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ABSTRACT: Enhancing industrial sustainability by converting whey into alternative high value-
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added products is a scientific trend in food science and technology. However, without other
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ingredients, rennet, or sour, whey has an unappetizing flavor. This sensory challenge can be
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overcome by blending it with citrus flavor from orange juice. This study assessed a micro-filtered
beverage from whey and orange juice without enzymatic treatment. Four formulations (27:10,
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8.6:10, 2.4:10 and 1:10 v/v whey:juice ratio) were processed through a 1.4 μm microfiltration
system with four different transmembrane pressures (1, 2, 3, and 4.15 bar) and then stored at
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5 °C for 28 days. The micro-filtered beverage was analyzed for physicochemical, sensorial and
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microbial changes. It was possible overcome the technological challenges of orange juice microfiltration without enzymatic treatment with high transmembrane pressures. The whey:orange
juice ratio was also decisive for permeation. A clear beverage with lower viscosity, turbidity,
and protein levels was obtained, without altering mineral concentrations thus showing that the
product has good capacity for hydration. The beverage presented good microbiological quality
and remained stable for 28 days at 5 °C. Sensory evaluation data indicate that the beverage can
be directed to young people and women, regardless of their physical activity. The combination of
whey and orange juice can be explored industrially as a micro-filtered beverage, with satisfactory
results of physicochemical, microbiological and sensory acceptance.
Keywords: membrane, dairy, fruit, fouling, sensory evaluation

Introduction
Whey is considered a by-product of cheese production, with high pollution potential, due to the large
amount of oxygen consumed during degradation. Unfortunately, only half of the whey produced is converted
into high value-added products, such as protein isolates
and dietary supplements (Yadav et al., 2015).
Currently, although the technological processes
allow the production of whey powder protein isolates,
bio-ethanol, biopolymers, electricity, single cell protein
and various other proteinaceous products, these processes require considerable investments. Alternatively,
membrane technology, such as microfiltration (MF) may
be used, since manufacturing costs are lower and the
products are well accepted (Gerardo et al., 2013).
Current research on sports nutrition has shown
that whey proteins have a simultaneous capacity to
hydrate and regenerate muscles after physical activity
(Pegoretti et al., 2015). These data show a potential to develop refreshing whey-based beverages. However, whey
alone can be unattractive because of its flavor. This sensory challenge can be overcome by blending whey flavor
with citrus flavor from orange juice, especially in tropical regions.
Orange juice is widely accepted in many countries
and is considered one of the main commodities in the
global market. According to the Food and Agriculture
Organization, world production of orange juice reached
71 million tons in 2014, accounting for more than 8 % of
the total production of fruit juice (FAO, 2015).
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The main industrial limitation for MF is fouling.
Aggregates of whey proteins and polysaccharides from
orange, such as lignin, cellulose, and pectin may cause
permeate flux decline (Nourbakhsh et al., 2014). While
most academic studies have focused on enzymatic treatments to improve filterability of fruit juices, this research
followed the trend of minimally processed foods, excluding the enzymatic treatment of orange juice in order to
minimize industrial costs.
Considering the advantages of whey, such as low
cost, capacity to hydrate and regeneration of muscles
and the advantages of orange juice, such as great acceptability and refreshing flavor, this study aimed to produce
a micro-filtered beverage containing these ingredients
and evaluate the transmembrane flow, physicochemical characteristics, reduction of microbial load, shelf life
and sensory acceptance.

