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Abstract

Soluble protein characterization of cider was carried out by reversed-phase high performance liquid chromatography (RP-
HPLC) and sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS—-PAGE). RP-HPLC protein separations by means of
their hydrophobicity were performed on a Cg (250x4.6 mm i.d., 5 um, 300 A) column, using a mobile phase of acetonitrile-acid-
ified water in gradient mode. The protein identifications were carried out by UV spectra analyses. The SDS-PAGE patterns showed
several bands with molecular weights between 20000 and 97000 daltons. Several methodologies were tested to isolate and pre-
concentrate the cider proteins prior to their separation and detection. The best results were obtained using dialysis to remove low

molecular mass contaminants followed by lyophilization to concentrate the proteins.
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1. Introduction

Cider is a sparkling, weakly alcoholic beverage, clo-
sely linked to the history of Asturias (Spain) and other
countries such as France or England. This beverage is
manufactured by traditional methods, namely slow
pressing, spontaneous clarification and fermentation
and bottling without stabilization. As a sparkling drink,
the characteristics of the foam are of great importance,
as occurs with sparkling wines, beer or other sparkling
beverages. The foam is known to be influenced by fruit
variety, harvest and the technological processes
employed in making sparkling beverages, since all these
factors affect their chemical composition. Several stud-
ies have been carried out to ascertain what compounds
influence the foam. Pueyo, Martin-Alvarez, and Polo
(1995) found that polysaccharides, fatty acids and pro-
teins contribute to foam formation and stability in
wines. As can be seen, most of these compounds exhibit
surfactant properties.
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Studies carried out on base wines used for making
sparkling wines (Andrés-Lacueva, Lopez-Tamames,
Lamuela-Raventos, Buxaderas, & De la Torre-Boronat,
1996; Brissonnet & Maujean, 1993; Robillard,
Despuech, Viaux, Malvy, Vignes-Adler, & Duteurtre,
1993) have shown the existence of a relationship
between protein concentration and foam quality.
According to this study, the proteins are attracted by
the CO, bubbles that appear during this fermentation
process. This results in stability of the bubbles and the
appearance of foam. For this reason, it is necessary to
characterize these proteins. In particular, it will be useful
to know their isoelectric points, their molecular weight
and their hydrophobic characters to determine which of
these parameters are important in foam constitution.

However, in several studies realized by Brissonnet and
Maujean (1993), no differences were detected in mole-
cular weight or in isoelectric point between the wine
foam and the remainder of the wine. These parameters,
therefore, do not seem to have much importance. The
aforementioned authors show by hydrophobic interac-
tion chromatography that hydrophobic proteins con-
tribute more to foam constitution than their hydrophilic
counterparts.

Due to the structural complexity of proteins and the
great variability that exists, the use of modern analytical
techniques is required for their analysis. The majority of
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studies on food and fermented beverages have been
carried out using chromatographic methods such as
reversed-phase high performance liquid chromato-
graphy (RP-HPLC) (Bobe, Beitz, Freeman, & Lindberg,
1998; Gonzalez-Lara & Gonzalez, 1991; Gonzalez &
Gonzalez-Lara, 1993; Knuutinen & Harjula, 1998; San-
toro, 1995; Trujillo, Casals, & Guamis, 2000) or hydro-
phobic  interaction  high  performance liquid
chromatography (HI-HPLC) (Brissonnet & Maujean,
1993; Gonzalez-Lara & Gonzalez, 1996), which has less
risk of protein denaturation compared to RP-HPLC,
but entails the difficulty of analyzing the results as well
as interference by hydrophobic contaminants. Fast
protein liquid chromatography (FPLC; Dorrestein,
Ferreira, Laureano, & Teixeira, 1995; Luguera, Mor-
eno-Arribas, Pueyo, Bartolomé, & Polo, 1998) was
found to be a highly suitable technique for the study of
grape must and wine proteins.

Nowadays, these techniques compete with the more
traditional SDS-PAGE habitually employed in these
types of studies (Luguera et al., 1998; Santoro, 1995;
Yokotsuka, Nozaky, & Takayanagi, 1994).

