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This work studies the techno-functional properties of the spray dried water-soluble extracts from orange pomace,
obtained from different green extraction technologies. Orange pomace, a by-product from the juice production
industry, was used for soluble fibre extraction. Starting from pomace, four extraction procedures were assayed:
hot water, extrusion + hot water, jet cooker and jet cooker + hot water. After treatments, the supernatant was
spray dried with whey protein isolate to obtain soluble fibre enriched powders. Microstructure by field emission
scanning electron microscopy, color, particle size, moisture content, hydration properties, foaming capacity and
stability, rheology, and glass transition temperatures were assayed. All powders exhibited an orange shade. In
microstructure, particle size, and glass transition temperature, the powder obtained from extrusion + hot water
presented a different behavior from the other powders: less caking and agglomeration, and smaller particles.
Also, this powder showed the highest foaming stability and viscosity, as well as glass transition temperature,
properties that make it interesting for the food industry. Through valorization of orange pomace fiber-enriched
powders could be obtained; these powders can be used as ingredients in the industry to address the fibre gap and

provide technological functionalities.

1. Introduction

Dietary fibre is a class of compounds that includes a mixture of plant
carbohydrate polymers resistant to digestion by human small intestinal
enzymes (O’Keefe, 2019). The intake of these compounds has numerous
documented health benefits, such as reduced risk of coronary heart
disease, diabetes and obesity, among others. Also, fibre, especially the
soluble type, is well reputed for its ability to lower blood lipid levels
(Elleuch et al., 2011).

However, there is a worldwide shortage on its consumption, despite
its health effects being well known. Although there is no consensus on
recommended daily intake, both EFSA and FAO recommend a minimum
intake of 25 g/day. Notwithstanding consumers’ efforts to increase it,
they are not reaching it (Santos et al., 2022). For example, the USA
currently has an intake of 16 g/day, while the UK has an intake of about
18 g/day (O’Keefe, 2019).

Dietary fibre is also appealing from the technological point of view,

as it exhibits some properties that make it an interesting ingredient to
add to products. Examples of these are water and oil holding capacity,
increasing viscosity and emulsification, among others (Dhingra et al.,
2012; Elleuch et al., 2011). Fibre has been added to various types of
products, such as bread and sweet bakery products, as a substitute of
wheat flour (Quiles et al., 2018). Studies have also been done with ice
cream, where fibre played a cryoprotective role (Soukoulis et al., 2009).
Fiber-enriched jams and meats have also been prepared, to avoid
synaeresis and modify textural properties (Elleuch et al., 2011; Figueroa
& Genovese, 2019).

Thus, dietary fibre is an ingredient that may be added to foods, not
only to improve its nutritional value, but also because of its technolog-
ical properties. Furthermore, supplementing massively consumed foods
with dietary fibre is a good approach to address the fibre gap. This would
result both in an increase of the daily intake, as well as a decrease of the
intake of other ingredients, such as fats and synthetic emulsifiers, due to
fibre aforementioned technological properties. Also, as consumers
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prefer natural supplements, adding fibre is a good alternative to syn-
thetic ingredients (Elleuch et al., 2011).

In this context, in recent years a trend to find new sources of fiber
enriched ingredients has arisen (Majerska et al., 2019; Rodriguez et al.,
2006). Fruit by-products, especially pomaces, are a good source of these
ingredients. These could be used as a new product, or if processed, as a
way of enriching food products with compounds that enhance their
physical and chemical properties (Majerska et al., 2019). Citrus fruits
are one of the top global agricultural commodities, with a global pro-
duction in 2021/2022 estimated to be about 48.8 million tons of oranges
(USDA Foreign Agricultural Service 2022). About 19 million tons of
these are expected to be destined for processing, and around 50% w/w
(wet weight) are seeds, peels and internal tissue (Wilkins et al., 2007),
which means in 2021/2022 nearly 9.5 million tons of by-product will be
produced. This waste has been reported as high in dietary fibre content
and rich in several bioactive compounds, such as polyphenols and fla-
vonoids (Gutiérrez Barrutia et al., 2019).