Materials and Methods
Raw materials
To produce the beverage, sweet whey powder
and orange juice concentrate with 66 Brix and 42.5
g dL–1 sugar were used. The whey powder was rehydrated to obtain 6.5 g dL–1 solid content. Orange juice
was filtered through a 600 micron stainless steel filter
prior to addition to the formulation to prevent fouling.
The juice:whey ratios (v:v) were 27:10; 8.6:10; 2.4:10;
and 1:10, parameters based on the juice manufacturer
recommendations and on our previous sensory assessments.
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Equipment
Experiments were conducted using a microfiltration
pilot skid system designed for batch or continuous pilot
plant use. The system has a 50 L stainless steel feed tank
and was equipped with a 1.4 μm GP multi-channel ceramic (aluminum oxide) membrane with 19 channels, 4 mm
channel diameter, 0.24 m2 filtration area and 1.020 m long.
The unit was equipped with gauges to monitor
pressures at the feed inlet (P1), retentate outlet (P2), and
the permeate (P3). The feed temperature was monitored
at the pump. Transmembrane pressure (TMP) was calculated from the following equation
TMP = [(P1 + P2)/2] - P3

(1)

Prior to the experiments, the microfiltration system
was sanitized with 200 ppm sodium hypochlorite solution
at 20 °C for 20 min to reduce microorganisms. After each
sanitization, the solution was rinsed out with demineralized water until the pH of the retentate and permeate
streams equaled the pH of demineralized water.
After rinsing, the water flux and membrane resistance were determined using demineralized water. At
the start of the beverage microfiltration, the remaining
water was flushed out of the pipes with the feed. The
volume concentration factor was calculated by the ratio
of the initial feed mass to the retentate mass. The rejection factor for all solutes (proteins, fat, total solids, and
ash) was calculated by the formula:
R = 1- Cperm/Cfeed

(2)

where: R is rejection factor, Cperm is permeate concentration and Cfeed is feed concentration.
Manufacturing process
The procedure was performed in 20 L batches.
The beverage was formulated directly into the previously sanitized MF feed tank. The transmembrane pressures were 1, 2, 3, and 4.15 bar (minimum and maximum pressures allowed by equipment limits).
The beverage permeation started when the temperature reached 50 °C (± 2 °C) with retentate recirculation.
Temperature was based on manufacturer recommendations (minimum value for optimal solubilization conditions
for juice and whey powder). Permeate flow and temperatures were measured every 1 min throughout the microfiltration process. All micro-filtered beverage was placed
in a previously sanitized 50 L stainless steel tank (Figure
1). After the process, aliquots were collected directly from
the permeate tank for physicochemical and microbiological analyses and stored at 5 °C. The experiment was performed five times to account for randomized effects.
Physicochemical analyses
The pH was determined by a potentiometer by
introducing the electrode directly into the sample. The
N content was estimated by the micro-Kjeldahl method
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Figure 1 – Diagram of the pilot-scale microfiltration with pressure
gauges (P1, P2 and P3).

