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Improved Method for the Determination of
Hydroxymethylfurfural in Baby Foods Using Liquid
Chromatography —Mass Spectrometry
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An improved analytical method for the rapid, reliable, and sensitive determination of hydroxymeth-
ylfurfural (HMF) in baby foods is described. It entailed aqueous extraction from food matrix with
simultaneous clarification using Carrez | and Il reagents, solid-phase extraction cleanup using Oasis
HLB, and analysis by liquid chromatography—mass spectrometry. A narrow-bore column allowed
fast chromatographic separation with good resolution of HMF and matrix coextractives. In positive
atmospheric pressure chemical ionization conditions, precursor and compound-specific ions were
sensitively detected in selected ion monitoring mode. Sample preparation with efficient cleanup
followed by fast chromatographic analysis allowed the analysis to be completed in <20 min. Recovery
ranged between 91.8 and 94.7% for spiking levels of 0.25, 1.0, and 5.0 mg/kg HMF in cereal-based
baby foods. The method was shown to be successful when using liquid chromatography coupled to
ultraviolet detection at 285 nm.
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INTRODUCTION wavelength. Poor chromatographic resolution of these com-

Baby foods available in the market are mainly based on milk, E%Jggfer;fgnadversely affect the quantification of HMF during

fruit, and cereal and combine a set of factors that makes them | ¢ th f HME in foods h ised
highly sensitive to Maillard reactions. During the manufacture n recent years, the presence o In foods has raise
toxicological concerns: the compound and its similar derivatives

of baby foods, severe heat treatment can be applied; moreover :
these products are usually stored for long periods of time. These(S-chIoromethyI- and 5-sulfidemethylfurfural) have been shown

processes may cause damage to constituents and decrease ﬂha;'/e cytotoxfic %ﬁ) g?ngj[oxicls), a:n?htL{[n;o'\;l?:I gﬁectﬂﬁt,
the nutritional value. The quality of baby foods is of considerable )- lowever, Turther studies suggest that HVIE- does not pose
importance, because babies may be obtaining all of their a serious health risk1g), but the subject is still a matter of
nutrients from a small number of foods; therefore, overprocess- debate_. ) ) . )
ing may affect the nutritional status adversely. In this study, a wide variety of processed baby foods including
Chemical indicators for assessing the quality of overprocessedbre?d.s’ 3'?“':}3’ ﬁnd adopt%d and follow-on forrlnulads,fasva,\tAaI'I:
foods have proved to be useful. Hydroxymethylfurfural (HMF) as fruited fresh c de;_ese_g a;: yogurts, vk\]/ere analyzed for
is recognized as an indicator of quality deterioration in a wide ufg?\ﬂasn |mprr:)v§ Tlr?w c hrog1atog_rlap(; y—mass spectro_metryf/
range of foods. It is formed as an intermediate in the Maillard (LC-MS) method. The method entailed agueous extraction o
reaction {, 2) and is also formed during acid-catalyzed HMF, solid-phase extraction (SPE) cleanup, and analysis by
dehydration of hexoses (3). Formation of HMF in foods is LC-MS. The separation was pe_rformed on a narrow-bore column
especially dependent on temperature and pH (4). to shorten the chromatographic run.

Several high-performance liquid chromatography (HPLC)
techniques have been reported for the determination of HMF EXPERIMENTAL METHODS

In various f.OOdS (5-13). These techniques ytlllze ultraviolet Chemicals and ConsumablesMethanol, potassium hexacyano-
(UV) detection because of the strong absorption of furfurals at fo;rate and zinc sulfate were of analytical grade and obtained from
~280—285 nm. However, many compounds naturally present perck (Darmstadt, Germany). Ultrapure water was used throughout
or formed in foods during processing may also absorb at this the experiments (Milli-Q system, Millipore, Bedford, MA). Oasis HLB
(1 mL, 30 mg) SPE cartridges were supplied by Waters (Milford, MA).

