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Extraction and Separation of Water-Soluble Proteins from
Different Wheat Species by Acidic Capillary Electrophoresis
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Optimization of protein extraction and a capillary zone electrophoresis method for water-soluble protein
analysis in wheat is described. The optimal separation was obtained with a 50 um i.d. x 27 cm (20
cm to detector) uncoated capillary filled with 0.1 M phosphoric acid/3-alanine, pH 2.5, buffer containing
urea (1 M), 0.05% (w/v) hydroxypropylmethylcellulose, and 20% (v/v) acetonitrile. Separation was
carried out at 15 kV and 35 °C for 9 min. Extract stability was also investigated within 2 h from the
extraction. Good visual peak parameters and a higher sensitivity can be obtained when 30% ethanol
is used as an extraction medium. The method was successfully used to analyze extracts obtained
from whole and refined meals of six Triticum spp. Moreover, the described methodology could be
applied to the discrimination of species with different ploidy levels and to the detection of durum
wheat adulteration, as well as to screen wheat collections for enzymes involved with the quality of
wheat derivatives.

KEYWORDS: Capillary zone electrophoresis; durum wheat adulteration; species differentiation; Triticum
spp; water-soluble protein extraction and analysis

INTRODUCTION chromosomesl). To date, these genes have not been completely

From a functional point of view, wheat proteins are classified characterized with the exception of-amylase and trypsin
into gluten and non-gluten proteins. The gluten proteins are inhibitors (10).
constituted by gliadins and high and low molecular weight  Despite an increase in the number of DNA markers available
glutenins (HMW-GS and LMW-GS, respectively). The non- for wheat, polymorphic protein markers continue to be valuable
gluten proteins, comprised of both albumins and globulins, as they provide simple and economical assays. Wheat proteins
represent 15—20% of the total proteins and mainly occur in are very difficult to separate and quantify because of their
the outer layers of the kernel); Albumins and globulins are  complexity and their interactions. Among the analytical tech-
mainly metabolic and structural protein®)(the storage pro- niques used for the separation of cereal proteins (A-PAGE, SDS-
teins, generically named triticins, are little represented in PAGE, 2-DE, and RP-HPLC), capillary electrophoresis (CE)
these fractions 3). The high molecular mass albumins s being used increasingly. CE can be completely automated
include enzymes, such ag-amylase, involved in meta- and does not need toxic reagents or long analysis times. It
bolic activity, while the low molecular mass albumins (LMM  requires very small sample sizes and small amounts of buffer
albumins) include a variety of trypsin angramylase inhi-  and allows high-resolution separation. Nowadays, this technique
bitors that are implicated in plant defensé) @nd germi- s widely used for gliadin and glutenin analysis}, while very
nation ©). Some oxidative enzymes such as polyphenoloxidase jittle research has been focused on the development of CE
(PPO) and peroxidase that affect the end-use quality, beingmethods for separating the water-soluble proteins. This can be
responsible for the discoloration of food products, are also aitriputed to several reasons. First of all, difficulties are
components of the water-soluble protein fracti6h Moreover,  asg0ciated with the analysis of water-soluble proteins by means
a number of salt-soluble proteins have been identified as ot CE pecause these proteins have a high tendency to bind to
allergens that contribute to bakers asthma, a typical 0C- the inner walls of fused silica capillaries as a consequence of
cupational allergic disease that has been in existence sincepqir high amounts of basic amino acidé2f. Moreover,

ancient Rom_an_ times (78.)' Albgmms and globulins are. compounds such as free amino acids, DNA, and carbohydrates
nut_r|t|0nal_ly S|gn_|f|cant, havmg a h|gher content of the essential being partially or completely soluble in water can interfere with
amino aC|ds. lysine and methionine as compgreq to the glutenCE analysis (11). On the other hand, the low polymorphism
protein fraction 9). As a consequence of their wide range of previously described for wheat albumins greatly discouraged
functions, the_ non-gl_uten proteins are encoded by dozens Ofefforts to develop new CE methodologies. However, a recent
genes belonging to different families and are located on Severalstudy demonstrating the utility of isoelectric focusing analysis
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Table 1. Composition of Separation Buffers Tested in this Study?

