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ABSTRACT

Background and Objectives: Red beet extract concentrate can be used as a natural colorant in food products;
however, destructive effects of thermal methods to produce juice concentrate decrease nutritional value in the
final product.

Materials and Methods: In this study, red beet extract was concentrated using osmotic distillation method,
and the best pretreatment was evaluated to increase the efficiency of the concentration process. Also changes in
some physicochemical properties such as betacyanins and betaxanthins contents, total phenolic compounds and
antioxidant activity of red beet juice were evaluated by both the membrane and thermal concentration methods.

Results: The results showed that the best concentration efficiency was obtained after pretreatment of the fresh
juice with centrifugation at 1699 G for 17 min. Evaluation of the effect of both the membrane and thermal
concentration processes on the physicochemical properties of juice showed that the membrane method did not
change betacyanin and betaxanthin contents, total phenolic compounds, and antioxidant activity of the red beet
extract. However, these properties decreased with the thermal concentration method by 26, 15, 11 and 13%,
respectively.

Conclusions: According to the results, osmotic distillation can produce red beet concentrate with more

nutritional value than the concentrate produced with thermal method.
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Introduction

Red beet (Beta vulgaris L.) has high nutritional
value due to its high antioxidant activity, which can
make it useful to prevent chronic diseases such as
cancer and cardiovascular diseases (1-3) and other
age related diseases (4). Studies have shown that red
beet has an antioxidant activity 10 times more than
vegetables (1). Also large amount of B vitamin is
found in this vegetable, which is capable of
preventing heart diseases (5). Phenolic compounds
and betalain pigments cause health related properties
in red beet such as anti-viral, and anti-cancer
properties (1, 4). Furthermore, anti-inflammatory

effects have been reported for betalain pigments in
red beet root (3, 6).

Red beet’s color is caused by betalain (1, 3, 7),
which is soluble in water (7) and in the form of
powder or concentrate can be used as a natural
colorant additives in foods such as ice cream, powder
drinks, soup, and bacon products. It can also be used
in medicine (8). So red beet extract concentrate is
widely used in food industries (9). Low water
activity in the concentrate prevents the growth of
microorganisms and increases the shelf life of juices
(3, 10). Concentration process can further decrease
production costs, as well as packaging and storage
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requirements (10). Thermal treatment is the common
method to produce juice concentrates (3); however,
betalain is sensitive to heat treatment (3, 11). As a
result, food color and its antioxidant activity change
after thermal processing (3). Hence, it is necessary to
find a safe method to concentrate heat sensitive
foods such as red beet extract.

Currently, osmotic distillation (OD) has been
introduced as a new membrane technique to
concentrate the heat-sensitive fruit juices (12-15).
The process is carried out at room temperature and
normal pressure (12, 16, 17); therefore, it is expected
that OD causes minimal chemical destruction (12,
18). It is reported that this method is able to preserve
nutrients and organoleptic properties in concentrated
fruit juices and natural colors (19). This method is
based on the vapor pressure difference between the
two phases with different concentrations, which are
separated with a hydrophobic membrane (20, 21).
Juice as the feed and brine as the stripping solution
move in each side of the membrane, and the
stripping solution is diluted. Since the water vapor
passes through the membrane so the juice is
concentrated (10, 22, 23).

There are several studies to prevent betalain in red
beet extract. Sturzoiu et al. (24) investigated and
analyzed the extraction of betanine from red beet
with different solvents. They also investigated the
effect of various parameters on the extraction rate
and stability of betanine. The results showed that the
extractions with anaqueous solution of citric acid
0.2% and ascorbic acid 0.1% and an aqueous
solution of ethanol 20% and ascorbic acid 0.5% were
the most efficient. Also 10 min was introduced as the
best extraction time.