* - mai The analytical column (ZORBAX Bonus-RP, Narrow Bore RR 2.1

t ﬁgéﬁfggg%ﬂ?\,ﬁgﬂ'ﬁf (e-mail vgokmen@hacettepe.edu.r). 100 mm 3.5-um) was supplied by Agilent Technologies (Wilmington,

§ Scientific and Technical Research Council of Turkey. DE).
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Standards. Stock solution of HMF was prepared at a concentration
of 1.0 mg/mL by dissolving crystalline standard in distilled water.
Working standards were prepared daily by diluting the stock solution
to concentrations of 0.05, 0.10, 0.25, 0.50, 1.0, 1.5, andug/fL
with distilled water. Carrez | solution was prepared by dissolving 15 g
of potassium hexacyanoferrate in 100 mL of water, and Carrez ||
solution was prepared by dissolving 30 g of zinc sulfate in 100 mL of
water.

Sample Preparation.Depending on the sample matrix, the sample
was ground (by using a mill, mesh size of 2 mm) or minced (by mincer
reducing size). Subsamples of the homogenate were store2stC
in high-density polyethylene bottles with plastic screw-capped lids.

Finely ground sample (1 g) was weighed into a 10 mL glass
centrifuge tube with cap. A total of 1Qd of Carrez 1 and 10@L of
Carrez 2 solutions was added, and the volume was completed to 10
mL with 0.2 mM acetic acid. HMF was extracted by mixing the tube
for 3 min using a vortex mixer. It was then centrifuged for 10 min at
5000 rpm, at °C. The clear supernatant was cleaned up further by
using an Oasis HLB SPE cartridge. Prior to use, the SPE cartridge
was conditioned by passing 1 mL of methanol and equilibrated by
passing 1 mL of water at a flow rate of approximately two drops per
second using a plastic syringe of 2 mL. The excess of water was
removed from the cartridge by passing 2 mL of air. One milliliter of
aqueous extract was eluted through the preconditioned cartridge at g
flow rate of approximately one drop per second using a plastic syringe,
and the eluate was discarded. The cartridge was washed by passin
0.5 mL of water. Then the cartridge was dried under a gentle stream
of nitrogen. HMF was eluted from the cartridge by passing 0.5 mL of
diethyl ether at a flow rate of approximately one drop per second using
a plastic syringe of 2 mL. The eluate was collected in a conical bottom
glass test tube placed in a water bath at@dZymark Turbo Vap LV
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Figure 1. Chromatograms of 0.05 ug/mL of HMF standard: (a) 285 nm;
(b) SIM for miz 109; (c) SIM for miz 127.

evaporator) and evaporated to dryness under nitrogen at 3 psig. The Positive APCI-MS analysis of HMF showed both the precur-

remaining residue was immediately redissolved in 1 mL of water by
mixing in a vortex mixer for 1 min. Twenty microliters of this test
solution was injected onto the HPLC system.

LC-MS Analysis. The quantification of HMF was performed by an
Agilent 1100 HPLC system (Waldbronn, Germany) consisting of a
binary pump, an autosampler, a diode array detector, and a temperature
controlled column oven, coupled to an Agilent 1100 MS detector
equipped with an atmospheric pressure chemical ionization (APCI)
interface. The chromatographic separations were performed on an
Zorbax Bonus RP Narrow Bore column (21100 mm, 3.5:m) using
the isocratic mixture of 0.01 mM acetic acid in 0.2% aqueous solution
of formic acid at a flow rate of 0.2 mL/min at 4. Data acquisition
was performed in selected ion monitoring (SIM) mode using the
following interface parameters: drying gas;(NOO psig), flow of 4
L/min; nebulizer pressure, 60 psig; drying gas temperature,°825
vaporizer temperature, 42&; capillary voltage, 4 kV; corona current,

4 uA\; fragmentor voltage, 55 eV; dwell time, 439 ms. lons monitored
for HMF werem/z109 and 127. The quantification was performed on
the basis of the signal response of the ion having of 109.
Chromatograms were also monitored at a detection wavelength of 285
nm.

RESULTS AND DISCUSSION

sor [M + 1] ion and the compound-specific ion {ds0;] due

to loss of water from the protonated molecule. These charac-
teristic ions havingn/zof 127 and 109 were used to monitor
HMF in SIM mode. The ratio of these ions (response of ion
127/response of ion 108 1.12) was used to confirm the purity

of HMF peak. The signal response was linear over a concentra-
tion range of 0.052.0 ug/mL for both ions with correlation
coefficients 0f>0.99. On the basis of a signal-to-noise ratio of
3, the limits of detection (LOD) were determined to be 0.005
and 0.006:g/mL for ions having/z 127 and 109, respectively.
LC-MS with APCI was found to be a powerful tool that allowed
us to determine HMF sensitively and precisely.