Several processes have been used for fibre extraction as a way of
giving added value to by-products. These include not only chemical
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processes, but also enzymatic or physical processes. Current trends tend
to look for extraction technologies without the use of solvents, the so-
called “green technologies” (Chemat et al., 2012). Examples of these
are enzyme assisted extractions in Laminaria japonica (Gao et al., 2017)
and in flaxseed gum (Moczkowska et al., 2019), and steam explosion in
sweet potato (Wang et al., 2017), in apple pomace (Liang et al., 2018),
and in okara (Li et al., 2019). Ultrasound has also been used for fibre
extraction flaxseed gum (Moczkowska et al., 2019) and combined with
acid extraction for fibre extraction in papaya peel (Zhang et al., 2017).
High hydrostatic pressures have been used for fibre modification in
purple-fleshed potatoes (Xie et al., 2017). Extrusion has been extensively
studied to improve the ratio IDF:SDF, for example in lupin seed coat
(Zhong et al., 2019), in garlic skins (Guo et al., 2018) and in orange
pomace (Huang & Ma, 2016).

The aim of this work was to evaluate the technological properties of
soluble fiber enriched powder obtained from orange pomace applying
different green extraction technologies, to be used as an ingredient in
food fibre fortification.
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Fig. 1. Orange pomace’s processing for fibre extraction.
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2. Materials and methods
2.1. Soluble fibre enriched powders

Powders were obtained according to Perez-Pirotto et al., 2022, as
presented on Fig. 1. Briefly, starting from orange pomace four different
treatments were assayed in pilot scale equipment (hot water — HW,
extrusion + hot water - EHW, jet cooker - JC, jet cooker + hot water -
JCHW) to extract soluble fibre. After performing the different treat-
ments, mixtures were centrifuged, supernatant was concentrated under
vacuum and spray dried on a Buchi B290 spray dryer. Encapsulation was
necessary to overcome stickiness in drying chamber. For this purpose,
whey protein isolate (WPI — Provon 292, Glanbia Nutritionals Inc.) was
added (8% total solids basis) to the concentrate before drying and was
kept under magnetic stirring at 60 °C until completely dissolved. After
spray drying, powders were stored under vacuum at room temperature
in the dark until use.

Chemical composition of powders was analysed on a previous study
(Perez-Pirotto et al., 2022). Briefly, TDF content was 9.48 + 0.45 g/100
g dwb for HW, 20.20 + 3.69 g/100 g dwb for EHW, 10.25 = 0.89 g/100
g dwb for JC and 13.03 + 1.8 for JCHW. Total sugars content was 64.15
+ 0.2 /100 g dwb in HW, 46.15 = 0.05 g/100 g dwb in EHW, 64.24 &
0.13 g/100 g dwb in JC and 60.37 + 0.31 g/100 g dwb in JCHW.

2.2. Microstructure

Samples were observed by Field Emission Scanning Electron Micro-
scopy (FESEM). The sample was adhered to double-sided carbon tape
and sputtered with a thin platinum layer. Samples were then photo-
graphed (Ultra 55 FESEM, Zeiss, Oberkochen, Germany) with an
accelerating voltage of 1.5 kV.

2.3. Color

Powder color was measured with a LabScan XE (HunterLab, USA).
Results were expressed as Hunter color values, L*, a* and b*. L* denotes
lightness and darkness, a* redness and greenness, and b* yellowness and
blueness. Chroma (AC) and Hue angle (°) were also calculated, following
equations (1) and (2). Browning index, which is indicative of the brown
color, an important parameter where browning reactions may take
place, was calculated as suggested by Phuon et al., 2021, with equation

3.

Chroma = (a™ + bﬁz)% )
—1 b’

Hue angle (H) =tan (a_*) @
[100 gget B — 0.31]

Browning Index = (oL 0 31'(3712/’) 3

2.4. Particle size

A particle size analyzer (NanoPlus zeta potential and particle size
analyzer, Particulate Systems, Atlanta, GA) was used to determine par-
ticle size distribution. Samples were suspended in distilled water and
particle size was determined by light scattering. Distribution is
expressed in terms of differential volume at a certain diameter. Also,
D;0, Dsp and Dgg were calculated, where Dy represents the diameter for
which x% of the particles have a smaller size. Span was calculated ac-
cording to Fournaise et al., 2021.

2.5. Water content and hydration properties

2.5.1. Water content
The water content of the samples was obtained by vacuum drying the
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samples in a vacuum oven at 60 °C and a pressure <100 mmHg, until
constant weight.