work code composition of separation buffers operating conditions

phos 0.050 M sodium dihydrogenphosphate (pH 2.5), 0.05% (w/v) HPMC, 10 kV for 10 min, 35 °C, 1 min ramp-up time
20% (v/v) ACN

phos-gly 0.1 M phosphoric acid/glycine (pH 2.5), 0.05% (w/v) HPMC, 20% (v/v) ACN 12 kV for 10 min, 35 °C, 0.17 min ramp-up time

asp 0.040 M aspartic acid, 0.05% (w/v) HEC, 4 M urea, 20% (v/v) ACN 22 kV for 5 min, 42 °C, 1 min ramp-up time

phos-ala 0.1 M phosphoric acid/3-alanine (pH 2.5), 1 M urea, 0.05% (w/v) HPMC, 15 kV for 9 min, 35 °C, 1 min ramp-up time
20% (v/v) ACN

phos-phy 0.020 M phosphate (pH 6.8), 0.030 M phytic acid sodium salt, 20% (v/v) ACN 12 kV for 18 min, 25 °C, 0.17 min ramp-up time

phos-HSA 0.050 M phosphoric acid (pH 2.5), 0.05% (w/v) HPMC, 0.050 M HSA-Na salt, 18 kV for 12 min, 35 °C, 1 min ramp-up time
20% (v/iv) ACN

a0nly the best operating conditions for each buffer are reported.

Lookhart and Beanl@) attributed to water-soluble proteins CE Analysis. A Beckman P/ACE MDQ (Fullerton, CA) equipped
the early migrating peaks of 70% ethanolic extracts analyzed with a UV detector set at 214 nm was used in this study. Separations
under separation conditions optimized for gliadin separation. Were carried out using an uncoated fused S|I|ca_ capillary that was 27
However, under these conditions, the height of peaks related toS™ in length (20 cm to detector) and had a/5@ i.d. Samples were
water-soluble proteins is too low to have an analytical value. Mected for 5 s at 0.fsi. The composition of the tested buffers as
Scholz et al. 14) studied the accumulation of different wheat well as the optimum separation conditions are reportelchinle 1. All

in f . duri h . fwh K | . buffers were prepared in 18 ® cm distilled and deionized water
protein fractions during the maturation of wheat kernels using (Milli-Q water system Millipore, Billerica, MA). All chemicals were

a phosphoric/p-alanine buffer (pH 2.5) containing urea, hy- analytical reagent grade. The capillary was rinsed at the end of each
droxypropylmethylcellulose (HPMC), and acetonitrile (ACN) day by flushing with 0.1 M NaOH for 3 min and with water for 20
as a background electrolyte. Bean and Till&yp)( obtained min. Beckman Karat 32 software was used for storing, manipulating,
excellent resolutions using a phosphate buffer, pH 2.5, with the and comparing electropherograms as well as for the peak area
addition of hexanesulfonic acid (HSA) and acetonitrile. Finally, calculations. For each test, CE analysis was repeated on different
Bonetti et al. {6) described the simultaneous analysis of extracts on the same days and on different days.
albumins and gliadins with a basic buffer consisting of boric ~_ Statistical Analysis. The reproducibility of CE analysis under the
acid, sodium tetraborate, phosphoric acid, polyethylene glycol dlfferer!t experimental _condltlons |r_1\{est|gated in this study was
(PEG), and ethanol. de_terrr_nned_ by calcul_atlng the coefflc_lent of variation (RSD %) of
The present research was designed to compare some C%ﬂlgratlon times relative to the prominent peaks detectable in the
. ! . - lectropherograms. The calculation was carried out on three runs. As
protocols available in the literature for the analysis of water- .,,coms the analysis of artificially adulterated samples, three analyses
soluble wheat proteins. Attention was also devoted to the \ere realized for each calibration point. The regression equation was
methods used for protein extraction from both whole meal and cajculated using the least-squares method, and confidence intesvals (
flour. The development of a reliable CE method for separating < 0.05) were determined for each adulteration level.
these wheat proteins would allow for their regular analysis.