followed by conversion (× 6.38) to crude protein (CP)
content expression (APHA, 2004). The Gerber's method
was used to estimate fat content (APHA, 2004). Total solids (TS) were measured by oven drying at 105 °C/16 h
(APHA, 2004). Ash was determined according to APHA
(2004) at 550 °C/12 h.
The viscosity was determined at 5 °C in the feed,
micro-filtered beverage (permeate) and retentate, in triplicate. The samples were placed in 500 mL beakers and
analyzed in a digital viscometer (46 mm diameter disc
spindle and 600 rpm for 40 s).
The absorbance (absorbance units, A.U.) and transmittance (percentage) were measured in triplicate in the
feed, permeate and retentate. The samples were placed
in crystal cuvettes and analyzed by spectrophotometry at
500 nm at 25 °C (± 2 °C).
Microbiological analyses
The microbiological analyses were performed in
the orange juice concentrate, reconstituted whey powder,
feed and permeate, immediately after production and
during 28 days of refrigerated storage (5 °C).
Aerobic mesophilic microorganisms were counted
by pour plating on PCA (Plate Count Agar) incubated at
37 °C/48 h in duplicate (APHA, 2004). Total coliforms and
E. coli were counted by sample incubation on 3M™ Petrifilm EC plates at 37 °C/24 h and 37 °C/48 h, respectively.
Yeast and mold were counted by incubation of the sample
on 3M™ Petrifilm YM plates at 25 °C for 5 days. All dilutions were made in peptone sterile water 0.1 g dL–1.
To evaluate the effect of MF on the reduction of
the initial microbial load, five aliquots of 300 mL of the
micro-filtered beverage were collected directly from the
permeate tank with a sterile pipette and stored in sterile
plastic bags at 5 °C. The samples were evaluated on the
day of processing and every 7 d after production (days 7,
14, 21 and 28).
Sensory evaluation
The sensory acceptance test of the micro-filtered
beverage was performed with participants from Lon137
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drina, Paraná State, Brazil, regardless of gender, age or
occupation. The sensory evaluation was planned for 100
people according to Lawless and Heymann (2010), who
suggest between 70 and 100 participants for acceptance
tests. The evaluation was made by 87 participants. The
sensory analysis was performed in individual booths, and
150 mL beverage at 5 °C were presented in transparent
disposable cups (180 mL) on a white surface. The presentation was accompanied by an evaluation form, salty
biscuits and drinking water to cleanse the palate between
samples.
The overall impression and the attributes flavor and
aroma were evaluated using a structured ninepoint hedonic scale, ranging from 1 (disliked extremely) to 9 (liked
very much). The acceptability index (AI) was calculated
according to the following equation:
AI (%) = A × 100 / B

(3)

where: A = average score obtained for the product, and
B = maximum score given to the product. AI ≥ 70 % is
considered a good response (Ferreira, 2000).
Similar evaluation was performed for the purchase
intention, using a 5-point structured scale ranging from 1
(I would definitely buy) to 5 (I would definitely not buy).
The attributes color, sweetness, and acidity were
evaluated by specific acceptance tests, with nine verbal
scales structured according to the intensity levels. A verbal scale was used to cover the extreme range (9-extremely strong or 1-extremely weak), and the ideal (5-color
sweetness or acidity in the right amount). The sensory
evaluation was performed after approval by the UNOPAR
Research Ethics Committee (approval number 1.148.288).
Statistical analysis
The effect of MF on viscosity, pH, protein level,
beverage absorbance and transmittance was evaluated in
the experimental design. The effect of MF and storage
time (7, 14, 21 and 28 days at 5 °C) on mesophilic aerobic
counts, molds, yeast, coliforms at 35 °C, and E. coli were