2.5.2. Water solubility

Water solubility was assayed according to Wang et al. (2015).
Briefly, 0.5 g were accurately weighed (W) in a Falcon tube and 25 mL of
distilled water were added. Tubes were vortexed at high speed for 30 s
and left at 90 °C for 30 min, with agitation, and afterwards centrifuged
at 9000 rpm for 10 min. Supernatant was lyophilized and weighed (W1).
Water solubility was calculated according to the following formula:

WS (%) :% x 100 “@

2.5.3. Hygroscopicity

Hygroscopicity was evaluated following the method proposed by
Oliveira et al. (2018). One (1.0) gram of sample was accurately weighed
in glass Petri dishes, in duplicate (Wj), and placed in a hermetic
container containing a glass with saturated NaCl solution, to get 75.5%
humidity. This container was left at room temperature (20 °C) standing
for one week. Petri dishes were afterwards weighed (Wy) and hygro-
scopicity was expressed as grams of adsorbed moisture per 100 g of
sample, using equation (5):

-W

W,
Hygroscopicity :fT x 100 5)

2.5.4. Oil holding capacity (OHC)

0Oil holding capacity was performed according to Wang et al. (2015),
with modifications. 0.5 g were accurately weighed (W) in a previously
weighed centrifuge tube. 5 mL of sunflower oil were added and mixed.
Tubes were left standing at room temperature for 1 h. Samples were
centrifuged at 4200 rpm for 15 min. Sediment was weighed (W;) and
OHC was calculated according to the following formula:

g
OHC (> 6
(g) (6)

2.6. Foaming capacity

Foaming capacity was assayed following Dick et al. (2019) method,
with some modifications. One (1.0) gram of sample was weighed in a
flask and 50 mL of distilled water were added. Samples were kept
overnight at 4 °C to ensure complete hydration. Volume was measured
before whipping (Vy) Afterwards, the sample was homogenized with
ultraturrax for 2 min at 10000 rpm and quickly transferred to the same
graduated tube in which volume was previously measured. Volume of
the foam was recorded (V,). Foaming capacity (FC) was calculated ac-
cording to the following formula:

FC(%) Y Vo 09 @
b

For foam stability, foam volume was measured 5, 10, 30 and 60 min

after whipping, and foaming capacity was calculated.

2.7. Rheology

Rheological properties were tested on a Rotational Rheometer
(Kinexus Pro+, Malvern Panalytical, Worcestshire, UK) equipped with a
Peltier cartridge to control sample’s temperature. Concentric cylinders
were used.

Solutions at 8% (w/w) concentration were prepared the day before
and left at 4 °C to ensure proper hydration of the samples. The day of the
test, samples were removed from the refrigerator and left at room
temperature to reach equilibrium.

Viscosity of the samples was analysed at 25 °C using shear rate from
0.1 to 200 s~! during 180 s. Samples were allowed to reach equilibrium
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for 3 min before starting analysis.

2.8. Differential scanning calorimetry

Glass transition temperature was determined using Differential
Scanning Calorimetry (DSC25 - TA Instruments, New Castle, Delaware
USA). Around 10 mg of powder were accurately weighed in aluminum
pans (Tzero pans — TA Instruments, New Castle, Delaware, USA) and
sealed. Samples were equilibrated at 20 °C, cooled to —20 °C, and then
heated to 60 °C at 10 °C/min in an inert atmosphere. An empty pan was
used as a reference, and liquid nitrogen was used for sample cooling.
Glass transition temperature was evaluated at the midpoint of the
transition, using TRIOS Software (TA Instruments, New Castle, Dela-
ware, USA).

2.9. Statistical analysis

Analyses were performed in duplicate. Results are expressed as mean
+ SD. ANOVA analyses were performed, and differences between sam-
ples were determined by LSD Fisher test with p-value 0.05.

XLSTAT 2021.2.1 software (Addinsoft 2020; New York, NY, USA).
was used for data processing.

1000x

HW — Hot water
extraction

EHW -
Extrusion + Hot
water extraction

JC — Jet cooker

JCHW — Jet
cooker + Hot
water extraction
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3. Results and discussion
3.1. Microstructure

After spray drying particles tend to be spherical, as this is the most
stable droplet formation (Gagneten et al., 2019). Micrographs of the
spray dried product are shown on Fig. 2. In this case, particles are rather
spherical, although some shrinkage is observed. Temperatures below
140 °C render particles with wrinkled surfaces (Ferrari et al., 2012); so,
taking into account drying operating conditions shrinkage may be due to
drying inlet temperature.