RESULTS AND DISCUSSION
CZE Separation of Water-Soluble Wheat Proteins.The

MATERIALS AND METHODS

Wheat Samples.Seeds of six cultivars or accessions belonging ity of CE methods developed to separate cereal proteins
to different Triticum species were used in this study. The cultivars | H buff ith dditi .
were ‘Norba’ {Triticum durumDesf.), ‘Rio’ (T. aestiumL.), ‘Farvento’ use low pH buffers with one or more additives to improve
(T. dicoccumSchrank.), and ‘Forenza’ (T. spelta). The tested .protem.solublllty and reduce protetinner capll!ary wall
accessions were one each for einkdfnrionococcurh.) MG 300007 interactions that adversely affect the peak resolution. Bean and
and oriental wheafT( turanicumJakuz.) Pl 192658. Cultivars and the ~ Lookhart (17,18) separated wheat albumins with a 50 mM
einkorn accessions were obtained from the Istituto di Genetica Vegetale,sodium phosphate buffer, pH 2.5, containing HPMC and ACN
CNR (Bari, Italy), while the oriental wheat accession was from the (Table 1). The electropherogram relative to albumins extracted
USDA. Whole and refined meals were analyzed only for the four from the whole meal of cv. ‘Norba’ and analyzed according to
cultivars. Seeds were milled in a mill Ciclotec 1093 (Tecator, Sweden) the Bean and Lookhart protocol is shownFiigure 1, traceB.
:0 obtain W:‘r?le mtealls, while ? thabliarmllllz';RBé?qna;hltalyg_ WZS usef' The protein separation was successfully performed over 9.0 min,
0 remove the ouler layers of Ihe kernel fo oblain the refined meass. 5, although a partial overlap of some peaks occurred, the

As concerns the analysis of artificially adulterated durum wheat .
Y y verall peak resolution was acceptable. The replacement of the

semolina, a set of samples was prepared. The adulterant common wheeﬁ_ . - ) -
blend, cv. ‘Rio’ flour, was added with decreasing percentages (25, 20, Nigh-conductive sodium dihydrogenphosphate with the lower

15, 10, and 5%, w/w) in the semolina of the durum wheat cv. ‘Norba’. conductivity glycine Table 1, phos-gly buffer) slightly reduced
Adulterated samples were extracted in triplicate and processed asthe time of analysis but produced a tangible loss in peak
described for the uncontaminated ones. resolution (Figure 1, tracd\). Advantages associated with the
Albumin Extraction. Whole or refined meal (40 mg) was extracted use of isoelectric buffers for the analysis of cereal storage
with deionized water (1:5, w/v) for 8 min at room temperature with proteins are widely described in the literatut®, 20). Isoelectric
continuous vortexing. After centrifugation for 10 min at 12 000 rpm, compounds have pl values that are approximately equal to their
the supernatant was collected and used for CE analysis. The sameyqjye in solution, allowing them to provide a good buffering
procedure was used for the extraction with 30% ethanol in water. capacity without the need of a co-ion. Because of these unique

Gliadin removal before the extraction of water-soluble proteins was : . . b
carried out as follows. Wheat meal (60 mg) was extracted with cold propertles, isoelectric buffers have an extremely low conductiv-

ethanol (70%) in water (1:5, wiv) for 30 min at room temperature with 1Y, allowing very fast protein separations. With a 40 mM
periodical vortexing. After centrifugation for 15 min at 9000 rpm, the aspartic acid bufferTable 1, asp buffer) containing hydroxy-
supernatant was discharged, and the pellet was air-dried. The pelletethylcellolose (HEC), urea, and ACNZ), less than 3 min was
was successively extracted with deionized water as previously described sufficient to complete the water extract analysigy(re 1, trace
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Peaks belonging to the fast migration region are mainly
3 albumins, while gliadins are located in the slow migration
region. The overall pattern of the albumin region obtained with
this buffer was similar to that of the phos or phos-ala buffers,
D but the separation time was longer, in fact, 15 min was required
for completing the run. Moreover, a relatively poor reproduc-
c ibility, attributed by the authors to the separation conditions
(alkaline buffer and 7&xm i.d. uncoated capillary), affected the
analysis. Attempts to separate wheat albumins using an uncoated
capillary with phosphate buffer (pH 6.8) containing phytic acid
sodium salt as a buffer modifier or phosphate buffer (pH 2.5)