also assessed. Counts below the detection limit were regarded as the lowest number of a decimal unit. Thus, the
absence of microbial growth was regarded as 0.9 CFU
mL–1 to allow the descriptive statistical analysis.
The absence of normality and homoscedasticity
were observed by the Kolmogorov-Smirnov test and the
Liliefors test for all variables (p < 0.05). Thus, differences
before and after the MF process were evaluated using the
paired Wilcoxon test at p < 0.05.
The participants were classified by gender (male or
female), physical activity (yes or no) and age (up to 20
years old or more than 20 years old). The experimental
design pondered differences of overall impression, aroma, flavor, color, sweetness, acidity and purchase intent
between categories of gender, physical activity and age.
The Mann-Whitney test was used with 0.05 significance
level. The Statistica 7.0 program (Statsoft) was used for
all analyses.
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Results and Discussion
Manufacturing process
The most important combination of parameters
that affected microfiltration performance was transmembrane pressure and whey/orange juice ratio. Among
all the formulations and pressure conditions, only the
combination of 4.15 bar transmembrane pressure (5.2
bar inlet pressure and 3.1 bar outlet pressure) and 1: 10
juice:whey ratio allowed the permeate flow.
Under these conditions, microfiltration batches
(20 L) lasted 5.8 min, with 242.2 L h–1 m–2 initial permeation flux and 173.6 L h–1 m–2 final flux. The volumetric
concentration factor (VCF) was 2.09, considering the initial volume of 19.615 kg beverage and 10.253 kg permeate. The rejection factor for protein, fat, total solids, and
ash is given in Figure 2.
The process was carried out in a short time (5.8
min), without evidencing steady flow permeation. Thus,
the mechanisms of particle deposition were not evaluated. However, it was observed that the permeate flux
decreased more than 28 % throughout the process (<
6 min).
This abrupt flux decrease is common in whey and
fruit juice microfiltration, probably due to components
in the juice and whey. However, flow resistance depends
on different fouling mechanisms. In relation to the juice
concentrate, larger molecules such as pectin, hemicellulose, and lignin may deposit and adhere to the membrane
surface (gel layer) (Razi et al., 2012), which is also favored
when the particle size is larger than the membrane pores.
For whey molecular composition, flow resistance
may be attributed to fouling within the pores, since
molecules smaller than the membrane pores (1.4 mm)
predominate, such as soluble proteins and minerals.
β-lactoglobulin (β-LG) contributes to the formation of
deposits due to its tendency to associate with Ca and K,
forming dimers (Mourouzidis-Mourouzis and Karabelas,
2006). In addition, α-lactalbumin (α-LA) has the ability
to bind strongly to Ca+2, forming inorganic salt deposits, thus leading to pore blockage. Among the minerals,
calcium phosphate is considered one of the main causes
of membrane fouling and flux/flow decline, which may
form deposits on the membrane surface and inside the
pores (Rice et al., 2009; Tan et al., 2014).
The operating conditions can also determine fouling. Some authors have reported that high transmembrane pressures (> 1 bar) and larger pore diameters (>
0.8 μm), similar to the conditions used in this study, can
favor fouling due to complete pore blockage (Oliveira et
al., 2010; Todisco et al., 1996).
As the beverage of this study was not subjected
to enzymatic reactions, there was no reduction for macromolecules from the orange juice concentrate. Thus,
the fouling mechanism most probably occurred due to
cake formation, since the molecule size plays a key role
in molecule accumulation on the membrane surface
(Domingues et al., 2014).
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Fagnani et al.

