
G
R AV I TAT I O NA L F I E L D-F L OW f ra c t i o n at i o n
(GFFF)1 is applied here for the character-
i z ation of wine yeasts. It is simple, n o n-

d e s t ru c t ive, i n ex p e n s ive, and easy to implement
in a standard HPLC system. A c t ive dry wine
yeasts are now used throughout the industry, a n d
quality control of the cells is mandat o ry befo re
fe rm e n t ation and during the winemaking pro c-
ess. A p revious study2 rep o rted the suitability of
GFFF for the analysis of this kind of sample. The
m e t h o d o l ogy developed earlier was improved by
modifying the sep a ration channel walls to de-
crease sample adsorption, and the new conditions
were applied to the same yeast strain before test-
ing for comparison. The GFFF p ro files could be
used to ch a ra c t e ri ze yeast samples because of
d i ffe rences in their morp h o l ogical fe at u res; in
this study, the use of sily l ated glass channels to
improve the analysis of yeast samples was inves-
t i gat e d. A Coulter counter technique was also
used to assess the corre l ation of GFFF re s u l t s
with size distribution of the sample.

Experimental

Methods and equipment

To improve on the earlier method,2 the na-
t u re of the channel walls was modified by sily-
l ation of the glass wall. Sily l ation was per-
fo rmed by immersion of the glass plates in a
1 0 % solution of hex a m e t hyldisilazane (HMDS)
(S i g m a , St. Louis, MO) in toluene (M e rck
K G a A , D a rm s t a d t , G e rm a ny) for 24 hr. A f t e r
the conditioning step , the vo l atile organic sol-
vent was allowed to evap o rate at room tempera-
t u re prior to assembling the channel. The di-
mensions of the resulting ri bb o n l i ke ch a n n e l
we re 0.0109 cm thick , 2 cm wide, and 30 cm
l o n g. Experiments we re perfo rmed using an HP
model 1050 LC (H ewlett Pa ck a rd, Palo A l t o ,
CA) with an HP model 1050 UV-VIS spec-
t rophotometer detector. The channel outlet wa s
connected to the UV-VIS spectro p h o t o m e t e r
t h rough a polye t h e rether ketone (PEEK) union.
The channel void vo l u m e, Vo, was 0.601 mL.
Other ex p e rimental conditions we re the same
as those prev i o u s ly descri b e d,2 t h u s , an injec-
tion time of 45 sec with an injection fl ow of 0.2
m L / m i n– 1 was ap p l i e d. The stop fl ow time wa s
6 min. A c a rrier solution composed of 0.5%
Tri t o n® X-100 (F l u k a , B u ch s , S w i t ze rland) in
M e O H / H2O (20:80) was used. The carrier fl ow
rate was 0.2 mL/min– 1. All the fra c t ogra m s
we re obtained at 330 nm and the analyses we re
p e r fo rmed at room temperat u re.

Coulter counter size measurements we re car-
r ied out through a Multisizer I I (C o u l t e r
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C o rp . , H i a l e a h , FL) set for 256-channel analy-
sis. Ap e rt u re size was 70 µm (measure ra n k :
f rom 2 to 60% of nominal ap e rt u re size). In-
s t rumental calibration was perfo rmed with Cal-
i b ration Standard Po ly s t y rene Lat ex of 18.5 µm
(Coulter Electro n i c s , L u t o n , U.K.) accord i n g
to the instruction manual of the instru m e n t .
D i s p e rsions of 0.05% (wt/vol) of yeast sample
we re diluted 1:1000 with a specific isotonic
re agent (Isoton II, Coulter Corp .). The analy t i-
cal volume was 500 µL. All measurements we re
rep l i c ated three times.

Active dry wine yeast

The sample was a commercial active dry wine
yeast from the S a c ch a ro myces cerevisiae s t ra i n
named Fe rmol Bouquet (courtesy of Dr.  J.
G u a s ch , G roup of Química Analítica Enològica i
dels A l i m e n t s , U n ive rsity Rov i ra i Vi rgi l i , Ta rrag-
o n a , Spain). The sample was dispersed at 0.05%
( w t / vol) in the carrier liquid and kept at 4–5 °C
b e fo re the analysis. Sample tre atment was sonica-
tion for 1 min in the carrier liquid and equilibra-
tion for 15 sec befo re injection in the GFFF ch a n-
nel. The amount injected was always 20 µL.