Wall, Tait, Eastwell, Reid, and Beveridge (1996) ana-
lysed proteins in varietally derived apples juices by
SDS-PAGE, finding the presence of a protein of
approximately 32000 daltons in some juices. They dis-
cussed the possible relationship of this protein to haze
formation in clarified apple juice. However, no proce-
dures have been described in the literature to character-
ize these compounds in cider.

On the other hand, separation and characterization of
the proteins in fermented beverages is a difficult task, as
the proteins are minor constituents and they have a
strong association with polyphenols and other non-
protein compounds. The mechanism of association with
the former appears to be a non covalent interaction in
which protein molecules are held together by polyphenol
compounds acting as bridge (Siebert, Troukhanova, &
Lyunn, 1996) and this joining has been proposed as the
primary cause of haze formation in fruit juices or others
beverages (Boye, 1999; Siebert, Carrasco, & Lyunn,
1996). For this reason, the protein analysis is usually
preceded by a purification step.

Dialysis is a highly suitable method for preparing
soluble proteins from fermented drinks for analysis by
electrophoresis (Luguera, Moreno-Arribas, Pueyo, &
Polo, 1997; Polo, Caceres, Palop, Dizy, Pueyo, & Mar-
tin-Alvarez, 1989; Santoro, 1995) or by HPLC (Bris-
sonnet & Maujean, 1993; Gonzalez & Gonzalez-Lara,
1993; Gonzalez-Lara & Gonzalez, 1996; Polo et al.,
1989; Santoro, 1995). It is simple to carry out, does not
denature the proteins and allows a number of samples
to be prepared concurrently. However, the resulting
dialysates must be concentrated to adapt protein levels
to the sensitivity of the detectors commonly employed.
The different techniques employed in dialysate concen-

tration are solvent elimination in a rotary vacuum eva-
porator (RVE; Gonzalez-Lara & Gonzalez, 1991;
Gonzalez & Gonzalez-Lara, 1993), lyophilization
(Luguera et al., 1997; Polo et al., 1989; Santoro, 1999),
solid-phase extraction (SPE; Gonzalez & Gonzalez-
Lara, 1993) and concentration by introducing a dialysis
membrane in a polyethylene glycol (PEG) solution
(Brissonnet & Maujean, 1993; Gonzalez-Lara, Correa,
Polo, Martin-Alvarez, & Ramos, 1989; Gonzalez-Lara,
Polo, Correa, & Ramos, 1989). Other authors have
employed precipitation to concentrate or separate pro-
teins from complex matrices (Santoro, 1995; Waters,
Wallage, & Williams, 1991; Yokotsuka et al., 1994).

This paper is specifically concerned with the applica-
tion of the HPLC method to the characterization of
soluble proteins from cider. Dialysis procedures fol-
lowed by several protocols of sample concentration
were tested to isolate and concentrate proteins. Fur-
thermore, protein assessment was carried out by SDS—
PAGE to confirm their presence in the cider sample and
to determine their molecular weights.

2. Materials and methods
2.1. HPLC equipment and conditions

HPLC analyses were performed on a Shimadzu
HPLC system (Columbia, MD, USA) equipped with
two LC-10 AD pumps, a UV-vis SPD-M10AD photo-
diode array detector, a Sil-10 AD automatic injector
and a Gastor 150 LCD on-line degasificator.

A Supelcosil Cig column [Teknokroma (Barcelona,
Spain), 250x4.6 mm i.d., 5 pm, with a pore size of 300
A] and a Nucleosil C4 column (Analisis Vinicos
(Tomelloso, Spain), 150x4.6 mm i.d., 5 pm, with a pore
size of 300 A) were used. In both cases, a guard column
was inserted to protect the analytical column. To study
the behaviour of these columns, standards of lysozime,
trypsin inhibitor, carbonic anhydrase and albumin
chicken egg (ovalbumin) (Sigma, St. Louis, MO, USA)
were selected; Fig. 1 shows the results obtained
employing the same concentration for each one and the
chromatographic conditions mentioned earlier. A sub-
stantial improvement in the separation of standards was
obtained using a C;g column.

