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Hydrophilic di- and tripeptides are not
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Abstract – In the literature hydrophilic glutamyl di- and tripeptides have been described to in-
duce an umami or savoury taste. In this study, HILIC-ESI-MS was applied for analysis of low-
molecular-weight peptides in the ultra-filtrated (cut-off 10 kg·mol−1) water-soluble extract of two
mature Cheddar cheeses, selected because of their pronounced savoury flavour. A reference mixture
of amino acids and di- and tripeptides was successfully separated by HILIC using ammonium ac-
etate buffer (0.50 g·L−1, pH 5.5) as the mobile phase. Unambiguous identification of the compounds
was based on retention time and characteristic fragmentation patterns in MS/MS and MS3. However,
no low-molecular-weight glutamyl peptides were identified in the extracts of the mature Cheddar
cheeses. It was concluded that hydrophilic glutamyl di-and tripeptides are not a precondition for
savoury flavour in mature Cheddar cheese.
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摘摘摘要要要 –亲亲亲水水水性性性二二二肽肽肽和和和三三三肽肽肽并并并不不不是是是成成成熟熟熟契契契达达达干干干酪酪酪风风风味味味形形形成成成的的的前前前体体体。。。很多文献都报道过亲水
性谷氨酰基二肽和三肽是形成干酪鲜味和香味物质。本研究选择两个风味优良的成熟契达
干酪,其水溶性提取物的超滤液用HILIC-ESI-MS法分析了低分子量肽。以醋酸铵缓冲溶液
(0.50 g·L−1, pH 5.5)为流动相,采用高效液相色谱法成功地分离了混合物中的氨基酸、二肽
和三肽,并根据保留时间以及二级和三级质谱对这些化合物进行了鉴定。然而在干酪水溶性
提取物中没有检测到低分子量的谷氨酰基肽。因此，可以认为亲水性的谷氨酰基二肽和三
肽并不是成熟契达干酪风味的前体。
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Résumé – Les di- et tripeptides hydrophiles ne sont pas pré-requis pour obtenir une flaveur
savoureuse du Cheddar affiné. Dans la littérature, les di- et tripeptides à glutamine ont été décrits
comme induisant un goût umami ou savoureux. Dans cette étude, nous avons analysé par chromato-
graphie liquide à interaction hydrophile (HILIC) couplée à la spectrométrie de masse (ESI-MS) les
peptides de faible poids moléculaire présents dans l’ultrafiltrat (seuil de coupure 10 kg·mol−1) d’ex-
trait aqueux de deux Cheddar affinés, sélectionnés en raison de leur flaveur savoureuse prononcée.
Un mélange de référence d’acides aminés et de di- et tripeptides a été séparé avec succès par HILIC
en utilisant un tampon d’acétate d’ammonium (0,50 g·L−1, pH 5,5) comme phase mobile. L’identi-
fication des composés a été réalisée sans ambigüité d’après leurs temps de rétention et leurs profils
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de fragmentation caractéristiques en MS/MS et MS3. Cependant, aucun peptide à glutamine de
faible poids moléculaire n’a été identifié dans les extraits de Cheddar affiné. Nous en avons conclu
que les di- et tripeptides à glutamine hydrophiles ne pré-conditionnent pas la flaveur savoureuse du
Cheddar affiné.

savoureux / umami / Cheddar / peptide hydrophile

1. INTRODUCTION

During cheese ripening, proteolysis of
casein forms the basis for generating a
wide range of peptides and amino acids,
with the potential to influence cheese taste.
An equilibrated balance between proteol-
ysis and peptidolysis is needed to pre-
vent development of bitterness and to ob-
tain a general background flavour with a
brothy and savoury taste [6,12]. For Ched-
dar cheese the diafiltrated water-soluble
extract (cut-off 10 kg·mol−1) has been de-
scribed as savoury [4, 7, 9, 21]. Umami,
the Japanese word for savoury or deli-
cious, is an important sensory taste at-
tribute for mature Cheddar cheese because
of the naturally high content of amino
acids, and especially Glu [14]. However,
the complexity of the taste indicates con-
tribution from other components in Ched-
dar cheese to this sensation. Organic acids
and salts have been identified as potent
taste compounds or taste enhancers in re-
lation to umami and savoury in general [8,
20, 25]. With regard to peptides, special
attention has been paid to the taste con-
tribution of hydrophilic di- and tripep-
tides. In particular, those containing Glu
have been described as having an umami
or savoury taste [2, 15, 16, 23]. However,
the taste properties of these peptides are
discussed controversially by Van den Oord
and van Wassenaar [24]. In relation to
cheese, only a few low-molecular-weight
peptides have been identified [13, 17–19].

