addition of
600 µL of 300mM ADAM (water–acetonitrile, 1:1, v/v), and the
reaction lasted for 1 min to form the FMOC–ADAM complex
(Figure 1). Then, the sample was filtered and analyzed by HPLC.
The total time required for the derivatization procedure was
6 min.

HPLC analysis
An LC-1500 HPLC system (Jasco, Tokyo, Japan) was equipped

with an MD-1510 diode-array detector set at 263 nm (λmax). Data
were acquired and processed using Borwin-PDA Version 1.50 soft-
ware (JMBS Developments, Grenoble, France). Samples were
injected with a 20-µL loop using a 7125 valve (Rheodyne, Cotati,
CA) onto a Purospher RP-18 column (250- × 4-mm, 5-µm i.d.)
protected with a guard column of the same material (Merck). The
column operated at 25°C (Jones Chromatography, Mid
Glamorgan, U.K.) with a flow rate of 1.0 mL/min using 50mM
acetate buffer (pH 4.2) as eluent A and acetonitrile as eluent B.
Amino acids were separated with the following linear gradient
elution conditions (min/A%): 0/72, 3/72, 27/55, 32/0, 37/0, 39/72,
and 47/72.

Peak identification and quantitation
Identification was based on the comparison between the reten-

tion time of the standards of the amino acids and those in fruit
juices and was confirmed by a fortification technique (spiking).
Quantitation was based on the external standard method using
calibration curves fitted by linear regression analysis (Statistica
5.1, StatSoft, Tulsa, OK).

Method validation
In order to assess the linearity of the relationship between the

concentration of the amino acids and the peak area, five amino
acid standard solutions (ranging from 0.25 to 1.25mM) were pre-
pared in 0.01M hydrochloridic acid and analyzed in duplicate. The
calibration curves, relating the signal (peak area) to the analyte
concentration, yielded the linear equation:

y = a + bx Eq. 1

with y being the signal (µAU), a the intercept (signal), b the slope
(signal/concentration), and x the amino acid concentration
(mM). The precision of the method (repeatability) was deter-
mined by measuring the peak area of a single fruit juice injected
six times. In order to assess the accuracy of the method, a
recovery study was carried out by adding each amino acid at three
concentration levels (0.04, 0.06, and 0.08mM) to a fruit juice that
was previously analyzed. The resulting fortified samples were ana-
lyzed in duplicate. The limit of detection (LOD) was evaluated as
three times the signal-to-noise ratio. The stability of the deriva-
tives at 20°C was studied at 0, 50, and 100 min.

Results and Discussion

Optimization of the reaction conditions
The derivatization of amino acids with FMOC-Cl requires a

buffered alkaline pH (≥ 8.0). Because fruit juices have acidic pH
values and a natural buffering capacity, the preliminary optimiza-
tion of sample alkalinization was studied. Sodium hydroxide (5%)
and several buffers (including borate, chloride, and carbonate)
were tested (Table I). The alkalinization with sodium hydroxide
and carbonate buffer led to the formation of an insoluble deposit
during the derivatization procedure. Instead, best results were
achieved by using a 0.2M borate buffer at pH 10 with a 2:1
buffer–juice ratio.

Precolumn derivatization with FMOC-Cl was fast (5 min), and
the amino acid derivatives were stable up to 100 min. The subse-
quent reaction of FMOC-Cl with ADAM allowed for the reduction
of the FMOC-OH in excess, thus avoiding the presence of inter-
ferences during the chromatographic analysis. The derivatization
yield was dependent on both the reagent concentration and the
reaction time. An excess of reagents was required to provide effec-
tive derivatization. In this study, the ratios of 5 for FMOC-
Cl–amino acids and 20 for ADAM–FMOC-Cl were found to be
appropriate. Most of the amino acids were fully derivatized after
30 s, whereas aspartic acid (ASP) and glutamic acid (GLU)
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Table I. Effect of Buffer Type and Concentration on the
pH Value of Fruit Juices

Buffer–juice pH value of juice
Buffer (M) pH ratio (v/v) Orange Pineapple Grapefruit

Borate (0.20) 8.2 1 4.1 4.8
3.3
Carbonate (0.25) 10.7 1 10.0 10.5
9.1Figure 1. Chemical reaction between FMOC-Cl and ADAM.
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required a longer time of reaction (14).