Microfiltration of whey and orange juice

Figure 2 – Mean and confidence interval (95 % Ci) of viscosity, pH, protein percentage, fat, total solids (TS), ash, absorbance and transmittance
before and after beverage microfiltration and rejection factor (R) for protein, fat, total solids and ash.

The high pressures used in this experiment may
have also contributed to the formation of a fouling layer
on the membrane surface. According to Mirsaeedghazi
et al. (2009) and Razi et al. (2012), fouling correlates positively with the increase in transmembrane pressure and
temperature by increasing the macromolecule diffusion
coefficient and favoring penetration and deposition in
the membrane pores (Wang et al., 2012).
Physicochemical analyses
The permeate exhibited lower (p < 0.05) viscosity
and turbidity when compared to the feed, resulting in a
clear product, with greater light penetration (Figure 2).
This result is due to the retention of macromolecules
suspended by the MF membrane (Gaschi et al., 2014).
In the case of beverages containing orange juice, carotenoids are the main components responsible for the
characteristic color, which can be retained in the filtration process not only because of molecule size, but also
due to the interaction between liposoluble substances
and the membrane material (Cisse et al., 2005).
In this study, proteins were the main components
retained by the membrane, with initial concentrations
of 0.74 ± 0.11 g dL–1, which decreased to 0.43 ± 0.11 g
dL–1 in the permeate beverage (p < 0.05). Consequently,
lower (p < 0.05) TS values were also observed, which
decreased from 10.59 g dL–1 ± 0.63 to 8.62 g dL–1 ± 1.33
in the permeate (Figure 2). The membrane pores are not
able to retain whey proteins, since soluble protein diam-
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eters range from 3 to 6 nm, which are smaller than the
membrane pores (1.4 μm) (Garcia et al., 2013). However,
pore blockage, caused primarily by interactions between
pectin and minerals from whey, may change the original
membrane permeability, leading to soluble protein retention (Li et al., 2012).
Some authors have reported different behavior
when the membrane permeates only whey. Mourouzidis-Mourouzis and Karabelas (2006) found protein transmission greater than 96 %, which corroborates the studies by Tracey and Davis (1994) using conventional MF,
and Guell and Davis (1996) in a tangential MF process,
who found protein retention lower than 15 %. These
data show that the interaction between the macromolecules from orange juice and whey components can lead
to an unexpected retention of soluble proteins.
The protein rejection by the membrane was a
curious surprise for us. We were expecting some rejection, but not as high as observed in this study. To avoid
this kind of rejection, we could adjust some parameters,
such as transmembrane pressure, tangential flow and
others. Nevertheless, the absence of enzymatic treatment restricted all possibilities, since among all the combinations of formulations and pressures, only the 1: 10
juice:whey ratio with 4.15 bar transmembrane pressure
allowed the permeate flow.
Regarding the physicochemical analyses, no significant differences were observed for pH, fat, and ash
(p > 0.05) between the feed and permeate (Figure 2).
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The membrane technology can remove over 98 % of the
original lipids (Michalski et al., 2006). However, in this
experiment, the feed had lower fat levels (0.17 ± 0.07 g
dL–1), which may have been responsible for the lack of
statistical difference when compared to levels obtained
for the permeate (0.05 ± 0.06 g dL–1).
With respect to ash content, it is confirmed that
the membrane allows passage of most minerals, allowing the permeate to keep salt concentration, which is
considered positive due to the original mineral content
of whey and juice. Several studies have reported the hydration potential of these foods, associating the mineral
levels to better water absorption in the intestinal tract
(Solak and Akin, 2012). This result shows that the product can be used for rehydration after physical activity.
Watson et al. (2008) compared the hydration capacity of commercial isotonic drink and skimmed milk,
and found no changes when the isotonic drink was replaced by milk, proving the efficiency of skimmed milk
in hydration. Other authors have shown the effect of
β-lactalbumin on hydration, with improvement in the intestinal function (Wernimont et al., 2015). These results
provide information on the potential of sports beverages to hydrate individuals after exercise, although more
studies are required to confirm this hypothesis.
The retentate had the lowest transmittance and
highest absorbance when compared to the permeate,
with values outside the spectrophotometer detection limit
(< 0.1 or > 9999.9 A.U. or percentage) in all replications
(p < 0.05). These data indicate higher molecule concentration, shown by the protein levels, which was higher
(p < 0.05) in the retentate as compared to the permeate,
with average values of 1.13 g dL–1 ± 0.16, confirming the
retention of protein and other compounds that reduce TS
in the permeate, concentrating the solids in the retentate.
Thus, the mean values for total solids in the retentate was 18.87 g dL–1 ± 1.27, with 0.73 g dL–1 ± 0.15
ash, 0.1 g dL–1 ± 0.04 fat, 1676.04 cP.10–3 ± 18.02 for
viscosity and 4.20 ± 0.06 for pH. As discussed above,
microfiltration retained most of the suspended solids in
the retentate, including protein.
Microbial counts
The microbial counts of raw materials were performed before beverage formulation, and the values
found for whey were: < 1 CFU mL–1 E.coli, 14 CFU
mL–1 molds, 81 CFU mL–1 yeasts, and 37 CFU mL–1 aerobic mesophilic microorganisms. The counts in the orange juice concentrate were: < 1 CFU mL–1 E.coli, < 1
CFU mL–1 molds, < 1 CFU mL–1 yeasts, and < 1 CFU
mL–1 aerobic mesophilic bacteria.
The microorganism counts in the feed before MF
and in the permeate are shown in Table 1. MF was able
to reduce 3.71 log cycles in aerobic mesophilic counts.
Lower counts were observed for coliforms at 35 °C and
yeasts (Table 1), which shows the efficiency of microfiltration to remove microorganisms with cell size between
0.4 to 2.0 μm (Brans, 2004).