Reversed-phase high-performance liq-
uid chromatography (RP-HPLC) is a pow-
erful separation technique for peptides in
cheese extracts [3]. However, small hy-
drophilic peptides are not retained in the

hydrophobic stationary phase but elute in
the void volume. As an alternative, hy-
drophilic interaction liquid chromatogra-
phy (HILIC) coupled to electrospray ion-
isation mass spectrometry (ESI-MS) could
be used for analysis of small hydrophilic
peptides. The separation mechanism of
HILIC is based on the solubility of the
analytes in the water-enriched layer in a
hydrophilic stationary phase and in a rel-
atively more hydrophobic mobile phase.
Thus, the retention time increases with the
hydrophilicity of the compound, and the
observed elution order will be approxi-
mately the opposite of RP-HPLC [1]. As
reviewed by Hemstrom and Irgum [11],
HILIC has been used for a number of ap-
plications within separation of, e.g., carbo-
hydrates, amino acids, peptides and pro-
teins. In relation to complex food systems
glutamyl dipeptides have been successfully
identified in a wheat gluten hydrolysate
and an extract of Parmesan cheese using
HILIC as a separation technique [19].

The objective of this study was to
reveal the presence of umami taste-
active hydrophilic di- and tripeptides with
the potential to explain a pronounced
savoury flavour in mature Cheddar cheese.
HILIC-ESI-MS was applied for analysis
of these hydrophilic low-molecular-weight
peptides in Cheddar cheese.

2. MATERIALS AND METHODS

2.1. Reference mixture of amino
acids and peptides

The reference mixture for HILIC-MS
contained acidic, basic, hydrophilic un-
charged and hydrophobic amino acids,
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and di- and tripeptides. The amino
acids Leu, Val, Pro, Glu, Asp, Ser,
Asn, Arg and Lys were purchased from
Merck (Darmstadt, Germany), Fluka
(Buchs, Switzerland) and Sigma-Aldrich
(St. Louis, MO, USA), and the di- and
tripeptides Trp-Gly-Tyr, Glu-Ala, Ala-
Glu, Gly-Glu, Thr-Glu, Glu-Asp, Asp-Glu,
Glu-Ser, Glu-Glu-Glu and Arg-Lys were
purchased from Bachem (Bubendorf,
Switzerland). The amino acids and pep-
tides were dissolved in acetonitrile/water
(60:40) and analysed at a concentration
of 0.5 g·L−1 and 0.25 g·L−1, respectively.
The mixture supplemented with Ser-Glu,
Gly-Glu, Glu-Thr and Glu-Glu (Bachem,
Bubendorf, Switzerland) is referred to as
the extended reference mixture.

2.2. Extract of Cheddar cheese

Two commercially available mature
Cheddar cheeses with pronounced savoury
flavour were selected for these experiments
by professional cheese graders. Cheese A
was from Australia, aged 12 months,
and cheese B was from Ireland, aged
10 months. The latter contained a ther-
mophilic Lactobacillus strain as adjunct
culture. The water-soluble fraction was
obtained by mixing grated cheese with
Milli-Q water at a ratio of 1:2 (w/w) and
homogenising the slurry using a mixer (Ul-
tra Turrax, Staufen, Germany, 2 × 1 min
at 13 500 rpm with 1 min suspension
in between). The homogenate was stirred
for 1 h at 40 ◦C and centrifuged for
45 min at 4 ◦C at 38 720× g. The water-
soluble extract was filtered through glass
wool and filter paper (Whatman No. 42,
Maidstone, UK) and ultra-filtrated using
an Amicon cell (Amicon, Danvers, MA,
USA) with a regenerated cellulose mem-
brane with a molecular weight cut-off of
10 kg·mol−1 (Millipore Inc., Milford, MA,
USA). The solutions were freeze-dried and
stored at –20 ◦C until use. Before analysis

the samples were redissolved in water
(40 mg·mL−1). This corresponded to 0.46 g
cheese·mL−1 and 0.35 g cheese·mL−1 for
cheese A and B, respectively. The ultra-
filtrated water-soluble extracts were tasted
to ensure that a savoury flavour remained.