Different fruit juices such as orange, apple and
kiwi were undergone OD to concentrate (20).
Cassano et al. (16) concentrated blood orange juice
using OD after clarification with ultrafiltration and
pre-concentration with reverse osmosis. The results
showed that antioxidant activity, juice color and
aroma decreased after thermal concentration while
no reduction was observed in the concentration
process with OD. Same results were obtained by
Galaverna et al. (20). In addition, the antioxidant
activity of pomegranate juice was preserved in the
concentration process with OD (13).
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The aim of this work is the application of OD
process to produce concentrated red beet extract with
high nutritional value. It helps us to introduce a good
source of natural colorant to be used in food
industries.  Hence, different  physicochemical
properties of red beet juice were evaluated before
and after both membrane and thermal concentration
methods to compare these two methods.

Materials and Methods

Preparation of red beet extract: Red beet (Dark
red Detroit vt.) extract was obtained from a domestic
juicer (PARS KHAZAR JC-700P, IRAN). Four
samples were prepared for concentration; they
included the initial extract (without clarification
process), the extract clarified with centrifugation at
15291 G for 5 min, the extract, clarified with
centrifugation at 1699 G for 17 min, and the extract
clarified with centrifugation at 15291 G for 5 min
followed by microfiltration.

Osmotic distillation unit: OD process was
performed in a laboratory scale unit at counter
current mode. Hydrophobic polyvinylidene fluoride
(PVDF) membrane (Millipore, USA) with the active
area of 131.75 cm® was used. Calcium chloride
solution was used as brine, which was concentrated
with the evaporator to fix its concentration. Brine
solution was inserted on a digital balance (EK-1500,
A&D Company, Japan) to measure water vapor flux
in the membrane process. Both brine and juice were
recycled with separate peristaltic pump.

Evaluation of the physicochemical properties of
red beet extract: A portable refractometer
(ATAGO, HSR-500, Japan) and a portable
turbidimeter (TU-2016, Lutron Electronic, Taiwan)
were used in order to measure total soluble solid
content (expressed as °Brix) and juice turbidity
(expressed as NTU) at room temperature,
respectively. Total solid content of red beet juice was
measured after removing the water in the incubator.
Hunter lab (Hunter lab Associates Laboratory Inc.,
Reston, VA, USA) was used for measuring a*, b*
and L* parameters to evaluate the color of red beet
juice. According to Ravichandran et al. [3], betalain
pigments were measured with recording their
absorbance in the spectrophotometer (CAMBDA 25
US/VIS, Perkin Elmer, USA) at 476 nm (for
betaxanthins) and 538 nm (for betacyanins) after
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adjusting the pH to 6.5 with phosphate buffer.
Colorant pigment content (B, mgl™) was calculated
using Eq. 1 as follows:

_ AXDFxMWx1000

exl

Bc 1)
Where, A, DF, I, MW and e are absorption,
dilution factor, path length of the cuvette, molecular
weights and molar extinction  coefficients,
respectively. Phenolic compounds were measured
according to Georgiev et al. (6), and the result was
expressed as mg ferulic acid per 100 ml juice.
According to Mirsaeedghazi et al. (26), antioxidant
activity in the samples was determined using 2, 2-
diphenyl -1-picrylhydrazyl (DPPH) method, and its
value was expressed as EC50, which is concentration
of the juice sample that remains 50% of DPPH. The
rejection factor was calculated according to Eq. 2:

Rejection factor = @ @
f

where, @y and ¢, are the values of each
characteristic  before and after membrane
clarification, respectively.

Statistical analysis: All treatment combinations
were performed in three repetitions, and the means
were reported. Statistical analysis of the data was
performed using one-way Analysis of Variance
(ANOVA), and the mean values were compared by
applying Duncan’s multiple range tests using
Minitab 15 software (P<0.05).