In all cases, coalescence is observed: particles have agglomerated and
formed greater irregular particles, as can be seen in Fig. 2. However, this
is more evident in the case of JC and JCHW (Fig. 2E-H), and to a lower
degree in HW and EHW powder (Fig. 2A-D). In the latter case, the fusion
of two or more particles is not as notorious as in the first cases: particles
keep their individual shape and have not coalesced. The fusion of par-
ticles is due to the liquid bridges established that connect particles with
each other, which are formed using available moisture or absorbing the
moisture from the environment (Edrisi Sormoli & Langrish, 2016). As
this is part of the caking that is produced in sugars, EHW is expected to
be the powder with the least fusion, as it is the one with the lowest sugar

5000x

Fig. 2. Microstructure of the spray dried powders observed by FESEM.
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content (46 g/100 g dwb in EHW compared to 60-65 g/100 g dwb in the
other samples, according to Perez-Pirotto et al., 2022).

3.2. Color

Color values obtained for the four powders are exhibited on Table 1.
The powder obtained under the extrusion treatment (EHW) was the one
with the darkest color as indicated by the lowest L* value. Also, the
browning index for this powder is the highest and significantly different
(p < 0.05) from the others. Between the treatments assayed, the extru-
sion exposes the sample to the highest temperature, a condition that may
favor non enzymatic browning reactions, such as caramelization or
Maillard reactions. However, all browning indexes were lower than
those observed by Phuon et al. (2021), for orange peels dried by
different methods.

As a* and b* parameters are positive for all treatments, the four
powders exhibit red and yellow shades, tending to have an orange tone.
No significant differences (p > 0.05) were observed on a* values be-
tween HW and JC. On b* values, the only significantly different from the
others was JCHW. Therefore, although on yellow shades they are all
similar, JCHW powder has a lower red component, which is also shown
on the highest L* and Hue angle values.

3.3. Particle size

Particle size distribution is shown in Fig. 3, and D¢, Dsg, Dgg, and
span values are exhibited in Table 2.

As indicated by span values, HW and EHW gave more broader dis-
tributions, with a higher particle size range. JCHW gave the most ho-
mogeneous powder size, however it was the biggest one. Despite the
difference on observed span values, all powders are mostly homogenous,
as their span is around 1 in all cases.

As seen in section 3.1., JC and JCHW powders microstructure exhibit
more caking than EHW and HW, which is clearly evidenced in sizes of
the particles. Once they have established the liquid bridge, particles
dissolute and form a bigger particle (Edrisi Sormoli & Langrish, 2016).
In the case of EHW and HW, where aggregation is seen but not at such a
degree, size is lower and also span values are higher, as each particle
keeps its original size.

3.4. Moisture content, hydration properties and oil holding capacity

Moisture content is an important parameter to determine the powder
stability during storage (Bhusari et al., 2014). It should be below 14% to
prevent or minimize microbial growth and chemical deterioration
(Mokhtar et al., 2018). All the powders had moisture contents below 6%,
as shown on Table 3, being significantly lower (p < 0.05) for EHW and

Table 1
Color properties of the different powders. HW: Hot water; EHW: Extrusion + hot
water; JC: jet cooker; JCHW: jet cooker + hot water.

Treatment  L* a* b* Hue Chroma Browning
angle index
HW 81.07 2.84 24.13 83.28 24.30 +  28.76 &
+0.09° + +0.10° +0.07° 0.10° 0.21°
0.02°
EHW 78.46 4.85 24.41 78.76 24.89 +  41.10 +
+0.220 £ +0.15°  +037° 0.15° 0.32¢
0.17¢
JC 81.71 2.58 24.49 84.03 24.63+  37.24 +
+1.11° £ +1.15°  +1.18" 1.20° 3.13°
0.63°
JCHW 84.84 1.11 21.00 86.97 21.03+  28.76 +
+0.34° £ +0.31°  +£0.43° 0.32° 0.73?
0.17°

Different letters in the same column indicate significant difference (p < 0.05).
Results are expressed as mean + SD of two repetitions.
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Fig. 3. Particle size of the different powders. HW: Hot water; EHW: Extrusion
+ hot water; JC: jet cooker; JCHW: jet cooker + hot water.