The analysis of the standards and cider samples was
monitored at 220 nm and the absorption spectra of
compounds were recorded between 190 and 370 nm.
The mobile phase was water (high purity water,
obtained through a Millipore Milli-Q system, Milford,
MA, USA) with 0.1% trifluoroacetic acid (Romil,
Loughborough, UK), eluent A and water—acetonitrile
(HPLC-grade, Romil) 5:95 (v/v) with 0.1% tri-
fluoroacetic acid, eluent B. The chromatographic
experiments were carried out at a flow rate of 1 ml/min
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Fig. 1. Protein standards separation on: (a) C;g column (250x4.6 mm
i.d., 5 um, 300 A) and (b) C4 column (150x4.6 mm i.d., 5 um, 300 A).
(1) Lysozime, (2) trypsin inhibitor, (3) carbonic anhydrase and (4)
ovalbumin. UV detection at 220 nm.

and a temperature of 38 °C in gradient mode. The elu-
ent B percentage thus ranged linearly from an initial
value of 0% to a final value of 50% for 45 min. After
each run, the column was washed with 100% B for 10
min and equilibrated with 100% A for 15 min. All
mobile phase solutions were filtered through a 0.45-um
membrane filter. The injection volume of protein extract
was 50 upl. Prior to injection, samples were filtered
through PVDF Durapore® (Millipore) 0.45-um filters.
Identification of sample compounds was carried out by
spectral analysis.

2.2. Sample preparation

Natural cider was sonicated for 5 min to free the
proteins and centrifuged at 3000xg for 30 min to elim-
inate solid substances that could interfere in the analy-
sis. The proteins were isolated by dialyzing (dialysis
membranes Spectra/Por® Molecular Weight Cut Off:
3500 daltons, Spectrum, Rancho Dominguez, CA,
USA) the cider against ultra pure water at 4 °C, chan-
ging the water three times a day for two days.

Four alternative procedures, schematically repre-
sented in Fig. 2, were employed to concentrate the dia-
lysate sample. In the first procedure, proteins
purification and concentration was achieved by solid—
liquid extraction (visiprep Vacuum manifold, Supelco,
Bellefonte, PA and Vacuumbrand GmbH pump, Wer-
thein, Germany) using a C;g cartridge (Sep-PAK™, 1000
mg, Varian, Harbor City, CA, USA) previously condi-
tioned by passing 5 mL of methanol (Romil) followed

by 5 ml of water. A 100 ml of dialysate was passed
through the cartridge and the bed was washed with 2 ml
of water and subsequently with 2 ml of water with 85%
H;PO4 (50:50, v/v). Protein elution was carried out with
2 ml of methanol and the solution was filtered and
injected into the chromatographic system.

The second concentration procedure was carried out
by introducing a dialysis bag in a polyethylene glycol
(Sigma) solution 30%. The remaining solution was cen-
trifuged at 3000xg for 10 min and finally concentrated
in a rotary vacuum evaporator (Heidolph, Schwabach,
Germany) at 30 °C. The sample was recovered in 1 ml
of water and was injected after prior filtration through a
0.45 pm PVDF syringe filter. In this way, the sample
was concentrated 50 times.

An alternative to the above procedure was to con-
centrate the sample directly in the RVE. Thus, 50 ml of
cider, including or not including a filtration step through a
PVDF Durapore® membrane with a pore size of 0.22 um,
was dialysed and subsequently concentrated to 1 ml in a
RVE. Water was eliminated at low pressure inside the
RVE at a temperature of 30 °C in order to avoid dena-
turation and precipitation of the proteins.

Finally, proteins concentration was carried out by
lyophilization (Virtis lyophilizator, New York, USA)
with or without prior filtration. The lyophilizate was
dissolved in 1 ml of water and the sample was filtered
and injected in the chromatographic system, as in the
aforementioned procedures.

