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Progressive freeze concentration of whey protein solutions is evaluated. Since solutions in industry are more
complex, the effect of the addition of sodium chloride and sucrose on the inclusion behaviour is studied as well.
Using a progressive freeze concentrator solutions of whey protein and mixtures of whey protein and/or sucrose
and/or sodium chloride were freeze concentrated. At an initial concentration of 4%(w/w), whey proteins were
not included in the ice fraction. At higher concentrations the inclusions are caused by the increase in viscosity in
the boundary layer, impeding mass transfer. The addition of sucrose caused a similar effect. Presence of sodium
chloride causes inclusions through the occurrence of a zone where the solution is locally super-cooled and leads
to the formation of dendritic ice which encapsulates pockets of solution in the ice layer. Mixtures of both sucrose
and sodium chloride gave no additive effect on solute inclusion but just a concurrent effect.

1. Introduction
Protein recovery in the food industry from side streams that may
contain plant or dairy proteins, has gained increasing interest as it not
only can prevent pollution, but can also yield a high value protein
product (Waglay et al., 2014). During recovery these proteins need to be
concentrated and dried. For concentration, typically processing steps
such as evaporation under reduced pressure, or reversed osmosis are
applied. Even evaporation at reduced pressure imposes a significant
thermal load to the proteins and thus negatively affects the properties of
the proteins. Reversed osmosis is a milder concentration method, but is
limited in the concentration factor it can achieve, due to the rapid in
crease in the osmotic pressure at higher concentrations. Therefore, in
this study we investigate freeze concentration as a method to concen
trate protein aqueous streams. A major advantage of freeze concentra
tion is the very low temperature during processing, which retains the
quality of the proteins by for example retarding undesired proteolysis
and browning (Deshpande et al., 1984; Janson et al., 1974; Voudouris
et al., 2017). Freeze concentration is performed by selective growth of
ice crystals in suspension or in an ice layer. The latter approach, often
referred to as progressive freeze concentration, is less known than sus
pension freeze concentration, but requires less complicated and thus
more economic equipment (Sánchez et al., 2011b). After an ice layer is
grown the concentrated solution is drained from the system, and the ice
is melted and drained in its turn. The cycle can then be repeated.

In literature, only few scientific studies on progressive freeze con
centration have been reported. The solutions evaluated ranged from
pure solutions comprising only bovine serum albumin (Janson et al.,
1974; Singh & Roos, 2006) to more realistic streams, such as dairy
streams (Belen et al., 2018; de Bona Muñoz et al., 2019; Dickey et al.,
1995; Sánchez et al., 2011b; Sánchez et al., 2011a) and tofu process
streams (Belén et al., 2013; Belén et al., 2012). Janson et al. (1974)
assessed progressive freeze concentration for dilute (<0.2% (w/v))
serum albumin solutions with varying concentrations of salt. They
concluded that freeze concentration is suitable for concentration of
dilute protein solutions and showed that the native protein activity was
preserved. However, they also observed that at higher protein or salt
concentrations the protein yield was reduced due to increased protein
inclusion in the ice. Sánchez et al. (2011a) evaluated falling film freeze
concentration of whey on pilot scale and observed that the loss of dry
matter increased at higher concentrations. Unfortunately, they did not
analyse whether specific proteins of the whey were lost more than other
proteins present in the whey. Belen et al. (2018) noticed during freeze
concentration that lowering the salt concentration in whey improved the
separation efficiency. We therefore hypothesize that the inclusion of
protein in the ice is influenced by the change in freezing point due to the
low-molecular weight components that accumulate in the concentration
polarization layer. We think that the difference between salts and su
crose is created by the very high viscosity of the high concentrations of
sucrose in this polarization layer in combination with the low
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2. Materials and methods

Table 1
Overview of the prepared whey protein–sucrose–salt mixtures. The concentra
tions in the right bottom cell of the table indicate the concentration of whey
protein in the solution [%(w/w)] as combined with different salt and/or sucrose
concentrations, which are stated in the first column and row, respectively.