Figure 1 shows the chromatograms of HMF at a concentra-
tion of 0.05ug/mL obtained by recording both UV signal at
285 nm and MS signals for ions havimg/z 127 and 109 in
SIM mode, simultaneously. Because the column effluent was
directed to the MS inlet after passing through the flow cell of
the diode array detector, there was a time lag~6f2 min in
MS signals. The chromatographic separation of HMF was
performed on a Zorbax Bonus RP narrow-bore column. The
solution of 0.01 mM acetic acid in 0.2% aqueous solution of
formic acid was used as the mobile phase at a flow rate of 0.2

To date, several types of foods have been subjected to themL/min to increase the ionization yield during MS detection

analysis of HMF by using HPLC with UV detection at 280
285 nm, including spirits and honey (19—21), wine and other
alcoholic beverage®22—24), fruit juices 25—29), vinegars30),
ultrahigh-temperature-treated milks (8), coffee (31), breakfast
cereals (32), breadd), and baby cereal88). The chromato-
graphic conditions used in these studies did not allow a complete
baseline separation of the peaks of interfering compounds from
the peak of HMF in most cases. Because UV detection is not
specific, an accurate detection of HMF will be possible only if

with an adequate separation of HMF in the column from
interfering matrix coextractives. Under these conditions, HMF
eluted at 5.087 min with good retention time reproducibility
(5.09 £ 0.04 min, n = 10). The capacity factor (k') was
determined to be 2.33 for HMF on the basis of the hold-up
time of 1.55 min.

The usual approach for the extraction of free furfurals from
solid food matrices entails extraction with water followed by
clarification using Carrez | and Il reagen® 82, 34, 35). Some

a good baseline separation is achieved. On the other hand, MSesearchers have used heating in boiling water for 25 min after
detection offers more selectivity and accuracy, bringing a the addition of oxalic acid into the sample to estimate total HMF
significant improvement to the analytical methodology of HMF. (2, 6, 9, 36). We initially attempted to use 0.2 mM acetic acid
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Figure 2. Chromatograms of a cereal-based baby food: (a) 285 nm; (b)
SIM for miz 109; (c) SIM for m/z 127.

Figure 3. Chromatograms of a cereal-based baby food after SPE
cleanup: (a) 285 nm; (b) SIM for m/z 109; (c) SIM for miz 127.

for the extraction of free HMF from appropriately ground food 120 1. Recovery of HMF from Cereal-Based Baby Food

matrix. The extract was simultaneously clarified by adding spiking level, ug/g recovery, % RSD, % n
certain amounts of Carrez | and Il reagents during mixing. 0.25 924 38 1
Therefore, an extract free from the colloids and fat if present 10 947 29 4
was obtained by Carrez clarification and cold centrifugation, 5.0 91.8 5.1 4

respectively.Figure 2 shows the chromatogram of a cereal-
based baby food obtained by recording UV and MS signals,
simultaneously. It is clearly seen that there was a significant shown inFigure 3. It was clear from the results of UV responses
increase in the baseline signal, which prevented the detectionthat the analyses of extracts without SPE cleanup overestimated
of HMF using MS in SIM mode. Nevertheless, the presence of the HMF concentrations in the samples. Estimated HMF
HMF in this sample was identified on the basis of the detection concentration of the samples was 32% higher when SPE cleanup
at 285 nm. However, the peak eluted~at.5 min was not fully was not applied.

resolved from the peak of HMF under the chromatographic =~ SPE cleanup brought significant improvement for the detec-
conditions applied here. It was confirmed by spectral analysis tion of HMF using MS in SIM mode. The total ion chromato-

of the wavelength range between 190 and 350 nm that the pealgram indicated the presence of three major peaks in the sample.
assigned as HMF was not pure. Further cleanup was, therefore,The HMF peak was identified by comparing both retention time
required for an accurate quantification of HMF in the food and mass spectral data. The ratio of characteristic ions having
sample. Here, an Oasis HLB cartridge packed with a macroporousm/z 127 and 109 also confirmed the purity of the HMF peak.
copolymer of the lipophilic divinylbenzene and the hydrophilic The compound-specific ion gEsO;] having m/z of 109 was
N-vinylpyrrolidone was used to clean the extract prior to LC found to be more selective than the parent compound ion.
analysis. The clear aqueous extract was passed through aherefore, the quantification of HMF was performed using the
preconditioned cartridge. HMF present in the extract strongly signal response recorded for this ion.