Absorbance at 214 nm

B with the addition of HPMC, 1-HSA sodium salt, and ACN as
] additives resulted in a poor resolution and in a considerable
broadening of protein peaks (data not shown).
E Water Extract Stability. It is known that wheat protein
A fractions may show an instability in the course of their
3 preparation, storage, subsequent redissolution, and electro-
phoretic analysisq1). Albumins contain some enzymes that
o 5 : . 5 : 5 : o pould .b.ecome active, when sqlubilized in water, producing.the
instability of extracts. For this reason, before an analytical
Migration time (min) protocol can be successfully used, it is fundamental to check
Figure 1. Effect of buffer composition on resolution of water-soluble that the protein extracts remain unaltered at least over the time
proteins. The extracts were from whole meal of cv. ‘Norba'. Trace A: necessary to carry out the analysis. Scarce information is
phos-gly buffer; trace B: phos buffer; trace C: asp buffer; and trace D: available in the literature about the stability of water-soluble
phos-ala buffer. Buffer composition and separation conditions as in wheat proteins. Bean and Tilley§) reported that modifications
Table 1. of the RP-HPLC chromatogram occur after 10 h of incubation,

at room temperature, of water extracts. Scholz etla),(who
analyzed wheat water-soluble proteins by CZE, did not report
any information about the extract stability. In this study,

C). Moreover, the sharpness as well as the symmetry of peaks
were significantly improved as compared to phos-gly, phos, and

phos-ala buffers (Figure 1, traces, B, andD, respectively). : .
Unfortunately, the reduced sensitivity of the asp buffer, decreas- albumins gxtracted from both whole and refined mea] of the
ested cultivars were repeatedly analyzedroae2 h period.

ing the peak height, makes the detection of the less re resente% N .
9 P 9 P etween subsequent injections, extracts were held in the sample

rotein fractions very difficult. An excellent correspondence of . ;
tphe main peaks is e\)//ident between traBesndC of Igigure 1 storage room of P/ACE MDQ, which was kept atZ5to avoid
while the late migrating peaks of tra@ (more than 7 mir’1) their degradation. The overlays of consecutive runs relative to
cannot be discerned from the noise of tr&:eThis should be 2Nog)a a?: Iior(tanga qutévars are shown as ex;mplégt(re f
taken into consideration because it is a substantial limitation ). Over the teste Period, no appearance or disappearance o
peaks was observed in the electrophoretic profile of extracts

when electrophoretic profiles of different cultivars or wheat biained hol s but ch f patt ident
species need to be compared. Scholz et ) (nvestigated obtained from whole meals, but changes of patterns are evident.

albumin accumulation in wheat kernels by using a phosphate/Increaslng the incubation time before CE analysis improved the

p-alanine buffer, pH 2.5, with the addition of urea, HPMC, and peak visual parameters to a certain extent. The exact reason for
ACN (Table 1 ,phos-.al,a buffer). A slight increase of both this is unknown but is probably related to chemical and/or

separation voltage (from 14 to 15 kV) and capillary temperature physical modifications (,)f the .co-extracted compounds (e.g.,
(from 25 to 35°C) was found to be beneficial to improve the carbohydrate_s, free amino acid, etc.). Further changes in the
resolution and separation efficiency reported by Scholz et al. €/éctrophoretic pattern involved the height of some peaks in

(14). The modifications of the operating conditions allowed the migraﬁring region_ between 4.7 gnd 5.1 min. Howeveri a
completion of the water extract analysis in less than 7 min relationship could exist between the improvement of resolution

(Figure 1, traceD). The electrophoretic patterns obtained with and the height of these peaks. These data indicate that the impact