Separation and identification
The proposed HPLC method allowed for the simultaneous anal-

ysis of 16 amino acids of interest in fruit juices within 35 min
(Figure 2). Phenylalanine (PHE), isoleucine (ILE), hystidine
(HYS), and lysine (LYS) were detected in standard solutions only,
with their content in the analyzed fruit juices being too low or
absent. Therefore, the chromatograms of fruit juices were cut at
30 min in order to improve the quality of presentation (Figures
3–6). Fruit juices showed a complex amino acid profile. The
major peaks were identified and quantitated, whereas additional
peaks (tentatively attributed to secondary amino acids) were only
detected. Serine (SER) (tR = 11.7) partially overlapped with ASP
(tR = 12.0), and the attempt to improve their separation using dif-
ferent C-18 columns (5-µm Lichrospher and Purospher (Merck),
5-µm Adsorbosphere (Alltech), and 3-µm Luna (Phenomenex))
and several elution and flow-rate conditions were thus far only
partially successful. In particular, the analysis with a 3-µm C-18
column reduced the peak width and allowed for a slight improve-

ment in the separation of SER (tR = 13.8) and ASP (tR = 14.2);
however, these two amino acids were still not resolved at baseline.
Additional information on the effect of the mobile phase compo-
sition, its flow rate, column temperature, and type of column
would require a chemometric approach, such as a central com-
posite or a modified Box & Behnken experimental design.
Information from the literature (16,17) confirms the problematic
separation between SER and ASP when these amino acids are
analyzed as FMOC derivatives. Péter et al. (17) also showed a sat-
isfactory HPLC separation of SER–FMOC and ASP–FMOC by
using a Vydac 218TP54 C-18; however, a coelution between ASP
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Figure 2. Chromatograms of a standard mixture: threonine, THR; alanine, ALA;
and cystine, CYSCYS.

Figure 3. Chromatogram of a blank (derivatization reagent).

Figure 4. Chromatograms of (A) orange and (B) grapefruit juices: threonine,
THR, and alanine, ALA.

Figure 5. Chromatograms of (A) pear and (B) pineapple juices: threonine, THR,
and alanine, ALA.
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and GLU occurred.
Asparagine (ASN) was found in all the fruit juices (its content

being highest in apricot and peach), and PRO was abundant in
orange, pineapple, and grapefruit. Arginine (ARG) was typical in
orange and grapefruit, whereas glycine (GLY) was high in pear and
orange juices and methionine (MET) was high in grapefruit. The
amino acid profile found in the fruit juices was consistent with
data from the literature (5,6,18–22), with the secondary peaks
detected in the fruit juices being probably minor amino acids such

as glutamine, leucine, ornithine, or γ-aminobutyric acid.

Method validation
The amino acids showed similar molar absorptivity and sensi-

tivity (slope) as a consequence of their derivatization (Table II).
HYS and LYS showed the highest value of molar absorptivity
because of the presence of two chromophores in their molecules.
The linearity of the method was satisfactory, which implies the
reliable quantitation of amino acids. Furthermore, precision
showed a range between 2.4 and 6.1%, with ASN and valine (VAL)
having the extreme values (Table III). A recovery test was per-
formed to verify the yield of derivatization and the lack of inter-
ference effects resulting from the matrix composition. Table III
shows the recovery of amino acids. ASP was only partially deriva-
tized by FMOC-Cl, probably because of the low pH value of the
reaction. However, tyrosine (TYR) (a basic amino acid) probably
formed an unstable derivative, TYR–FMOC, which decomposed
because of the high pH of reaction. In fact, the recovery of TYR
was improved at a pH of 8.2. However, by lowering the pH value
the solubility of ASP and GLU derivatives decreased. According to
Einarsson et al. (13), the derivatization of HYS with FMOC-Cl is
problematic because it produces multiple peaks, which implies
the poor quantitation of this amino acid. The LOD showed a range
of 3 to 6µM. Arnold et al. (16) reported an improved sensitivity in
the femtomole range by using fluorescence detection.