Sci. Agric. v.75, n.2, p.136-143, March/April 2018

Microfiltration of whey and orange juice

Table 1 – Median, mean and standard deviation (SD) of aerobic
mesophilic microorganisms, yeasts, molds, coliforms at 35 °C and
Escherichia coli counts before and after beverage microfiltration.
Median

Mean ± SD

Aerobic mesophilic
(log CFU mL–1)

Before
After

5.75a
1.79b

5.57 ± 2.85
1.86 ± 0.58

Mold
(CFU mL–1)

Before
After

1.00a
0.90a

5.36 ± 6.06
1.34 ± 0.60

Yeast
(CFU mL–1)

Before
After

15.00a
< 1.00b

17.20 ± 7.09
< 1 ± 0.00

Colif. 35 °C
(CFU mL–1)

Before
After

301.00a
4.00b

349.80 ± 288.56
4.63 ± 4.09

Before
< 1.00a
< 1.00 ± 0.00
After
< 1.00a
< 1.00 ± 0.00
ab
Medians followed by different lowercase letters in columns differ by the
Wilcoxon test (p < 0.05).
E.coli
(CFU mL–1)

Several authors have found total bacterial reductions
within the range of 4-5 log CFU mL–1, which are directly
related to initial contamination levels, operating parameters, and membrane characteristics (Antunes et al., 2014;
Rezzadori et al., 2014). The results of this experiment are
consistent with results in many studies, since lower counts
were observed for mesophilic aerobic bacteria and yeasts,
which were higher in numbers before MF (Table 1).
Regarding the molds and E. coli, significant reductions were observed (p > 0.05), since these counts were
already low before the MF process, averaging 5.36 CFU
mL–1 for molds, and E. coli was not detected (Table 1).
In Brazilian regulations, there are no standardized
microbiological counts for beverages containing whey
and fruit juice. Similar beverages can be found in the regulation of the National Health Surveillance Agency (ANVISA), such as milk beverages and juices containing fruit
pulp. In these products, the Brazilian law, in line with the
Codex Alimentarius, allows a maximum of 10 CFU mL–1
coliforms at 45 °C for milk beverages, and 100 CFU mL–1
for fruit juices. Thus, all batches of beverage produced in
this study complied with statutory regulation in Brazil for
coliforms at 45 °C (ANVISA, 2001).
Regarding microorganism growth, the aerobic mesophilic population tended to decrease during storage due
to the microbiological barriers conferred by pH (4.20 ±
0.10) and temperature (5 °C). Figure 3 shows that peak
values of 1.79 log CFU mL–1 were observed for mesophilic counts immediately after the MF process. The most
significant decreases (p < 0.05) were observed after 7 and
21 d of storage, reaching mean values of 1.22 and 0.90 log
CFU mL–1, respectively.
No significant (p > 0.05) differences were observed
for pH and molds yeast and coliform counts at 35 °C and
E.coli during 28 d of refrigerated storage (5 °C). Considering the beverage pH (4.20 ± 0.10) and the storage temperature, molds and yeasts are the main spoiling microorganisms. However, the number of such microorganisms
remained constant during 28 d of refrigerated storage due
to the low initial counts in the permeate.
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Sensory evaluation
The characteristics of the participants are shown
in Figure 4. There was homogeneity of the population in
relation to gender, physical activity and age, with 43 %
males and 57 % females, of which 52 % practice physical activity and 48 % do not exercise, and the average
age was 40 years (18-62 years). The physical activity frequency was 13 % for once a week, 9 % up to twice a
week, 25 % up to three times a week, 18 % up to four
times a week, 13 % up to five times a week, and 16 %
exercised daily.
The acceptability index (AI) for the overall impression of the beverage was 70 %, with 78 % of scores
above the classification “like slightly” (Figure 5). The
good acceptance of a product is shown by response frequency “liked very much” and “liked” greater than 70 %
(Ferreira, 2000). Therefore, the beverage of the present
study was well accepted by the participants. The acceptability levels for aroma and flavor were 64 % and 66 %,
respectively, showing that improvements could still be
made to these attributes.