phos or phos-ala buffer (trac@sandD, respectively) showed of_ extract s_tability on _the eIe(_:trophoretic_ profile can be
a very high similarity. However, the phos-ala buffer gave slighty Minimized without adopting the time-expensive procedures of
superior performances by matching to a shorter time of analysis, Stabilization proposed by Bean and Tilley (15). Acceptable
good resolution, and acceptable visual peak parameters (i.e./€Producibility can be obtained by carrying out the CZE analysis
sharpness, height, and presence of tailing). Moreover, theW'th'” 2 h from the extract!on but avo@mg beglnnmg the run
baseline, after passage of the whole train of peaks, returns toimmediately after extraction to obtain better visual peak
the initial value, suggesting that there is no binding of proteins Parameters. The optimum incubation time was judged to be 1
to the capillary wall. Finally, the examination of the current N. Under these conditions of analysis, the mean variation
profiles did not reveal the fluctuations in the initial stages of COefficients of the migration times (RSD %) relative to the traces
the separation responsible for the drift of migration times from ©Of Figure 2 ranged from+1.7% for the early migrating peak
run-to-run observed when the phos buffer was used. An (4.16 and 4.01 min for ‘quba’ angl ‘Forenza, respectively) and
excellent day-to-day reproducibility of the profile was obtained +3.2% for the late prominent migrating peak (5.61 and 5.19
with this buffer (data not shown). min for ‘Norba’ and ‘Forenza’, respectively).

Recently, the alkaline buffer consisting of borate/boric acid/ Matrix Effect. Water extracts obtained from whole meals
phosphoric acid/PEG/ethyl alcohol has been proposed to analyzeshould be regarded as dirty samples because they likely contain,
albumins and gliadins at the same tini®). This buffer gives in addition to albumins, some compounds, such as free amino
rise to two distinct migration regions in the electropherogram. acids, DNA, and carbohydrates that, being water-soluble, are
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Figure 2. CZE pattern of water-soluble proteins extracted from whole meal repeatedly analyzed over a 2 h period. From the bottom to the top, analyses
were carried out at 0, 1, and 2 h after the extraction. Left: cv. ‘Norba' and right: cv. ‘Forenza’. The phos-ala buffer was used. Separation conditions as
in Table 1.
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Figure 3. Comparison of water-soluble proteins from whole and refined meal (lower and upper traces, respectively). Left: cv. ‘Farvento’ and right: cv.
‘Rio’. Conditions of analysis as in Figure 2.

inevitably co-extracted. Consequently, a remarkable matrix (Figure 3, traceC) appeared to be a typical trend in hexaploid
effect on the electrophoretic profile is predictable. How much wheats, being observed for both ‘Rio’ and ‘Forenza’ cultivars.
the profile can be modified by the kind of matrix (i.e., whole Moreover, a pronounced improvement of the visual peak
or refined meals from which albumins are extracted) is shown parameters, such as sharpness and peak resolution, characterized
in Figure 3. For all the tested species, a higher number of peaks the electrophoretic profiles of the refined meal extracts. It should
was detected in the profiles of extracts from whole meals. In be noticed that the improved peak resolution would greatly
general, several late migrating peaks were missing in the profilesincrease the accuracy of the quantitative analyses. In fact, a
of extracts obtained from refined meals. This suggests that thesehigher resolution will approximate the peak area calculation to
minor protein fractions are present only in the outer layers of the optimal valley-to-valley integration. Conversely to whole
the kernel (the bran), which are removed during milling. At meal extracts, the water-soluble fraction obtained from refined
the same time, quantitative differences affecting the early meal is almost completely free of non-protein compounds that
migrating peaks suggested that these fractions are predominanadversely affect either the electrophoretic profile or the extract
in the endosperm. A remarkable increase of the peak at 4.5 minstability over the time. Electropherograms of water-soluble
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Figure 6. CZE pattern of 30% ethanolic extract from whole meal of cv.
A ‘Rio’ analyzed at 0, 1, and 2 h (traces A—C, respectively) after the
extraction. Conditions of analysis as in Figure 2.