0
0.5
1
4

Whey protein isolate (>99% protein, <0.5% fat and lactose, BiPro™)
was purchased from Davisco (Switzerland). Sucrose and sodium chlo
ride were obtained from Sigma–Aldrich (Germany) and were of
analytical grade (>99.5% pure). Solutions with whey protein isolate
were prepared at 4, 6, 8, 10, and 12%(w/w) dry matter. Whey protein
isolate and sucrose mixtures were prepared at 4%(w/w) whey protein
isolate and 0.5, 1, or 4%(w/w) sucrose and a set at 8%(w/w) whey
protein isolate and 1 or 4%(w/w) sucrose was prepared. Whey protein
isolate and sodium chloride mixtures were prepared with 4%(w/w)
whey protein and 0.5, 1, or 4%(w/w) sodium chloride. 8%(w/w) whey
protein isolate solution were prepared with 1 or 4%(w/w) NaCl. All
mixtures are summarized in Table 1. The solutions were prepared by
dissolving the sucrose and/or the sodium chloride, subsequently, adding
the whey protien isolate. The solution was stirred until all material was
dissolved. The solutions were stored overnight in an ice bath (0 ◦ C) to
ensure complete hydration. All solutions were prepared with deminer
alized water.

Sucrose [%(w/w)]
0

0.5

1

4

4, 6, 8, 10, 12
4
4, 8
4, 8

4

4, 8

4, 8

4, 8
4

4
4, 8

temperatures, giving rise to high viscosities and concurrent low diffu
sivities of the protein in this polarization layer.
Most industrially relevant streams that may be subjected to freeze
concentration are mixtures of different solutes. Specifically, most pro
tein solution contain salts and carbohydrates, which may affect the in
clusion of the proteins. To mimic such industrially relevant solutions, we
investigate the influence of sodium chloride and sucrose as model
components on the progressive freeze concentration of whey protein
isolate. Whey protein was chosen as model protein as it is well-soluble
and readily available in high purity. The freeze concentration experi
ments were performed on lab scale in a stirred vessel with a cooling plate
at the bottom, using optimal freeze concentration conditions based on
our earlier work (Vuist et al., 2020). For different combinations of whey
protein isolate, sodium chloride and/or sucrose, we determined the
solute inclusion in the ice and the liquid solute concentration to establish
the effective overall distribution coefficient. A systematic set of experi
ments allowed us to distinguish between the effect of various sucrose
and sodium chloride concentrations and combinations thereof on the
performance of the freeze concentration. We employed a range of su
crose and sodium chloride concentrations that seem realistic for future
application and can be expected to affect the charge of the proteins and
viscosity of the solution and therefore protein functionality (Ghanimah
& Ibrahim, 2018). To test the hypotheses for more concentrated whey
protein solutions, an additional set of experiments was conducted at a
higher initial concentration of whey protein isolate.

2.2. Freezing point measurements
The freezing points of the solutions were determined using differ
ential scanning calorimetry (DSC). Samples (10–20 μg) were inserted in
a closed pan and introduced in the calorimeter (DSC250, TA In
struments, USA). An empty pan was used as a reference. The sample was
then equilibrated to − 30 ◦ C and kept there for 1 min to ensure full
crystallisation of the sample. Then a heating ramp of 0.5 ◦ C/min was
started until 20 ◦ C. After this the cycle was repeated but then with a
heating ramp of 0.1 ◦ C/min. The obtained DSC thermograms were
analysed for the endothermic peak, using the software interfaced with
the DSC. The peak temperatures from the ramp of 0.1 ◦ C/min was used
as the melting temperature.
2.3. Progressive freeze concentration

Thermocouple (Type T)

The progressive freeze concentration experiments were carried out
in a stirred vessel, shown in Fig. 1, as described in our earlier work (Vuist
et al., 2020). To prevent super-cooling of the to be concentrated solu
tion, a droplet of 100 μL demineralized water was deposited and frozen

Data
Logger

90 mm
90 mm

NaCl [%(w/w)]

2.1. Materials and solution preparation

Freeze Plate

Cryostat

Fig. 1. Picture (left) and schematic overview (right) of the used freeze concentrator.
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Fig. 2. Measured freezing points for the pure whey protein solutions (top) and the mixtures (bottom). The error bars indicate the standard deviation (n = 2). The
dashed lines are drawn to guide the eye.