The precolumn derivatization for the HPLC analysis of amino
acids has advantages and drawbacks depending on the method
used (10,23–26). For example, OPA does not react with secondary
amino acids such as PRO and hydroxyproline. Derivatization with
dansyl-chloride is slow, derivatives have poor stability, and inter-
fering side-products usually occur. However, PITC requires a long
time for derivatization and the removal of reagents, and it is not
suitable for an automatic procedure.

Table II. Molar Absorptivities, Retention Times, Calibration Parameters, and General Composition Ranges of Juices

Calibration parameters (n = 10) Juice composition
Amino acid Molar absorptivity tR (min) Intercept ± SE* Slope ± SE* r2 Curve SE* p-value† range (mM)

ARG 17600 9.4 0.38 ± 0.26 2.97 ± 0.43 0.998 0.04 — 0.1–2.3
ASN 19100 9.9 –0.79 ± 1.77 3.97 ± 0.32 0.987 1.44 — 1.7–18.6
SER 19300 11.7 0.00 ± 0.07 3.04 ± 0.09 0.997 0.06 — 0.1–1.4
ASP 18400 12.0 –0.02 ± 0.04 3.16 ± 0.06 0.997 0.06 — 0.1–2.4
GLU 18900 12.9 0.01 ± 0.02 2.95 ± 0.04 0.999 0.03 — 0.1–0.7
Threonine 18600 14.5 0.01 ± 0.02 3.03 ± 0.03 0.999 0.03 — 0.2–0.3
GLY 19600 15.9 0.02 ± 0.03 3.15 ± 0.06 0.997 0.05 — 0.1–0.8
Alanine 19500 19.4 0.00 ± 0.03 3.19 ± 0.04 0.998 0.04 — 0.1–0.8
TYR 19000 20.5 n.d.‡ n.d. n.d. n.d. n.d. n.d.
PRO 18200 22.4 0.00 ± 0.08 3.14 ± 0.01 0.996 0.06 — 0.1–5.0
MET 19000 26.9 0.51 ± 0.08 2.59 ± 0.13 0.990 0.11 — 0.1–3.1
VAL 19500 27.8 0.00 ± 0.03 3.20 ± 0.04 0.998 0.04 — 0.1–0.2
PHE 19300 30.7 –0.07 ± 0.07 4.71 ± 0.10 0.998 0.08 — n.d.
ILE 18800 31.7 n.d. n.d. n.d. n.d. n.d. n.d.
HYS 33800 32.9 –0.12 ± 0.12 5.64 ± 0.22 0.991 0.14 — n.d.
LYS 37000 33.8 0.07 ± 0.11 6.06 ± 0.19 0.992 0.15 — n.d.

* SE, standard error (× 10–6).
† Significant at a p-level ≤ 0.01.
‡ n.d., not determined.

Figure 6. Chromatograms of (A) peach and (B) apricot juices: threonine, THR,
and alanine, ALA.
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Conclusion

A simple and rapid HPLC method for the simultaneous analysis
of 16 amino acids is presented. Precolumn derivatization with
FMOC and ADAM was fast, the derivatives were stable, and both
primary and secondary amines could be detected. This method of
analysis was applied to the characterization of some fruit juices
without sample cleanup. The method validation was satisfactory,
which implies a great potential for the research and routine anal-
yses of selected amino acids in food science and biotechnology.
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Table III. Precision, Stability, Recovery, and LOD for
Selected Amino Acids Found in Fruit Juices

Precision Stability Recovery mean ± LOD
Amino acid CV*,† CV‡ standard deviation† (µM)

ARG 5.1 0.1 100.7 ± 2.5 4
ASN 2.4 0.5 104.9 ± 2.1 4
SER 3.8 0.6 103.9 ± 2.7 5
ASP 4.6 0.4 93.6 ± 10.7 5
GLU 3.0 0.2 106.7 ± 5.4 3
Threonine 5.3 0.6 97.0 ± 6.1 3
GLY 5.7 0.2 105.6 ± 7.7 5
Alanine 2.8 0.3 100.3 ± 4.4 4
TYR n.d.§ n.d. n.d. n.d.
PRO 3.2 0.6 104.3 ± 1.2 6
MET 4.0 n.d. n.d. n.d.
VAL 6.1 0.6 99.1 ± 4.3 4

* CV, coefficient of varience.
† n = 6.
‡ n = 3.
§ n.d., not determined.
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