extraction with water (trac®); and gliadin removal prior to
albumin extraction with water (tradg). As expected, without
a preliminary fractionation of proteins, gliadins were partially
Figure 4. CZE pattern of water-soluble proteins from refined meal of cv. co-extracted together with albumins when 30% ethanol in water
‘Norba' analyzed at 0 and 2 h after the extraction. Conditions of analysis was used as the extraction mediurfigure 5, trace A).
as in Figure 2. However, this is not a disadvantage because two well-separated
regions were detectable in the electropherogram. Peaks belong-
ing to the fast migration region were albumins, while gliadins,
migrating slowly, were detected at a longer time of analysis
(more than 9 min). Because of the poor resolution associated
with the gliadin region, contemporaneous analysis of albumins
and gliadins cannot be performed under these separation
conditions. In contrast, the albumin regidridure 5, traceA,
migration time: 4.6-7.0 min) exhibited a very good resolution.
The comparison with the profile of agueous extragg(re 5,
traceB) clearly evidenced that a better resolution, good visual
peak parameters, and higher sensitivity can be obtained when
30% ethanol is the extraction medium. The efficiency of this
extraction medium was checked by re-extracting the pellet under
the same conditions used for the first extraction. The CE analysis
evidenced an incomplete extraction being that the peak intensi-
ties of the second extract were about 40% of those recorded
for the first extraction step. The removal of gliadins through a
pre-extraction resulted in the worst protocol among those
comparedFigure 5, traceC). Peaks were poorly resolved, and
their heights were significantly inferior to those of tra&and
Figure 5. Effect of extraction medium on CZE pattern of water-soluble C in Figure 5. This could be attributed to the partial co-
proteins from cv. ‘Rio’ whole meal. Trace A: 30% ethanol in water; trace extraction of albumins together with gliadins during the first
B: water; trace C: sequential gliadin-albumin extraction. Conditions of step of this protocol.
analysis as in Figure 2. Stability of 30% ethanol extracts was also investigated by

analyzing repeatedly the extracts o2 h period. As shown

in Figure 6, the observed reproducibility was excellent over
proteins extracted from ‘Norba’ semolina are shown as examplesthe tested time and certainly superior to that shown, over the
(Figure 4). An excellent separation combined with a high same period, for the water extracts (Figure 2). The mean
resolution and a good reproducibility of electrophoretic profile variation coefficients of the migration times calculated for the
was observed over a period of 2 h, if one does not consider thewhole train of the peaks never exceeded 0.6%. These results
two minor late eluting peaks in the 6:#.8 min time window  suggest that 30% ethanol should be preferred as an extraction
detected only in the first run (immediately after the extraction). medium of water-soluble proteins especially when whole meals
The mean variation coefficients of the retention time relative need to be analyzed.

T T T T T T T T
Migration time {min)

Absorbance at 214 nm

a1z 3 4 5 & 7 8 & m
Migration time (min)

to the early and middle migrating peak (4.870.61 and 5.10 Applications of CZE Analysis of Albumins. Wheat Species
+ 1.30%, respectively) were inferior to those reported, in the Differentiation. To test the ability of the phos-ala buffer to
previous section, for whole ‘Norba’ meal. successfully differentiat@riticum species, water-soluble proteins

Effect of Albumin Extraction Procedure. The protocol used extracted from six species were analyzed under the optimized
for the protein extraction can also affect the electrophoretic conditions of extraction and analysis. As showrFigure 7, a
pattern. InFigure 5 are compared the profiles of extracts good separation of protein extracts was obtained for all species.
obtained from ‘Rio’ whole meal according to the following Moreover, the electrophoretic patterns resulted highly differenti-
procedures: extraction with 30% ethanol in water (trage ated, several differences being detectable in the whole range of
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Authenticity Test of Durum Wheat Semolina. Pasta made
from durum wheat is considered superior in several qualitative
aspects to that manufactured from common wheat or a mixture
of durum and common wheat. For this reason, Italian law
prohibits the manufacturing of pasta for sale in Italy containing
more than 3% common wheat. Therefore, it is important to
establish quick analytical methods for controlling raw material
composition. The official Italian method for the detection and
quantification of common wheat adulteration of durum wheat
semolina is based on the separation of alboumins by native-PAGE
or IEF (22,23). A recent study has shown the usefulness of
CZE to check for wheat adulteratioh). This method is based
on the quantification of two peaks specific for common wheat
and not present in the profile of agueous durum wheat extracts.
As previously discussed, the basic buffer used by Bonetti et al.
c (16) and the phos-ala buffer used in this study give electro-