on the pre-cooled surface before each experiment, to supply a sead for
the freezing process. The temperature of the cryostat was then adjusted
to 2.5 ◦ C below the freezing point of the feed solution. After a 5-min
waiting time approximately 500 mL feed solution was introduced to
the system and the cooling programme was initiated. The cooling pro
gramme used for all experiments started at 2.5 ◦ C below the freezing
point and then decreased at a rate of 0.1 ◦ C/min. This cooling pro
gramme was established in our previous work and was found to give to a
minimum of solute inclusions for sucrose and maltodextrin solutions in
the same vessel (Vuist et al., 2020). The stirrer was operated at 500 rpm,
as this speed minimizes both foam formation and solute inclusion. After
1 h the concentrated solution was removed from the system by pouring
and the ice was cleaned with a tissue paper to remove adhering liquid.
The ice was then melted. The concentrated solution, melted ice, and the
initial feed solution were weighed and sampled for further analyses. The
average concentrations in the ice and in the bulk were determined at the
end of each experiment. The degree of inclusion of the whey protein is
evaluated by calculating the effective distribution coefficient, K (Eq.
(1)), where Ci is the average included dry matter concentration in the ice
and Cl, is the concentration in the concentrated solution after 1 h of
freeze concentration. The concentration factor (Eq. (2)) is calculated for
the composition analysis. Cb is the initial concentration.
K = Ci /Cl
CF = Cl /Cb

2.4. Composition analysis
In order to analyse the concentrations of protein and sucrose in the
feed, concentrate and ice, high-performance size exclusion chromatog
raphy (HPSEC) was used. HPSEC for protein analysis was performed
using a Thermo Ultimate 3000 HPLC (ThermoFisher Scientific, USA)
equipped with two columns TSKGel G3000SWXL (5 μm 300 × 7.8 mm)
and G2000SWXL (5 μm 300 × 7.8 mm), one after the other. The tem
perature of the column oven was 30 ◦ C. The absorbance was measured
with a UV–vis detector at 214 nm. Amounts of 10 μL were injected. The
eluent was 30% Acetonitrile in Milli-Q water with 0.1% Trifluoracetic
acid. The flow rate of the eluent was 1.5 mL/min. HPSEC for sucrose
analysis was performed using Thermo Ultimate 3000 HPLC (Thermo
Fisher Scientific, USA) equipped with the column Shodex KS-802
(300 × 8 mm). The temperature of the column oven was 50 ◦ C. The
refractive index detector Shodex RI-501 (Shodex, USA) was used to
measure the amount of sucrose present in the sample. Amounts of 10 μL
were injected. The eluent was Milli-Q water used with a flow rate of
1 mL/min.
To analyse the amount of salt in the different fractions, a conduc
tivity meter (Mettler-Toledo, the Netherlands) was used. A calibration
curve was made by preparing salt solutions of 0.2%, 1%, 2%, 5% and
10%(w/w) NaCl in Milli-Q water. A linear calibration line was obtained.
The formula for this linear relation was used to translate the measured
conductivity into the salt content in the fractions. This all was done at
room temperature (Mettler-Toledo, the Netherlands).

(1)
(2)

The dry matter content was determined for each sample by pouring a
small amount in a pre-weighed aluminium cup and weighing. Subse
quently, the samples were dried overnight in an oven at 105 ◦ C. After
wards the cups were weighed again, which then allowed us to calculate
the dry matter content.

2.5. Experimental set-up
The freeze concentration experiments with whey protein solutions
were performed as independent duplicates. Thanks to the good repro
ducibility of this first set of experiments, single experiments of each of
the mixtures with the sucrose and sodium chloride mixtures were
3
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effect were studied.

0.5

3.1. Freezing point measurements

0.45

From the exothermic peak the freezing points of the different pre
pared solutions were calculated (Fig. 2). For the solutions with only
whey protein isolate the results are in line with expectations. At 4%(w/
w) WPI there is a small deviation and a temperature above 0 ◦ C is re
ported, for the other WPI solutions the peak is found to be around 0 ◦ C.
The deviation from the expected melting temperature for these samples
is most probably caused by undesired freeze concentration during the
freezing of the sample in the DSC. When this is the case, the shape of the
peak becomes distorted and the measured melting trajectory can be
widened leading to a deviating peak temperature. During our freeze
concentration experiments we assumed that the freezing point depres
sion for pure WPI solutions was negligible. This is reasonable since the
melting point depression based on the molecular weight of the protein is
expected to be negligible.
For the freezing points of the whey protein–sodium chloride–sucrose
mixtures we observe an upwards shift in the expected melting temper
atures. This upward shift is caused by the occurence of a melting range
due to the solution being a mixture and not a pure compound. Since we
are observing a melting peak where the sample is not completely in
equilibrium with the heating element, the peak can be shifted above the
melting temperature of pure water. The observed trends do match the
expectations and, therefore, this shift has no further consequences for
our conclusions. The addition of sodium chloride causes a large freezing
point depression while the effect for sucrose is much smaller. This is in
line with Blagden’s law for freezing point depression (Barrow, 1961).