2.3. HILIC-ESI-MS

The HILIC separation was performed
using two commercially available HILIC
columns, HILIC Column 1 (TSKgel
Amide-80, 2.0 mm i.d. × 1.0 cm guard
column and 1 mm i.d. × 25.0 cm, 5 μm,
from Tosoh Bioscience, Tokyo, Japan) and
HILIC Column 2 (ZIC-HILIC, 1.0 mm
i.d. × 5.0 mm guard column and 1 mm
i.d. × 15.0 cm, 3.5 μm, from SeQuant,
Umeå, Sweden). The LC system consisted
of a quaternary pump (Rheos 2200, Flux
Instruments, Basel, Switzerland) in com-
bination with a PAL HTS autosampler
(CTC Analytics, Zwingen, Switzerland).
Five μL of the reference mixture and 10 μL
of the water-soluble cheese extracts were
injected.

A LTQ ion trap mass spectrometer
(Thermo, Waltham, MA, USA) equipped
with an ESI source was used for the
mass spectrometry analysis. Nitrogen was
used as sheath gas; the capillary temper-
ature was 250 ◦C and the spray voltage
4 kV. The MSn spectra were obtained at
a relative collision energy of 30% in the
data-dependent scan mode with the signal
threshold triggering a further MS step set
to 2.5·105. Data acquisition and processing
were carried out using the Xcalibur soft-
ware version 2.0 SR2 (Thermo, Waltham,
MA, USA).

A solution of caffeine, the peptide
Met-Arg-Phe-Ala and Ultramark 1621
(Thermo, Waltham, MA, USA) was used
for calibration according to the man-
ufacturer’s recommendations. Tuning of
the instrument in the positive ionisation
mode was performed using a solution
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(acetonitrile/water, 60:40) containing the
peptide Glu-Asp (0.25 g·L−1, MW 262.2).
The mobile phase system used for HILIC-
ESI-MS was ammonium acetate buffer
(0.50 g·L−1, pH 5.5) in acetonitrile/water
(90:10) as solvent A and ammonium ac-
etate buffer (0.50 g·L−1, pH 5.5) in ace-
tonitrile/water (60:40) as solvent B. The
ammonium acetate buffer was prepared
from a stock solution of ammonium ac-
etate (50.1 g·L−1), which had been adjusted
to pH 5.5 by acetic acid (39.0 g·L−1). The
gradient was 13 to 40% water in 90 min
and 40% water in 10 min with a flow of
0.05 mL·min−1 [19, 22].

3. RESULTS AND DISCUSSION

3.1. Separation of amino acids and
peptides in a reference mixture

The amino acids and hydrophilic di-
and tripeptides in the reference mixture
were successfully analysed by HILIC-ESI-
MS (Fig. 1). The performance of the two
HILIC columns was evaluated by their
ability to separate the individual com-
pounds in the reference mixture. Retention
of the amino acids and the peptides were
obtained on both HILIC columns and the
elution order was similar (data not shown).

Among the amino acids, the hydropho-
bic Leu and Val eluted first, followed by
Pro and the hydrophilic, uncharged Ser
and Asn, which coeluted from HILIC Col-
umn 2. Then the acidic amino acids Asp
and Glu coeluted, as observed for both
HILIC columns. The positively-charged
amino acids Arg and Lys were retained
longest. Specifically for HILIC Column 1,
tailing was observed for these two com-
pounds, possibly due to ion interactions
with the stationary phase [10, 11]. The po-
tentially taste-active hydrophilic glutamyl
peptides eluted in the order Glu-Ala, Thr-
Glu, Glu-Ser, Ala-Glu, Gly-Glu, Glu-Asp
and Asp-Glu. The more hydrophilic Glu-
Glu-Glu was retained longest. Separation

of the isobaric pair Glu-Ala and Ala-Glu
was obtained on both HILIC columns,
whereas Glu-Asp and Asp-Glu were only
partly separated on HILIC Column 2. The
elution profile of the reference mixture on
HILIC Column 2 is shown in Figure 1.

The observed sequence-specific elution
of the isobaric glutamyl peptides, where
the peptide with the N-terminal glutamyl
residue eluted prior to its reversed ana-
logue, is in accordance with earlier ob-
servations [1,19]. Unambiguous identifica-
tion of the peptides was possible by using
MS/MS and MS3 spectra as described in
Section 3.2.