Results

Concentration of non-clarified extract: One of the
most important parameters in OD process is
determination of the flow rates of both feed and salt
solutions. Therefore, 8 patterns were selected to find
the most efficient flow rate where the feed and brine
flow rates were 0.66-1.7 ml/s and 0.56-1.77 ml/s,
respectively. The results showed that the total
soluble solid content (TSS) of red beet juice
increased over time, which caused increasing the
weight of salt solution (Figs. 1 and 2). Although the
TSS of red beet juice generally had an increasing
trend; however, it remained stable after a certain
time. Also the results showed that two different
combinations namely a combination with the juice
flow rate of 1.70 ml/s and the brine flow rate of 0.56
ml/s, and a combination with the juice flow rate of
0.66 ml/s and the brine flow rate of 0.56 ml/s had the
best efficiency.
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Fig. 1. Changes in the total soluble solids of initial red beet juice (without clarification) during concentration using osmotic

distillation (F = juice flow rate, B = brine flow rate).
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Fig. 2. Changes in stripping solution weight during the concentration of initial red beet juice (without clarification) using
osmotic distillation (F = Juice flow rate, B = Brine flow rate).

Concentration of the red beet juice clarified with
centrifugation: Red beet extract was clarified using
the centrifugation process in order to remove large
particles causing membrane fouling. The results

—&—F =0.66 ml/s, B = 0.56 ml/s
2.5 1 —8—F=1.70ml/s, B =0.56 ml/s

25 30

showed that the efficiency of the concentration
process of red beet extract after centrifugation at
15291 G for 5 min was more than the efficiency
value for the non-clarified extract (Figs. 3-4).
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Fig. 3. Changes in the total soluble solids and total solid content of

v
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red beet juice (clarified with centrifugation at 15291 G for

5 min) during the concentration process (F =Juice flow rate, B =Brine flow rate).
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Fig. 4. Changes in the weight of stripping solution during the concentration process (clarified with centrifugation at 15291 G

for 5 min; F =Juice flow rate, B =Brine flow rate).
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Then the centrifugation conditions were changed to
1699 G for 17 min and the concentration process was
performed after this process. It was revealed that
during the first two hours, the TSS of red beet juice
increased by about 1°Brix; however, low
concentration rate was observed after the early stage
of process, which was solved after membrane
alternatively washing. Red beet extract was
concentrated from 12 to 30°Brix using the above
membrane set up (Figs. 5 and 6). The low amount of
feed volume was a limitation, which did not allow us
to continue the juice concentration process.

Concentration of red beet juice after clarification
with  microfiltration process: At the last
experiment, red beet extract was treated with
centrifugation at 15291 G for 5 min and then, it was
clarified using microfiltration. The clarified extract

undergone concentration process using OD. The
finding revealed lower increasing for TSS than the
values for the previous treated extract. The same
behavior was seen for increasing the total solid
content in red beet extract; so that the total solid and
TSS contents changed (Figs. 6, 7).

Changes in physicochemical properties: The red
beet extract was centrifuged at 1699 G for 17 min
and concentrated to  30°Brix. Then its
physicochemical properties were evaluated (Table
1).

Similar concentration process was performed using
the thermal processing. Both of the concentrated
juices were diluted to 12 °Brix (initial TSS of fresh
red beet juice) to evaluate the net effect of the
concentration process.
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Fig. 5. Changes in total soluble solids (TSS) and total solid contents (clarified with centrifugation at 1699 G for 17 min; Juice

flow rate=1.70 ml/s, Brine flow rate=0.56 ml/s).
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Fig. 6. Changes in the weight of stripping solution during the concentration of red beet juice (Juice flow rate=1.70 ml/s, Brine

flow rate= 0.56 ml/s).
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Fig.7. Changes in the total soluble solid (TSS) and total
solid contents of red beet juice (clarified with
microfiltration) during concentration (juices flow
rate=1.70 ml/s, brine flow rate=0.56 ml/s)

Two different main betalain pigments in the red
beet extract (namely betacyanins and betaxanthins)
were preserved in the membrane concentration
process; however, they were reduced after thermal
concentration due to heat sensitivity of these
pigments (3, 11).A similar result was observed for
total polyphenol content, which shows its thermal
destruction. As expected, the constant values of
betacyanins, betaxanthins and polyphenols resulted a

fixed value of antioxidant activity; however, the
antioxidant activity of red beet extract was decreased
after thermal concentration.