Distribution coefficient [-]

0.4
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Weight fraction WPI [%(w/w)]
Fig. 3. Solute inclusion in ice for whey protein solutions after 1 h of freeze
concentration. The stirrer speed was 500 rpm and the cooling profile of
− 0.1 ◦ C/min starting at 2.5 ◦ C below the freezing point of the solution was
used. The error bars indicate the standard deviation (n = 2). The dashed line is
drawn to guide the eye.

considered sufficient to examine the effect of the additions of sucrose
and NaCl. For the determination of the dry matter content, two samples
from each fraction were analysed. The full composition analysis was
only performed for the mixtures containing 4%(w/w) protein.

3.2. Freeze concentration of whey protein solutions
Pure whey protein solutions of different concentrations were freeze
concentrated in the stirred vessel using fixed operating conditions, i.e.
stirrer speed and cooling profile were kept the same. By camera obser
vation we observed that the ice growth rate was similar for all solutions:
approximately 50 g of ice was formed during each experiment (data not
shown). During progressive freeze concentration a diffusive boundary
layer is formed on top of the growing ice layer due to the exclusion of
solutes at the interface with the ice. A concentration polarization layer
thus develops in this boundary layer (Myerson et al., 2019). Since the ice

3. Results and discussion
Initial freeze concentration experiments with pure whey protein
solutions were carried out and characterised on solute inclusion
behaviour. Subsequently, the effect of the addition of sucrose and so
dium chloride on solute whey protein inclusion and their combined

Fig. 4. Distribution factor for whey protein–sucrose (a) and whey protein–sodium chloride (b) solutions. The stirrer speed was 500 rpm and a cooling profile of
− 0.1 ◦ C/min starting at 2.5 ◦ C below the freezing point of the solution was used. The dashed line is drawn to guide the eye.
4
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Fig. 5. Dry matter inclusion in ice for whey protein–sucrose–sodium chloride solutions. The stirrer speed was 500 rpm and a cooling profile of − 0.1 ◦ C/min starting
at 2.5 ◦ C below the freezing point of the solution was used. The dashed line is drawn to guide the eye.

concentrated solution in the ice (Ulrich & Stelzer, 2013). In addition, the
solution in the polarization layer is concentrated in sucrose and low in
temperature, and therefore is closer to its glass transition, resulting in a
strong increase in viscosity. This again leads to a larger boundary layer
thickness and reduced diffusion rate which will enhance solute in
clusions in the ice.
The effect of sodium chloride on freeze concentration of whey pro
tein was examined in a similar way. The results of these experiments are
shown in Fig. 4b. However we now see first an initial steep increase in
solute inclusion upon increasing the concentration of sodium chloride,
which levels off at higher concentrations. A similar observation is made
by Sánchez et al. (2011a) and Belen et al. (2018) using fresh whey,
which contains both salts and lactose. After desalination, less whey
protein was included in the ice. Since sodium chloride (58.4 g/mol) has
a larger effect on the freezing point depression, compared to sucrose,
this is expected. Due to the high freezing point depression the resulting
freezing zone with constitutional super-cooling can induce significant
dendritic ice formation (Myerson et al., 2019). Once an area of consti
tutional super-cooling exists, the amount of inclusions becomes depen
dent on the concentration of the solutes in this zone. The concentration
of the solution between the dendrites is dependent on the liquid bulk
concentration, the ice growth rate and the rates of diffusion of the sol
utes, which causes the build-up of solutes in the boundary layer by the
exclusion of solutes from the ice layer. Viscosity plays a much smaller
role for sodium chloride since its viscosity increase is much lower than
that for sucrose (Chenlo et al., 2002), so the main effect will be due to its
freezing point depression.