phoretic patterns with high similarities. This suggested that CZE
B analysis of water-soluble proteins carried out with acidic buffers
could be suitable to detect semolina adulteration. Potential
diagnostic peaks are the early migrating ones 4.5 min)
markedly pronounced in the profiles of hexaploid species
A (Figure 3, traceC) but are very little representedrigure 3,
traceA) or absentFigure 4) in the tetraploid ones. The analysis
T . of a set of artificially adulterated semolina samples has shown
Migration time (min) that the area as well as the height of both diagnostic peaks
Figure 7. Separation of 30% ethanolic extracts from whole meal of six increased with the adulteration level. These direct relationships
wheat species. Bottom: trace A: durum wheat cv. ‘Norba’; trace B: emmer enabled straight lines to be constructed between level of
cv. ‘Farvento’; and trace C: oriental wheat accessions Pl 192658. Top: adulteration and area of diagnostic peaks. Correlation between
trace D: common wheat cv. ‘Rio’; trace E: einkorn accession MG300007; adulteration level and area of diagnostic peaks resulted in being
and trace F: spelt cv. ‘Forenza’. Conditions of analysis as in Figure 2. better than that between adulteration level and height of peaks
(r > 0.95 vsr < 0.85). Moreover, a lower adulteration threshold
migration times. The einkorn accession had a unique profile (5% w/w) was found to be associated with the late migrating
(Figure 7, traceE) constituted by several minor peaks between diagnostic peak (4.5 min). For this reason, this peak seemed to
4.0 and 6.6 min. In addition, two poorly resolved clusters were be more appropriate to accurately quantify the adulteration level
detected at migration times (7.2 and 8.1 min) that were inter- in the studied range according to the following equation:
mediate compared to those of albumins and gliadins. As
shown in the figure, no prominent peaks with comparable diagnostic peak area
migration times were observed in the profiles of the other 198.00+ 142.00% adulteration (3% 0.973)
species.

The most notable difference among the electropherogramsWhen raw material needs to be analyzed, an assay based on
relative to emmer, spelt, oriental wheat, and common and durumCZE is certainly faster and cheaper with respect to the methods
wheat samples was the number of peaks detectable in the 4.0 based on DNA analysis that were recently propos&l 25),

7.0 min time window. This zone of electropherogram clearly the use of which could be restricted to the analysis of processed
differentiates tetraploid (emmer, oriental, and durum wheat) food, such as pasta. Prospects for new assays for the detection
from hexaploid (spelt and common wheat) cultivars. In fact, of durum wheat adulteration depend on their validation through
more than 15 peaks and shoulders can be detected in the profilesing tests among different laboratories. In fact, any technique

Absorhance at 214 nm

1 7 K 4 A [ 7 7 q n

of ‘Rio’ and ‘Forenza’ Figure 7, tracesD andF, respectively). intended to be used routinely requires that the measured
Conversely, the main body of albumins relative to the tetraploid component be independent of the wheat cultivar and be
‘Norba’, ‘Farvento’, and oriental wheat sampleSidure 7, determined in an accurate and reproducible manner. The
tracesA—C, respectively) was constituted byfive to six presented CZE method could be appropriate for raw material

pronounced peaks. It should be emphasized that the number ofinalysis, while DNA based assays are useful to check pasta.
peaks detectable in the profile of wheat species is not affected Conclusion. This study showed that acidic buffers permit
by the kind of matrix (whole or refined meal) from which the separation of hydrophilic wheat albumins with a good
extracts were obtained. A further advantage of this methodology selectivity and efficiency. With respect to the analysis on PAGE
is represented by the very short time of analysis. In fact, samplesand RP-HPLC, CZE is less time-consuming, requires a very
belonging to species with different ploidy levels can be low sample volume, and does not produce large organic solvent
differentiated, on the basis of the main body of water-soluble waste. The protein separation was complete in less than 8 min
proteins, with a time of analysis of-8 min, allowing higher with the phosphatgfalanine buffer system. This buffer provided
throughput as compared to the traditional gel electrophoresis.good resolution and repeatability. Moreover, the presented
This is very advantageous when a large number of samples (i.e. protocol would allow fast differentiation ofriticum spp. with
germplasm collections) need to be analyzed. On the other handdifferent ploidy levels and can be used for detecting and
the screening of a high number of samples for each species will estimating the adulteration of durum semolina with flour from
provide useful information on the efficacy of CZE analysis of common wheat varieties. More work is needed to develop
water-soluble proteins to discriminate species with equal ploidy further applications of this methodology. For example, it should
levels. be useful in screening wheat enzymes, once identified in the
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electropherograms, for a relationship to end-use quality such (14)
as food coloration and baking quality.
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