Results and discussion

I n t e ractions between cells and the glass
channel wall can be produced due to the pre s-
ence of polar groups on the wall surface; these
i n t e ra c t i o n s3 a re re s p o n s i ble for both losses of
rep roducibility and increases in elution times.
Polar interactions between cells and sylanol
groups on wall surfaces we re prevented using
the glass channel prev i o u s ly sily l ated with
HMDS; thus, f ra c t ograms showing better re s o-
lution and lower elution times than those on
n o n s i ly l ated glass channel we re obtained. As an
ex a m p l e, Fi g u re 1a s h ows the fra c t ogram of the
Fe rmol Bouquet sample using the glass ch a n n e l
b e fo re sily l at i o n , and Fi g u re 1b s h ows the cor-
responding fra c t ogram for the same sample
when the sily l ated channel obtained under the
conditions described in the ex p e rimental sec-
tion was used. A clear bimodality can be ob-
s e rved on the elution pro file when using the
s i ly l ated ch a n n e l , p ro b ably due to the diffe re n t
cell size population inside the sample, wh i ch
p roduced the ap p e a rance of two poorly re-
s o l ved peaks (Fi g u re 1b) .

In contra s t , bimodality was not cl e a rly ob-
s e rved in the fra c t ogram obtained with the
n o n s i ly l ated channel; in this case, an import a n t
f raction of cells seemed to be eluted toge t h e r
with the void volume (Fi g u re 1a). Diffe re n c e s
in the sep a ration process we re re l ated to the
ch a n ges of polarity pro p e rties of the modifi e d
channel surfa c e, wh i ch reduced ionic intera c-
t i o n s , thus preventing adsorption phenomena.
In accordance with this fa c t , the elution time
for the whole peak was signifi c a n t ly re d u c e d.
In the fra c t ogram obtained with the sily l at e d
channel only 14 min was necessary, wh e re a s
with the nonsily l ated one 20 min was needed
( Fi g u re 1), wh i ch indicated fewer intera c t i o n s
b e t ween yeast cells and channel wall surfa c e
when the channel has nonpolar wa l l s .

Figure 1 a) Fractogram of Fermol Bouquet obtained for a
GFFFchannel with polar walls. b) Fractogram of Fermol Bou -
quet obtained for a GFFF silylated channel.Experimental
conditions described in text.
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Figure 2 Cell size distribution obtained with Coulter counter
technique for a Fermol Bouquet yeast strain.Experimental
conditions described in text.

continued



Because GFFF results depend in part on cell
s i ze, the Fe rmol Bouquet strain was also ana-
lyzed by the Coulter counter technique, obtaining
the histogram of the total cell populat i o n , and so
a corre l ation between them could be establ i s h e d.
Figure 2 shows the cell size distribution obtained
f rom 2 to 6 µm for a cell population count of
99,626. Two diffe rent groups of cells can be ob-
served, showing a mean size of 2.70 and 3.75 µm,
re s p e c t ive ly. The Coulter counter info rm at i o n
was in agreement with the fractogram obtained in
G F F F with the sily l ated glass walls; the bimodal
profile could also be explained by the presence of
these two populations of cells.

The stability of the sily l ated surface must be
ch e cke d, and a periodic sily l ation process is
n e c e s s a ry to obtain rep ro d u c i ble results. A c t u-
a l ly, the quality of the surface was establ i s h e d
by observing the retention behavior of benzo i c
acid as marker compound, a n d, after a run of
35–40 sample injections, the channel had to be
s i ly l ated again. In spite of this, the ap p l i c ab i l i t y
of this modified channel was stat e d, s h ow i n g
t h at the ch a ra c t e ri z ation of seve ral types of
yeast is possible with GFFF at ve ry low cost
and simplicity. Furt h e rm o re, this technique can
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ity assurance of the final product and to ke ep
the process under contro l .
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help not only in the cell morp h o l ogy control of
the yeast befo re its use, but also during fe rm e n-
t ation pro c e s s e s .

Conclusion

The use of a sep a ration channel with sily-
l ated glass walls has allowed improvement on
the methodology developed in a prev i o u s
wo rk .2 A c o m m e rcial type of S a c ch a ro my c e s
c e revisiae wine yeast was analy zed using GFFF
with a sily l ated glass ch a n n e l , and more info r-
m ation and sample throughput than when using
a glass channel we re ach i eve d. The yeast sam-
ple studied showed a bimodal elution pro fi l e
due to diffe rences in cell size distri bution. To
ve rify the GFFF re s u l t s , another technique fo r
p a rt i cle sizing such as the Coulter counter wa s
u s e d. The obtained cell size distri bution agre e d
well with the GFFF re s u l t s , and makes it possi-
ble to confi rm that the yeast population was not
a homogeneous sample in size nor cell nu m b e r.
Th e re fo re, the GFFF t e chnique using sily l at e d
channels could provide a simple way to analy ze
a c t ive dry wine yeast befo re and during wine-
m a k i n g, wh i ch would be necessary for the qual-
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