growth rate can be considered constant, the only difference between the
inclusion rates of the solutes is their ability to diffuse out of the
boundary layer and the thickness of this boundary layer (Burton et al.,
1953). The inclusion of whey protein in the ice is expected to occur via
small pockets of concentrated solution between the growing crystals
(Vuist et al., 2020).
In Fig. 3 these distribution coefficients are shown as a function of the
WPI concentration in the original solution. The inclusion of whey pro
tein increases at higher concentrations, which can be explained with the
rapid increase of the viscosity, or even the formation of a gel layer with
increasing concentration in the solution (Both et al., 2019). This reduces
the diffusivity of the whey protein in the boundary layer and thus lowers
the mass transfer. Since the freezing rate is mostly determined by the
amount of cooling, the whey protein that cannot migrate to the solution
should end up being included the ice. At high concentrations we expect
that a thin gel layer can be formed. In ultrafiltration, gel layers are
routinely found on top of the membrane, and typically have concen
trations between 400–600 g/L (Both et al., 2019). The increase in solute
inclusion at higher concentrations under similar progressive freeze
concentration conditions was also observed by Belen et al. (2018) for
cheese whey and in an earlier review by Sánchez et al. (2011b) for dairy
products. An approach to compensate for the increased loss of whey
protein is to increase the stirrer speed at higher concentrations to reduce
the boundary layer thickness and thereby to enhance the mass transfer
(Vuist et al., 2020); or to reduce the freezing rate.
3.3. Effects of sucrose and sodium chloride addition on solute inclusion
To examine the influence of carbohydrates on freeze concentration of
whey protein solutions, sucrose was added to mixtures of 4 and 8%(w/
w) whey protein, which were then freeze concentrated in the same
manner as the whey protein solutions. The results of these experiments
are shown in Fig. 4a. For both the 4 and 8%(w/w) whey protein solu
tions we observe a linear increase in inclusions with increasing sucrose
concentration. In contrast to the high molecular weight whey proteins,
the addition of sucrose will create a significant reduction in freezing
temperature (Moussaoui et al., 2018), which creates the possibility for
constitutional super-cooling in the polarization layer (Myerson et al.,
2019), and thus for more inclusions. This super-cooling causes the ice to
form dendrites, which results in undesired large inclusions of

3.4. Combined effect on solute inclusion
Since practically relevant streams are usually mixtures of protein,
carbohydrates and/or salts, a set of experiments with model mixtures
were carried out to investigate the effect combinations (Fig. 5). For all
conducted experiments the mass balances for individual and total sum of
solutes were checked. It appeared that on average 97% of the solutes
were found back in the concentrate and the ice compared to the feed, see
also Appendix A. In all the mixtures with sodium chloride a steep in
crease in the distribution coefficient is observed. With more sucrose, this
becomes less apparent (Fig. 5a), just as with higher concentrations of
WPI (Fig. 5b). We expect that the increase in solute inclusion for
5
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1.4
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Fig. 6. Distribution coefficient, K = Ci/Cl, and concentration factor, CF = Cl/Cb, for the individual components in the mixtures containing 4%(w/w) WPI.

mixtures high in sodium chloride is mainly caused by the increase in
freezing point depression. For sucrose this occurs as well, albeit to a
lesser degree due to its larger molecular weight, but the much larger
increase in viscosity exacerbates its effect, since it influences the mass
transfer in the boundary layer. In Fig. 5b the higher concentration of
whey protein mainly has an influence at lower concentrations of the
other solutes. We do not observe an additive effect when we combine
both sucrose and sodium chloride, i.e. when the components are both
present, we do not see any extra increase in inclusions. Since the in
clusions are on the microscopic scale and not on the molecular scale the
protein gets included as well. The increased inclusion at 8%(w/w) is
mainly due to the increased viscosity of the higher concentration solu
tion (Kornet et al., 2021). When comparing to the 4%(w/w) solutions
the addition of sodium chloride and sucrose results in slightly higher
inclusions. From this we can conclude that the freezing point depression
is the dominant effect for promoting solute inclusion when
low-molecular weight components are present.
Finally, we hypothesized that the individual components of the
model system would distribute themselves unequally over the ice or the
solution, because of the different diffusivities of sodium chloride, su
crose and protein. To determine the relative abundance of all compo
nents in the feed, ice and concentrate we used HPSEC for measuring
protein and sucrose content and conductivity measurements for
measuring sodium chloride concentration (Fig. 6). For the mixtures with
1%(w/w) sodium chloride the amount of sodium chloride is much lower
than that in the feed fraction. This could be caused by the difference in
diffusivity. However, because the absolute concentration in this fraction
is quite low, the conductivity measurements are in this case less accu
rate. We can therefore conclude that there are overall no large differ
ences in the inclusion for the different components in the ice compared
to their presence in the concentrate. This may be related to the in
teractions between the multiple components in the system. The con
centrations in the polarization layer are quite high, and the subsequent
higher viscosities will not just reduce the diffusivity of the sucrose, but
also that of the whey proteins and even NaCl, or, in terms of frictions
instead of diffusivities, the high concentrations will cause strong friction
between the individual components, leading to strong coupling between
the individual fluxes of the components. Therefore one should in fact not
relate the inclusions to the diffusivities at infinite dilution, but the dif
fusivities (or intercomponent friction) at these high concentrations.