2.3. SDS-PAGE analysis

Laemli’s method (Laemli’s, 1970) for discontinuous
electrophoresis was performed in a Power N Pac 300
electrophoresis instrument from Bio-Rad (Hercules,
CA, USA) [T(acrylamide plus bisacrylamide, w/
v)=12.3%; C (bisacrylamide:acrylamide, plus bisacry-
lamide, w/v)=2.6%, resolving gel (T=4%, C=2.6%,
stacking gel)] to estimate the presence and approximate
number of proteins when the purification and concen-
tration stages of samples were finished. Electrophoresis
was carried out on plates of 100 mmx82 mmx1 mm at
room temperature at a constant current setting of 250
mA for approximately 1 h. Bio-Rad SDS-PAGE
Molecular Weight Standards, range from 21500 to
200 000 daltons were used as a marker.

The proteins bands were visualized by silver staining
(ICN). This technique had also served to characterize
proteins by means of their molecular weight.

3. Results and discussion
In order to separate proteins in the cider samples, we

chose a Supelcosil ODS (250x4.6 mm i.d., 5 pm, with a
pore size of 300 A) and a mobile phase made up of ultra
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Fig. 2. Schematic diagram of sample preconcentration methods. (RVE) rotary vacuum evaporator; (SPE) solid phase extraction.

pure water, acetonitrile and trifluoroacetic acid as ion
pairing, whose addition had the effect of decreasing the
retention time of a protein sample and of improving
peak shapes. A possible explanation for the effect of
ion-pairing reagents on the retention of proteins on a
reversed phase column can then be based on the fact
that the non-polar area of the protein molecule, which is
available for interaction with the reversed phase, is
substantially reduced (Hancock & Sparrow, 1983).

Purification and concentration of the cider samples
was necessary to analyse proteins by HPLC or SDS-
PAGE. Different cleaning techniques were studied,
namely precipitation, dialysis, ionic exchange solid—
liquid extraction. Dialysis is a simple technique and, in
this case, offers better results than the others, but a
concentration step of the dialysate was necessary. For
this reason, four concentration procedures were
assayed, as can be seen in Fig. 2. The first of these
includes a solid—liquid extraction using C;g cartridges, a
significant loss of proteins being observed. This proce-
dure was accordingly rejected.

When the treatment includes a concentration step
with polyethylene glycol, the chromatogram obtained
shows an interesting protein profile with 11 main peaks
and many other minority peaks. As can be seen in
Fig. 3a, an important number of proteins elute early on,
after 12 min of the chromatogram, which could be in
agreement with the predictable, greater presence of less
hydrophobic proteins in the cider samples. The baseline
improves markedly when the cider sample was filtered
through a 0.22 ym PVDF membrane prior to dialysis.

However, this treatment was very lengthy, as the first
concentration stage with PEG lasted 5 h and did not
manage to eliminate all the solvent, so a second con-
centration step was needed in the RVE. For this reason,
the next treatment was carried eliminating the PEG
concentration stage. An important baseline drift that
makes the detection of proteins difficult was observed in
this case. Consequently, as in the previous procedure, it
was necessary to filter the sample before dialysis. Fig. 3b
shows the chromatogram obtained using this sub-
sequent procedure. Although the baseline improves, a
marked loss of proteins was observed.

Finally, preconcentration was carried out by lyophi-
lization. It was again confirmed that sample filtration
prior to dialysis improves the sensibility response.
Fig. 3c shows the chromatogram obtained including
the filtration step. As can be seen, this procedure dis-
played the best results, since the proteins were visualized
better.

The retention times for proteins were similar in all
concentration treatments tested. Identification of com-
pounds was carried out by recording their absorption
spectra. Typical protein spectra (data not shown) with
two maxima at 203 nm due to the peptidic bonds of the
protein and 280 nm due to the phenyl groups of the
aromatic amino acids of the proteins were observed,
particularly in the last peaks of the chromatogram that
pertain to the more hydrophobic proteins. However,
spectra of the early chromatographic peaks pertaining
to less hydrophobic proteins also exhibit relative max-
ima at 250 and above 300 nm. This suggests that phe-
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Fig. 3. HPLC profiles of natural cider protein fractions obtained by means of different procedures: (a) dialysis and concentration with polyethylene

glycol; (b) dialysis and concentration by RVE; (c) dialysis and concentration

nolic compounds might be present forming complex
phenolic polymers associated with proteins, as was
reported in sparkling wines (Luguera et al., 1998).
Table 1 shows the retention times, the area percen-
tages and the precision of each protein fraction calcu-
lated in the last methodology, tested with the same
cider. The results were obtained by these replicates. As
can be seen, the less hydrophobic proteins accumulate
the major area percentage. Effectively, the seven early

by lyophilization. Conditions as Fig. 1a.