In relation to the potentially umami
taste-active peptides it was important to
obtain the best separation and identifica-
tion conditions for the pairs of isobaric
glutamyl peptides. To further evaluate the
HILIC columns’ ability to separate these
compounds, the reference mixture was
completed with Ser-Glu, Glu-Gly and Glu-
Thr. The additional pairs of isobaric pep-
tides were all baseline separated by HILIC
Column 2, whereas the separation ability
for HILIC Column 1 was limited (data not
shown).

On the background of these results it
was concluded that the hydrophilic glu-
tamyl peptides of interest for savoury
flavour were best separated on HILIC Col-
umn 2, which was used for the analysis
of the water-soluble extract of the mature
Cheddar cheeses.

3.2. Identification of isobaric
glutamyl peptides by mass
spectrometry

Isobaric pairs of peptides give rise to
identical ions (m/z) in full-scan mass spec-
tra. Identification was therefore based on
the comparison of retention times, and
MS/MS and MS3 spectra with those of
reference compounds. Reverse analogue
peptides exhibit different fragmentation
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Figure 1. HILIC-ESI-MS base peak chromatograms for HILIC Column 2. I: Reference mixture,
II: water-soluble extract of Cheese A, III: water-soluble extract of Cheese B, IV: water-soluble
extract of Cheese B spiked with the reference mixture. Peak identification; 1: m/z 168, 2: Leu/Ile,
3: Trp-Gly-Tyr, 4: Val; 5: Pro, 6: m/z 105, 7: Ser, 8: Asn, 9: m/z 156, 10: Glu, 11: Asp, 12: Glu-Ala,
13: Thr-Glu, 14: Glu-Ser, 15: Ala-Glu, 16: Gly-Glu, 17: Glu-Asp, 18: Asp-Glu, 19: Glu-Glu-Glu,
20: Arg, 21: Lys. Identification based on MS/MS and MS3 spectra.
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patterns depending on the position of
the glutamyl residue and an unambigu-
ous identification is therefore possible, as
shown by Schlichtherle-Cerny et al. [19]
for the glutamyl dipeptides with Thr, Ser
and Lys. In this study the unique MS/MS
and MS3 spectra for Glu-Ala, Ala-Glu and
Glu-Asp, Asp-Glu are shown in Figure 2.

The MS/MS spectra of the parent ion
m/z 219 [M+H]+ for the dipeptides Glu-
Ala and Ala-Glu both showed a prod-
uct ion of m/z 201, which was gener-
ated by the loss of a water molecule. The
MS3 spectrum of Glu-Ala led to an un-
ambiguous identification based on the in-
tense signal of m/z 90, resulting from the
C-terminal Ala residue. Additional intense
ions in the MS3 spectrum were m/z 183,
due to the loss of a second water molecule,
and m/z 155, which indicates the loss of
two water molecules and a carbon oxide
molecule from the parent ion m/z 201. On
the other hand, fragmentation of the re-
versed analogue Ala-Glu was dominated
by the unique ion m/z 148 in the MS/MS
spectrum, corresponding to the C-terminal
glutamyl residue. These specific fragmen-
tation patterns made an unequivocal identi-
fication of the reversed analogues possible.
Similar characteristic ion patterns were de-
tected for the pair of Glu-Asp and Asp-
Glu. The MS3 spectrum for Glu-Asp re-
vealed the ion m/z 134 for the C-terminal
Asp residue. In the MS/MS spectrum Asp-
Glu gave rise to the characteristic ion
m/z 148 from the C-terminal glutamyl
residue, which led to unambiguous identi-
fication. However, this signal was less in-
tense as compared with the more dominat-
ing ions m/z 245 and m/z 227, related to
the losses of one and two water molecules,
respectively. Unique for Asp-Glu was also
the intense ion m/z 185 in the MS3 spec-
trum, corresponding to the additional loss
of CH2CO, indicating fragmentation of the
amino acid side chains.

According to the results of the present
study only the MS3 spectra allowed an un-

ambiguous identification of the N-terminal
glutamyl peptides, whereas MS/MS was
sufficient for the identification of the C-
terminal glutamyl peptides.