Figure 3 – Oscillation count of pH, aerobic mesophilic
microorganisms (Am), Mold (Mo), yeast (Ys), coliform at 35 °C
(Ct) and Escherichia coli (Ec) count (Log CFU) of micro-filtered
beverage made from whey and orange juice stored at 4 °C during
shelf life time.

Figure 4 – Absolute frequency of 87 participants grouped according
to gender, physical activity frequency and age.
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Figure 5 – Median, quartiles (25 % – 75 %) and range (min-max)
of sensory evaluation scores for overall impression, aroma,
flavor, color, sweetness, acidity and purchase intention of microfiltered beverage from whey and orange juice performed with 87
participants.

MF is responsible for retaining volatile compounds, which give the typical aroma to orange juice.
Open conditions during processing, as occurred in this
experiment, may lead to aroma losses due to direct contact with atmospheric air (Rezzadori et al., 2014). Unlike
a pilot plant, actual industrial conditions allow MF to occur in closed pipes, from formulation to the filling step,
which can improve AI for the aroma attribute.
Flavor perception can be directly related to social
and geographical characteristics of the participants. The
amount of whey added to fruit juice appears as a determining and inconsistent variable in the acceptance or
rejection of beverages. Pareek et al. (2014) found negative acceptance for the attributes flavor, sweetness, and
appearance due to higher whey levels. Shiby et al. (2013)
reported opposite results, and concluded that the higher
the concentration of whey, the better the acceptance of
such beverages.
For the attributes color, sweetness, and acidity,
the results showed that these three characteristics were
close to ideal (score 5), with a slight tendency for acidity
to be classified as "very low in relation to the ideal" (Figure 5), probably due to consumers’ expectation about
the acidity of orange juice.
Greater (p < 0.05) purchase intention was observed among female consumers, with mean scores
close to 1 (probably buy). Regarding aroma, higher
scores were obtained by the participants up to 20 years
old when compared to older participants (over 20 years
old). Physical activity did not influence the preferences
for all the attributes (Table 2). These data indicate that
the beverage can be directed to young people and women, regardless of physical activity.
Estimating industrial production costs comprises
complex calculations, requiring variables that were not
measured or are beyond the scope of this paper, such as
141
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Table 2 – Median (Med), mean and standard deviation (x̅ ± σ) of sensory evaluation scores for overall impression (O.I.), aroma (Ar), flavor (Flv),
color (Clr), sweetness (Swt), acidity (Ac) and purchase intention (P.I.) of micro-filtered beverage made from whey and orange juice performed
with 87 participants grouped according to gender, physical activity frequency and age.
Gender

O.I.
Ar
Flv
Clr
Swt
Ac
P.I.