Table 2
Particle sizes of the different powders. HW: Hot water; EHW: Extrusion + hot
water; JC: jet cooker; JCHW: jet cooker + hot water.

Treatment D10 (pm) D50 (pm) D90 (pm) Span

HW 1.86 + 0.47° 2.63 + 0.68" 5.21 + 1.29° 1.28 +0.02¢
EHW 0.76 + 0.15% 1.10 + 0.22° 1.97 + 0.33° 1.11 + 0.05°
JC 6.32 + 0.02° 8.34 + 0.06° 12.15+0.01°  0.70 + 0.00°
JCHW 16.95 +0.98°  21.17 £0.76%  28.07 +£0.39¢  0.53 + 0.04*

Different letters in the same column indicate significant difference (p < 0.05).
Results are expressed as mean + SD of two repetitions.

Table 3

Moisture content, Water solubility, hygroscopicity and oil holding capacity
(OHCQ) of different powders. HW: Hot water; EHW: Extrusion + hot water; JC: jet
cooker; JCHW: jet cooker + hot water.

Treatment  Moisture Water Hygroscopicity (g OHC (g
content (%) solubility moisture/100 g oil/g
(%) sample) sample)
HwW 4.99 + 85.43 + 15.21 + 0.29% P 312+
0.22° 0.21° 0.04°
EHW 412 + 90.44 + 15.65 + 0.35° 341 +
0.03° 0.18° 0.02°
JC 4.42 + 86.32 + 15.28 + 0.03% P 3.28 +
0.03 1.42° 0.13*°
JCHW 543 + 83.04 + 14.63 + 0.18° 3.36 +
0.35° 0.06" 0.05"

Different letters in the same column show significant difference (p < 0.05).
Results are expressed as mean + SD of two repetitions.

JC, with no significant difference between them (p > 0.05).

Hydration properties and oil holding capacity of the different pow-
ders are also presented on Table 3. In the three analyses (water solubi-
lity, hygroscopicity and OHC), the powder with the highest performance
is EHW. As this powder has the smallest particle size (section 3.2)., its
relationship surface/volume is higher, and the interface that is exposed
to the surrounding environment (water, oil or moisture), is higher.

All powders show good solubility in water, being significantly
highest (p < 0.05) in EHW and lowest in the case of JCHW (Table 3).
Water solubility is positively correlated with soluble fibre content,
therefore it is expectable that the powder with the highest fibre content
is the most soluble (Gu et al., 2020), in this case EHW with 20.2 g/100 g
total dietary fibre and JCHW with 13.0 g/100 g total dietary fibre
(Perez-Pirotto et al., 2022).

Hygroscopicity is the ability of the powder to absorb moisture from
the surroundings and cause stickiness (Wong et al., 2018). Higher values
were observed in powders with the lowest moisture content. This is due
to the gradient between moisture content of the surrounding environ-
ment with the powder.
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OHC is important from a technological point of view, as it prevents
fat loss during cooking and helps remove excess fat from foods (Gan
et al., 2020). Also, it plays an important role in nutrition, where it can
bind bile acids and increase their excretion, therefore helping reduce
plasma cholesterol (Tosh & Yada, 2010). Oil holding capacity of samples
can be seen in Table 3. Differences between samples may be related to
fibre content, as higher fibre content renders a higher oil holding ca-
pacity (Wang et al., 2017).

3.5. Foaming capacity and stability

Foaming capacity and stability values can be seen in Fig. 4. Although
at the beginning JC foaming capacity is similar to EHW, the latter is the
most stable foam. All the other foams have disappeared after 30 min. As
all powders have the same protein content (8 g/100 g, according to the
WPI percentage used as encapsulating agent), differences in foaming
capacity and stability could be due to polysaccharides content. By
increasing viscosity, polysaccharides structure and stabilize lamellar
water, retarding liquid drainage and air-bubbles coalescence. Also, they
form a flexible film around the air bubbles, improving the foam for-
mation (Dick et al., 2019). Therefore, EHW is expected to be the one
with the most stable foam, as it is the one with the highest fibre content,
and therefore, polysaccharides content, according to Perez-Pirotto et al.,
2022.