interacted with the sorbent material, whereas much of the The accuracy of the method was verified by analyzing spiked
coextractives did not. HMF retained in the cartridge was then cereal-based baby foods. The recovery of HMF was determined
eluted with diethyl ether. It was determined that 0.5 mL of by analyzing each of the spiked samples four times for spiking
diethyl ether was sufficient to recover HMF from the cartridge levels ranging from 0.25 to 5.2g/g. The mean percentage
completely.Figure 3 shows the chromatogram of the sample recoveries exceeded 90% for all levelable 1).

after cleanup using Oasis HLB. It is clearly seen that SPE  The method was used to analyze 16 commercial baby food
cleanup significantly improved the chromatograms by avoiding samples (3 milk-based and 13 cereal-based foods). The HMF
the coextractives that interfere with HMF during both UV and concentrations of the milk-based foods wet#.0 «g/g. Eight

MS detection. The peak eluted at 4.554 min was the major of 13 cereal-based foods were also found to contain a HMF
interference during UV detection at 285 nm. It eluted just before concentration of<1.0 ug/g. There was only a small variation
HMF and adversely affected the quantification of HMF. Taking in the HMF concentrations of cereal-based foods with one
the signal responses at 285 nm into account, 85% of this exception. One of the samples had 57.t8g of HMF, which
interfering compound could be eliminated by means of SPE was significantly higher than the HMF contents of others. The
cleanup. A UV scan confirmed the purity of the HMF peak compositions (protein, carbohydrate, and lipid) of baby food
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Table 2. HMF Contents of Some Selected Commercial Baby Foods (4) Blanco-Gomis, D.; Gutierrez-Alvarez, M. D.; Sopena-Naredo,
L.; Mangas-Alonso, J. J. High-performance liquid chromato-
compositions as declared graphic determination of furfural and hydroxymethylfurfural in
on the label, apple juices and concentrat€hromatographial 991,32, 45—
brand 9/100 g of sample HMF, 48.
food type code protein  carbohydrate  lipid uglg (5) Morales, F. J.; Romero, C.; Jiménez-Pérez, S. An enhanced liquid
milk-based foods Al 65 16.0 35 0.25 chromatographic method for 5-hydroxymethylfurfural determi-
A2 6.9 16.8 35 0.18 nation in UHT milk. Chromatographial992,33, 45-48.
A3 6.5 15.9 3.0 0.43 (6) van Boekel, M. A. J. S.; Zia-Ur-Rehman. Determination of HMF
cereal-based foods B1 71 717 16.9 nd in heated milk by HPLCNeth. Milk Dairy J.1987,41, 297—
B2 5.0 734 16.5 2.58 306.
C1l 16.0 68.5 8.5 0.40 (7) Ramirez-Jiménez, A.; Guerra-Hernandez, E.; Garcia-Villanova,
C2 15.8 67.6 90 026 B. Browning indicators in breadl. Agric. Food Chem2000,
C3 12.5 76.1 35 0.38 48, 4176—4181.
c4 155 68.7 88 107 ] o o ) .
D1 15.0 69.7 9.0 104 (8) Ferrer, E.; Alegria, A.; Courtis, G.; Farré, R. High-performance
D2 15.0 69.5 9.0 57.18 liquid chromatographic determination of Maillard compounds
El 16.1 63.6 9.7 0.18 in store-brand and name-brand ultra-high-temperature-treated
E2 11.0 74.0 9.0 0.37 cows’ milk. J. Chromatogr. A2000,881, 599—606.
Ef 112 g‘z‘ ﬁ?‘ 323 (9) Ferrer, E.; Alegria, A.; Farré, R.; Abellan, P.; Romero, F. High-
e 1:0 9:0 14 0:38 performance liquid chromatographic determination of furfural

compounds in infant formulas. Changes during heat treatment
and storageJ. ChromatogrA 2002,947, 85-95.