Physical Activity
No
Yes
(n = 42)
(n = 45)
6.00 a
6.00 a

Age

Total

Male
(n* = 37)
6.00 a

Fem
(n = 50)
6.00 a

x̅ ± σ
Med

6.41 ± 1.52

6.28 ± 1.16

6.00 a

6.00 a

6.00 a

6.00 a

6.00 a

5.00 b

6.00

x̅ ± σ
Med

5.81 ± 2.18

5.70 ± 1.92

5.60 ± 1.97

5.89 ± 2.09

6.24 ± 1.90

5.21 ± 2.04

5.75 ± 2.02

6.00 a

6.00 a

6.00 a

6.00 a

6.00 a

6.00 a

6.00

x̅ ± σ
Med

5.86 ± 1.86

5.98 ± 1.77

5.91 ± 1.67

5.95 ± 1.93

6.02 ± 1.90

5.83 ± 1.70

5.93 ± 1.80

5.00 a

5.00 a

5.00 a

5.00 a

5.00 a

5.00 a

5.00

x̅ ± σ
Med

5.30 ± 1.54

4.64 ± 1.54

5.05 ± 1.50

4.80 ± 1.64

5.16 ± 1.52

4.67 ± 1.59

4.92 ± 1.56

5.00 a

5.00 a

5.00 a

5.00 a

5.00 a

5.00 a

5.00

x̅ ± σ
Med

5.19 ± 1.58

4.96 ± 1.26

4.93 ± 1.26

5.18 ± 1.53

5.09 ± 1.47

5.02 ± 1.33

5.06 ± 1.40

5.00 a

5.00 a

5.00 a

5.00 a

5.00 a

5.00 a

5.00

x̅ ± σ
Med

4.73 ± 1.47

5.10 ± 1.16

4.93 ± 1.06

4.95 ± 1.52

4.96 ± 1.40

4.93 ± 1.22

4.94 ± 1.31

3.00 a

3.00 b

3.00 a

3.00 a

3.00 a

3.00 a

Med

6.37 ± 1.22

6.30 ± 1.42

≤ 20
(n = 45)
6.00 a

> 20
(n = 42)
6.00 a

6.56 ± 1.27

6.10 ± 1.34

x̅ ± σ
3.22 ± 0.98
2.80 ± 0.90
2.91 ± 0.92
3.05 ± 0.99
2.87 ± 0.94
3.10 ± 0.96
ab
Medians followed by different lowercase letters in lines differ by the Mann-Whitney test (p < 0.05); *Number of participants.

n = 87
6.00
6.33 ± 1.32

3.00
2.98 ± 0.95

transportation costs, labor force, electricity and many others. However, we can calculate the direct cost of the material used during the beverage development in this study.
Thus, the direct material cost was US$ 0.38 per m3 of feed
(US$ 0.25 for orange juice plus US$ 0.13 for whey).
Given that the yield from the process in pilot scale
was 55 % (18.20 L feed was needed for every 10 L permeate), the final cost was US$ 0.69 per m3 of permeate (no including water, direct labor and manufacturing
overhead costs).
We emphasize that the beverage was developed in
pilot equipment and in batches of only 20 L, with a 16 %
average loss relative to the dead volume of the filtration
unit. Therefore, cost estimation using experimental data
is not recommended for prediction in industrial plants,
where the results may be different especially in relation
to yield and raw material costs, where the latter is directly dependent on the quantity acquired and delivery
logistics.

teria, coliforms at 35 °C, molds and yeasts. Therefore,
the beverage remained stable during 28 days of refrigerated storage, without increase in microbiological counts
and physicochemical changes. Concerning the sensory
evaluation, the overall acceptance was satisfactory and
the product was preferred more often by young and female consumers. However, improvements are required
in aroma and flavor.
It can be concluded that the beverage presented
satisfactory results regarding the physicochemical and
microbiological parameters, and good sensory acceptance, despite the limitation caused by membrane fouling. However, further studies are needed to assess the
product shelf life after 28 days of refrigerated storage,
to investigate other nutritional compounds and develop
strategies to prevent fouling and reduce the particle retention desirable for beverage composition.

Conclusions

To Coordination for the Improvement of Higher
Level Personnel (CAPES) and to National Foundation
for the Development of Private Higher Education (FUNADESP) for financial support.

Due to membrane fouling, beverage production
was only possible when high transmembrane pressures
were used. The whey/orange juice ratio was also decisive for the passage of the beverage through the membrane.
A clear beverage with lower viscosity, turbidity
and protein levels was obtained by the microfiltration
process, without altering the concentrations of naturally
occurring minerals, showing thus that the product has
good capacity for hydration.
The micro-filtered beverage presented good microbiological quality E.coli was not detected in the permeate, and the counts were low of aerobic mesophilic bac-
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