3.6. Rheology

The four treatments exhibited a Bingham-like behaviour, Newtonian
with yield stress. All models fit with r? values higher than 0.99. They all
adjust to the equation ¢ = oy + 1,7, Where oy represents yield stress and
1, is plastic viscosity. Viscosity values were significantly different (p <
0.05) for the four of them. Results are shown on Table 4.

Highest viscosity and yield stress values were observed for EHW,
which may be due to the higher amount of soluble fibre present in the
sample (Perez-Pirotto et al., 2022). Dietary fiber, especially the soluble
type, is well known for providing viscosity and changing rheological
properties of the mixtures to which it is added. This thickening property
of these compounds is related to the ability polysaccharides have to
entangle physically with solution constituents. A positive and non-linear
relationship exists between molecular weight of the fibres in the solution
and the viscosity (Dikeman & Fahey, 2006). Therefore, extrusion seems
to be the treatment that gives the fibres with the highest molecular
weight and jet cooking the lowest ones. This could be due to the jet
cooking breaking these to a higher extent than desired, ultimately
liberating free sugars and decreasing the amount of soluble fibre
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=
230.00% |
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T 25.00%
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©
b —=—JCHW

15.00%

10.00%

5.00%

0.00%
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Fig. 4. Foam stability of solutions. HW: Hot water; EHW: Extrusion + hot
water; JC: jet cooker; JCHW: jet cooker + hot water.
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Table 4
Yield stress and viscosity of the samples. HW: Hot water; EHW: Extrusion + hot
water; JC: jet cooker; JCHW: jet cooker + hot water.

Treatment 6, (mPa) 1, (cP)

HW 39.27 £ 0.27% 6.02 + 0.19°
EHW 56.33 + 1.82° 25.46 + 0.53¢
JC 37.76 + 0.66% 4.16 + 0.03°
JCHW 37.02 + 0.25" 7.13 £ 0.15°

Different letters in the same column show significant difference (p < 0.05).
Results are expressed as mean + SD of two repetitions.

(Perez-Pirotto et al., 2022).

3.7. Differential scanning calorimetry

Thermograms obtained by DSC analysis are shown on Fig. 5. In all
cases there is a clear shift in the heat flow curve, related to a change in
the specific heat of the sample associated to the glass transition.

Glass transition temperature is the temperature at which an amor-
phous system changes from a glassy state to a rubbery one. It is related to
stability, as changes from glassy to rubbery state decrease viscosity and
therefore increase molecular mobility (Daza et al., 2016). Glass transi-
tion values ranged from 3.49 + 0.35 to 15.32 + 0.40 °C, for HW and
EHW, respectively. No significant difference was found between JC and
JCHW glass transition temperature, which had a mean of 6.77 + 0.85 °C
(p > 0.05). These values indicate that at room temperature all powders
are in the rubbery state. Storing a product above its glass transition
temperature may cause caking and agglomeration (Kaderides & Goula,
2017), which is clearly seen in the case of HW, JC and JCHW in Fig. 2.

Glass transition temperatures of protein - sugars mixture have been
extensively studied, and it has been found that measured Tg mainly re-
flects that of the sugars in the system, as described by Fang & Bhandari,
2012. Also, the differences in this parameter may be due to water con-
tent of the powders and molecular weight of its constituents (Ahmed
etal., 2010; Moghbeli et al., 2020). EHW has the highest glass transition
temperature, as it is the powder with the least amount of sugars, lower
moisture content and higher fibre content (Perez-Pirotto et al., 2022).

4. Conclusion

All products exhibit an orange shade and spheric microstructure,
although caking is notorious in the case of HW, JC and JCHW. They all
increase viscosity of water solution, while they do not change the
behaviour of the solution (all Bingham fluids). Regarding foaming, they

0.4

—HW
—EHW
—JC

—JCHW

Heat Flow (Normalized) @ (Wig)

0.6 T T T
20 0 20 40 60

Exo Up Temperature 7 (°C)

Fig. 5. DSC analytical curve of different powders. HW: Hot water; EHW:
Extrusion + hot water; JC: jet cooker; JCHW: jet cooker + hot water.
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all exhibit foaming capacity, but only EHW provides stability over time.
This powder is also the most interesting from hydration properties and
glass transition temperatures, as it is the one with the highest OHC,
water solubility and glass transition temperature. Through valorization
of a by-product and applying different extraction technologies, it was
possible to obtain soluble fibre enriched powders that can be used as
ingredients in the food industry due to their technofunctional
characteristics.
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