The L* value indicates luminosity of the red beet
extract, which increased in both the membrane and
thermal concentration processes; however, the
amount of L* increasing in the process was higher
than in the membrane process. Also the value of a*
indicates reddish color of the red beet juice. The
same behavior was observed for the value of reddish
color as luminosity. On the other hand, thermal
concentration process could increase both the
luminosity and reddish color of red beet juice more
than the OD method. Yellowish color of juice was
indicated by the value of b*, which was decreased
after the membrane concentration process though its
value was increased after the thermal concentration
process. Evaluation of juice turbidity showed that
both of the concentration methods increased the juice
turbidity; however, this increase in the thermal
process was much more than in the membrane
process.

Table 1. Changes in the physicochemical properties of red beet juice before and after the concentration process

Osmotic distillation

Thermal concentration

Fresh Reconstructed  Rejection Fresh Reconstructed  Rejection
juice juice factor juice juice factor
Betacyanins (mg/l) 50.8+2.3 50.6+1.2 0> 52.8+2.1 39.3+0.9 0.26°
Betaxanthins(mg/1) 32.6+2.4 33.9+3.8 0P 33.0+0.0 28.0+0.8 0.15%
Total phenolic compounds 89.2+0.4 89.8+0.3 0° 115.442.7 102.4+3.0 0.11°

(mg ferulic acid /100ml)

EC50 (ml juice/gr DPPH) 114.4+2.7 112.4+1.0 o° 543.949.7 615.5+6.2 0.13?
L 2.860.13 3.57+0.01 0.25 2.860.13 7.780.2 1.72°
Col a 4.98+0.00 14.15+0.25 1.84° 4.98+0.00 23.65+0.02 3.95°
ofor b* 2.94+0.18 0.51+0.19 0.83° 2.94+0.18 6.05+0.15 1.06°
Turbidity (NTU) 785+2 797+3 0.01° 168+3 22645 0.34%

** Mean values were reported and similar letters in each row for rejection factors show insignificant difference between the values (P < 0.05).

Discussion

The TSS of red beet juice was stable after a certain
time during OD process of non-clarified extract due
to deposition of large particles on the membrane
surface which led to membrane fouling. Similar
result was obtained by Johnson and Xu (27) who
showed membrane fouling during the concentration
of whole milk. The membrane fouling was partly
removed using washing with water, and the
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concentration process continued after membrane
cleaning.

Our observations confirmed the sedimentation of
color compounds in the feed tank during the
concentration process. It is probably due to the
application of pressure in the microfiltration process
that causes some of the compounds to be unstable.
They are deposited during the OD process and
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missed; this leads to change in the total solid and
TSS contents. In the present work, the red beet juice
showed different behavior compared to what
reported by Johnson and Xu who concluded that
microfiltration can increase juice concentration (27).

Application of OD process was desirable to
preserve nutritional value of red beet extract during
its concentration process. Betacyanins, betaxanthins
and antioxidant activity of red beet juice did not
change after membrane processing; however they
reduced after thermal concentration. Reduction of
antioxidant activity in thermal concentration process
was due to reduction in the content of both betalains
and polyphenol (higher value of EC50 shows lower
value of antioxidant activity). Cassano et al. (16)
showed that antioxidant activity of citrus and carrot
juices decreased after thermal processing.

The present research findings revealed that the OD
could produce red beet concentrate with more
nutritional value than the concentrate produced with
thermal method. Due to experimental limitation
(little membrane area), the OD increased juice TSS
up to 30. However, it is expected that larger
membranes are able to increase the red beet juice’s
TSS up to higher Brix degrees. Also pretreatment of
the red beet extract with centrifugation at 1699 G for
17 min could increase the efficiency of the
concentration process due to reducing the fouling
phenomenon in the OD.
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