3.3. Analysis of mature Cheddar
cheese

The water-soluble extracts of two ma-
ture Cheddar cheeses, selected because
of their pronounced savoury flavour, were
analysed by applying the described HILIC-
ESI-MS method (Fig. 1). According to
the reference mixture the potentially taste-
active glutamyl di- and tripeptides of in-
terest should elute in the time frame of
45 to 65 min but no peaks occurred in
the chromatograms for the mature Cheddar
cheeses in this interval. As a result, it could
be concluded that the hydrophilic di- and
tripeptides of the reference mixture were
not present in the extracts of the two ma-
ture Cheddar cheeses. It has to be taken
into account that the hydrophilic peptides
could be present at concentrations below
their limit of detection. The reference mix-
ture, however, contained glutamyl peptides
at a concentration of 0.25 g·L−1, which is
close to the taste thresholds reported in
the literature for these peptides [2, 15, 16,
23]. Therefore, it was expected that hy-
drophilic peptides in the Cheddar cheese
extracts would show relatively intense sig-
nals if they should contribute to the per-
ceived savoury flavour. On the other hand,
amino acids dominated the water-soluble
extracts and eluted in the order of Leu/Ile,
Val, Pro, Glu, Arg and Lys, correspond-
ing to the results obtained for the reference
mixture. The chromatograms also revealed
several dominating ions that could not be
assigned to amino acids or peptides.

The ability of the HILIC method to
analyse hydrophilic di- and tripeptides in
the relatively crude and complex water-
soluble Cheddar cheese extracts was ver-
ified by spiking the samples with the
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Glu-Ala

Ala-Glu

Glu-Asp

Asp-Glu

Figure 2. MS/MS and MS3 spectra of the isobaric glutamyl peptides Glu-Ala, Ala-Glu and Glu-
Asp, Asp-Glu, respectively.
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reference mixture. The low-molecular-
weight peptides were added at concentra-
tions close to their reported thresholds [2,
15, 16, 23]. The base peak chromatogram
revealed clear signals for the relevant
di- and tripeptides from the reference
mixture and the elution order was con-
sistent with that for the pure refer-
ence mixture, but differences in retention
time for the compounds were observed
(Fig. 1). To ensure that the hydrophilic
low-molecular-weight peptides were not
lost by the ultra-filtration, the unfiltrated
water-soluble extracts were analysed. Iden-
tical results were obtained and no glutamyl
di- or tripeptides were identified (data not
shown).

Potentially umami taste-active peptides
have been reported in the literature for
Parmesan and Comté cheese [18, 19]. Pep-
tides such as Glu-Gly, Glu-Ser, Glu-Glu,
Glu-Arg, γ-Glu-Leu and γ-Glu-Tyr were
identified. The peptides were linked to
the degradation of casein but not to the
taste properties of the cheeses. In spite of
the pronounced savoury flavour in the se-
lected mature Cheddar cheeses, none of
the alleged taste-active hydrophilic glu-
tamyl peptides were identified. The two
mature Cheddar cheeses were ripened for
12 and 10 months, respectively, and dur-
ing manufacturing a ripening culture was
added to the latter to accelerate amino
acid release. Low-molecular-weight pep-
tides are a result of peptidolytic activity,
and their accumulation in cheese depends
on a dynamic balance between formation
and degradation. During ripening some
peptides with specific properties accumu-
late in the cheese as a consequence of lim-
ited enzymatic activity towards these pep-
tides that typically are highly basic, and
contain phosphate groups or the secondary
amino acid Pro. Small hydrophilic peptides
containing Glu have been reported not to
accumulate in Cheddar cheese [9], but are
likely to be hydrolysed by the peptidases
in the cheese matrix or taken up by lactic

acid bacteria [5]. This correlates with the
findings in this study.

The HILIC chromatograms revealed the
presence of Glu in both Cheddar cheeses
(Fig. 1). Glu exhibits the basic taste of
umami and could be one of the main con-
tributors to the perceived savoury flavour
in the mature Cheddar cheeses. Other com-
pounds reported to exhibit taste activity in
relation to umami and savoury are, e.g.,
amino acids, organic acids and inorganic
ions [8, 20, 25]. Future work will focus on
quantitative studies as well as investiga-
tions of the sensory impact of these com-
pounds on savoury flavour.

In conclusion, the HILIC-ESI-MS
method was successfully applied to a
reference mixture of amino acids and
hydrophilic di- and tripeptides at con-
centrations close to their reported taste
thresholds. Identification of the com-
pounds was based on retention time and
fragmentation patterns in MS/MS and
MS3. However, no potentially umami
taste-active glutamyl di- or tri peptides
were identified in the water-soluble
extracts from either of the two mature
Cheddar cheeses, which were selected be-
cause of their pronounced savoury flavour.
Consequently, the presence of glutamyl di-
and tripeptides are not a precondition for
savoury flavour in mature Cheddar cheese.
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