4. Conclusion
We showed that solutions of whey protein isolate can be successfully
concentrated using progressive freeze concentration. Higher concen
trations of whey protein lead to a higher concentration near the inter
face, which may create a gel layer that impedes the mass transfer from
the boundary layer and hence promotes solute inclusion. Therefore, at
higher concentrations of the whey proteins, the losses increase and the
mass transfer in the bulk solution should be increased, or the freezing
rate reduced, to prevent excessive inclusion.
With low-molecular weight components in the solution, the in
clusions of all components, including the proteins, increase, due to
freezing point depression, which then allows constitutional supercooling and the formation of macroscopic inclusions. For sodium chlo
ride this is the major mechanism, while for sucrose this also happens to a
lower degree, but the effect is then exacerbated by the strongly increased
viscosity in the boundary layer due to concentration polarisation in
combination with the low temperatures. With both sucrose and sodium
chloride in the solution, we do not see an additive effect, but we see that
the largest effect of the two dominates the solute inclusion. Composi
tional analysis showed that there was no separation between the com
ponents in the ice and the concentrate and therefore progressive freeze
concentration is not suitable for separation of individual components via
ice formation. This is likely due to multicomponent effects at the high
concentrations in the polarization layer.
The use of whey protein as a model system showed that progressive
freeze concentration can be suitable as concentration method for
streams which contain proteins, as long as these streams do not contain
too many low-molecular weight components. If a stream does contain
small components in high quantities a pre-treatment such as diafiltration
would be recommended. Alternatively, depending on the product, the
losses might be acceptable or the melted ice fraction might be recycled
back into the process to avoid loss of the proteins or other solutes.
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Appendix A. Mass balance of freeze concentrated whey protein mixtures
Table 2
Mass balance of the individual components in the mixtures used in Section 3.4.
Feed solution

500 g

Concentrate

450 g

Ice

50 g

CHECK

Protein
(g/100 g)

Salt
(g/100 g)

Sucrose
(g/100 g)

Total
(g)

Protein
(g/100 g)

Salt
(g/100 g)

Sucrose
(g/100 g)

Total
(g)

Protein
(g/100 g)

Salt
(g/100 g)

Sucrose
(g/100 g)

Total
(g)

IN/OUT
(%)

4.14
4.35
4.24
3.98
4.33
4.26
4.02
4.28
4.11

–
–
–
0.87
4.14
1.04
4.15
1.06
4.05

–
0.90
3.53
–
–
0.90
0.84
3.57
3.35

20.70
26.25
38.85
24.25
42.35
31.00
45.05
44.55
57.55

4.87
4.74
4.76
4.39
4.83
4.38
4.80
4.65
4.60

–
–
–
0.99
4.34
1.15
4.74
1.13
4.62

–
1.00
3.99
–
–
0.96
1.02
3.91
3.86

21.92
25.83
39.38
24.21
41.27
29.21
47.52
43.61
58.86

0.25
0.48
1.58
1.38
1.64
1.46
1.63
1.87
1.77

–
–
–
0.07
1.39
0.15
1.60
0.30
1.61

–
0.08
1.19
–
–
0.25
0.33
1.43
1.41

0.13
0.28
1.39
0.73
1.52
0.93
1.78
1.80
2.40

94%
101%
95%
97%
99%
103%
91%
98%
94%
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