peaks, eluted in less than 12 min, accumulated more
than 70% of total area. The precision in the retention
times, is excellent, as Table 1 shows. Regarding the
precision in the area percentage of each proteic fractions
is reasonably good, except the first fraction (tg=7.6
min), however it has not a lot of importance since it is
not a majority fraction.

Classical electrophoresis in SDS-PAGE was also used
to confirm the presence of proteins and their approx-
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Table 1
Protein retention time and area percentage values for cider retentates
concentrated by lyophilization and analysed by RP-HPLC

Proteic fraction® tg (min)£RSD (%) Area (%)£RSD(%)

1 7.6+0.7 4.1£19.9
2 8.1+1.3 16.5+£4.7
3 8.5+0.6 9.6+3.8
4 8.71+0.6 6.9+3.7
5 9.1£0.6 23.1+£23
6 9.7£0.5 38+14
7 11.0+£0.5 7.7£4.0
8 13.1+0.1 2.94+10.0
9 14.0£0.1 4.7+0.8
10 16.240.1 8.7+£9.9
11 23.5+0.2 8.7£0.2
12 26.94+0.2 32425

2 Calculated as area percentage of each proteic fraction over total
area percentage of 12 proteic fractions of one of the chromatograms
obtained.

imate number of bands when the process of cleaning
and concentration of sample proteins was concluded,
thus enabling the characterization of proteins by means
of their molecular weights. As can be seen in Fig. 4, in
spite of the marked differences in protein detection
observed by the chromatographic method, the same
bands were observed when the retentate was con-
centrated by lyophilization or RVE, the intensity also
being smaller in this latter case.

As can be observed by comparing the results obtained
in the slab gel with the chromatograms, there is one
more presence of proteins of low molecular weight,
which could be related to the larger presence of less
hydrophobic proteins.

Eleven protein fractions are observed when the sam-
ple is cleaned by dialysis and concentrated by RVE,

Mw 1 2

200000 —f-
116,250 /97 900 —pm»

66,200 —p»
45,000 —pm

31,000

21,800 —pw

Fig. 4. SDS-PAGE analysis of protein concentrate from natural cider
(silver stained). Key: (MW) molecular weight standards in daltons; (1)
Protein bands obtained when the cider is dialyzed and concentrated by
lyophilization; (2) Protein bands obtained when the cider is dialyzed
and concentrated in the RVE.

their molecular weights being: 97, 67, 60, 55, 47, 44, 38,
30, 27, 26 and 20 kD. If the sample is filtered prior to
dialysis, the same range of molecular weights is
observed, their intensity also being diminished.

As shown in this paper, a protein band of 30000
daltons persisted throughout all the purification stages,
which was also found in varietal apple juices by others
researchers (Wall et al., 1996) who discussed the possi-
ble relationship of these proteins with haze formation
in clarified apple juice (Hsu, Heatherbell, & Yorgey,
1989).

4. Conclusions

A reversed chromatographic method to characterize
soluble proteins from cider was proposed. A dialysis
procedure followed by liophilization was selected to
isolate and concentrate proteins. The present study
gives the first indications of the characterization of the
proteins found in cider samples.

SDS-PAGE clectrophoresis was used to confirm the
presence of proteins in the cider samples and to deter-
mine their molecular weights. There is one more pre-
sence of proteins of low molecular weight and,
specifically, a protein band of 30000 daltons persisted
throughout all the purification stages.

It can be inferred that the isolation and characteriza-
tion of cider proteins may be of great value in the
determination of the influence of proteins on foam and
haze characteristics.
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