(10) Ferrer, E.; Alegria, A.; Farré, R.; Abellan, P.; Romero, F. High-
performance liquid chromatographic determination of furfural
compounds in infant formulas during full shelf-lifeood Chem.

samples based on the label declarations are givérabie 2.
There were several vitamins and minerals in the samples, but

the levels of these minor components were similar in these 2005,89, 639—645.
samples. Therefore, an unusually high concentration of HMF (11 ajpala-Hurtado, S.: Veciana-Nogues, M. T.; Izquierdo-Pulido,
might be due to the differences in the processing conditions. M.; Vidal-Carou, M. C. Determination of free and total furfural
In conclusion, the growing attention of the scientific com- compounds in infant milk formulas by high-performance liquid
munity with regard to the potentially toxic effects of HMF chromatographyJ. Agric. Food Chem1997,45, 2128—2133.
requires new efforts to be made to establish new rapid, reliable, (12) Morales, F. J.; Jiménez-Pérez, S. Study of hydroxymethylfurfural
and sensitive methods to determine HMF in real matrices. formation from acid degradation of the amadori product in milk-
Because their quality is of considerable importance, a variety resembling systems. Agric. Food Chen1998,46, 3885-3890.
of baby foods were chosen as the test matrix to develop the (13) Gékmen, V.; Acar, J. Simultaneous determination of 5-hy-
analytical method for the determination of HMF. Previous droxymethylfurfural and patulin in apple juice by reversed-phase
methods usually deal with food items having HMF concentra- liquid chromatographyd. Chromatogr. A1999,847, 69-74.

tions that are comparatively higher and utilize extraction (14) Nassberger, L. Influence of 5-hydroxymethylfurfural (5-HMF)
procedures which usually do not avoid potential interfering ggxtizil i‘gegg'gmzeltitioz'ff of human blood celfum. Exp.
compounds prior t.o LC analySIS' Th? presence of |nte'rferences (15) Bruce, W. R.; Archer, M. C.; Corpet, D. E.; Medline, A.; Minkin,
may be problematic, particularly during the UV detection after S Stamp. D Yin. Y. Zhana. X.-M. Diet. aberrant ervpt foci
LC separation when low concentrations of HMF are being and colorpe’cta;i canceMutat ng]ésiggé 290 111-118 P
measured in baby fo_ods. In suc_h a case, (i) a rapid separation (16) Zhang, X.-M.: Chan, C. C.; Stamp, D. Minkin, S.; Archer, M.
of HMF from the matrix coextractives in a narrow-bore column,

.. - . C.; Bruce, W. R. Initiation and promotion of colonic aberrant
(ii) an efficient cleanup of the extract using SPE, and (iii)) a crypt foci in rats by 5-hydroxymethyl-2-furaldehyde in thermo-

selective detection of HMF using MS may be combined in an lyzed sucroseCarcinogenis1993, 14, 773—775.

analytical method. Here, we described an efficient procedure (17) surh, Y. J.; Liem, A.; Miller, J. A. Tannenbaum, S. R.
that removes the interfering coextractives by means of SPE 5-Sulfooxymethylfurfural as a possible ultimate mutagenic and
cleanup. This led to an important improvement during the LC carcinogenic metabolite of the Maillard reaction product, 5-hy-
analysis of HMF coupled to MS detection in SIM mode, as droxymethylfurfural.Carcinogenesi€994, 15, 2375—2377.

well as to UV detection at 285 nm. Sample preparation and the (18) Janzowski, C.; Glaab, V.; Samimi, E.; Schlatter, J.; Eisenbrand,
subsequent chromatographic run tosR0 min to complete. G. 5-Hydroxymethylfurfural: assessment of mutagenicity, DNA-
Preliminary analyses showed that the method seems to be damaging potential and reactivity towards cellular glutathione.
applicable for other foods such as honey, jams, tomato paste, Food Chem. Toxico2000,38, 801—-809.

and fruit juices, which are known to contain HMF in large  (19) Jeuring, H. J.; Kuppers, F. J. E. M. High performance liquid
amounts. chromatography of furfural and hydroxymethylfurfural in spirits

and honeyJ. Assoc. Off. Anal. Chemi980,63, 1215—1218.

(20) Kim, H. J.; Richardson, M. Determination of 5-hydroxymeth-
ylfurfural by ion-exclusion chromathography with UV detection.
J. Chromatogr.1992,593, 153—156.
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