
ORIGINAL ARTICLE

The Impact of Esterification Degree and Source of Pectins
on Complex Coacervation as a Tool to Mask the Bitterness of Potato
Protein Isolates

Merve Yavuz-Düzgün1,2
& Benjamin Zeeb3

& Johannes Dreher3 & Beraat Özçelik1 & Jochen Weiss3

Received: 29 October 2019 /Accepted: 26 March 2020
# Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
There is an increasing interest in the food industry to use potato protein as an alternative plant protein. However, its bitter taste
often limits the utilization in novel foods and beverages. Coacervation is a promising technique to mask bitterness of certain food
compounds. In the present study, we aimed to reduce the degree of bitterness of potato protein by generating protein-pectin
complexes based on coacervation. Potato protein isolate and pectins derived from various origins having different degree of
esterification (DE) were initially mixed under acidic conditions to promote the formation of complexes. Single and complex
biopolymers were then characterized in terms of surface charge, solubility, rheological and sensorial properties as a function of
protein pectin ratio, pectin source, and the degree of esterification, respectively. The protein-pectin ratio and degree of esterifi-
cation of pectins substantially influenced the interaction behaviour and phase separation of the protein-pectin mixtures. The
bitterness score decreased with increasing surface charge and pectin concentration. Bitterness was strongly reduced for com-
plexes formedwith highDE citrus pectin at a protein pectin ratio 0.33. The complexes generated at this ratio were relatively stable
based on visual observation and microscopic images. Our results might have significant implications for the utilization of potato
proteins in beverage applications.
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Introduction

The demand for protein-rich beverages increased over the past
decade due to the fast growing trend of anti-aging and con-
sumer preferences towards a healthier diet. Beverages with a
high protein content (> 4%) currently available on the market
mainly contain animal-derived proteins, such as whey, casein-
ate or gelatin. However, consumers’ demand in plant-based
products is increasing due to moral, religious and cultural
dietary prohibitions/decisions and concerns over the safety

of animal-derived products become widespread. Because of
these reasons, beverage industry has begun to utilize plants as
an alternative to animal-based sources in this kind of bever-
ages [1–5].

Plant proteins are known to have potential positive health
effects such as decreasing the plasma cholesterol, decreasing
coronary heart disease development and controlling calorie
intake. They can provide an essential high quality protein in
a concentrated form for specially designed low-calorie/high-
nutrient-density meals [6]. In addition, mixtures of plant pro-
teins serve as a well-balanced source of amino acids to meet
human physiological needs [7]. However, organoleptic prop-
erties are as important as nutritional and health effects when
introducing these proteins into foods and beverages. Mostly,
plant proteins have been found to have a bitter taste and infe-
rior flavor which limits their use in high protein beverages [8,
9]. The sensation of bitter taste was explained by a possible
electrical response induced by bitter compounds in non-
gustotary cells, such as neuroblastoma cells and olfactory
cells. Moreover, it was suggested that, electrical response to
bitterness compounds could prolong the bitterness sensation
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in an ionic medium which could also occur in the presence of
proteins due to their cationic nature [10].

Currently, the food industry applies various methods such
as the addition of sweet-tasting compounds, salts, odorants or
texturants to reduce the bitterness [11]. However, these tradi-
tional techniques could negatively impact the healthiness of
functional foods and beverages. In this context, various ap-
proaches including the removal, encapsulation and complex-
ation are being investigated to reduce the sensation of bitter-
ness [12, 13]. Several studies suggested that, polysaccharides
such as alginate, chitosan or pectin could be utilized to form
complexes with bitter molecules, thus preventing the contact
with the receptor during in-mouth processing [14].
Accordingly, complex coacervation between proteins and
polysaccharides which renders an electrostatic complexation
between oppositely charged proteins and polysaccharides
could lower the unpleasant bitter taste of plant proteins [13].

Potato proteins are by-products of starch production and its
nutritional value has been shown to be greater than that of
other vegetable or cereal proteins and casein while being com-
parable to that of egg protein [15–18]. Potato proteins are
divided into three major fractions which are patatins, protease
inhibitors and remainder proteins. Patatins (35–40%) are gly-
coproteins with a molecular weight around 40 kDa, having a
pI at 4.8–5.2. The protease inhibitors (25–50%) are a diverse
group of proteins with a molecular weight of 7–21 kDa and
the pI varying between 5 and 8. The remainder proteins
(~10%) are enzymes with different high molecular weight
[19, 20]. In contrast, pectin is an anionic cell-wall polysaccha-
ride which is composed of a backbone of (1→ 4) α-D-
galacturonosyl residues interrupted with typically a 10% sub-
stitution of (1→ 2)-α-L-rhamnopyranosyl residues [21].
Generally, the main sources for commercial pectin production
are apple pomace and citrus peel [22]. Apple pectins (AP) and
citrus pectins (CP) have different functional properties due to
their structural differences. Pectins are classified based on two
parameters: the degree of methyl esterification of the carboxyl
groups and the distribution of these methyl-esters along the
pectin backbone. The ratio of methyl-esterified galacturonic
acid groups to total galacturonic acid groups is termed as the
degree of esterification (DE). Thus, high-methoxy pectins
have ≥ 50% DE, whereas low methoxy pectins have < 50%
DE [23]. The other parameter which is related to distribution
of the methyl-esters is represented as the degree of blockiness
(DB). A high DB value means that the methyl-esters are dis-
tributed in a blockwise manner while low DB value corre-
sponds a random distribution [24].

Although its potential to use as an alternative food ingredi-
ent to animal protein, the bitter taste coming from potato pro-
tein isolate could limit its use in new food or beverage formu-
lations [13]. Complex coacervation is one of the promising
methods to mask bitterness by means of biopolymer utiliza-
tion. Biopolymers could prevent bitter compounds coming in

contact with the human taste buds and delay the dissolution
progress in the mouth [25–27]. According to our knowledge,
there are no studies investigating the complex formation of
potato proteins, using different sources of pectins with varying
DE, on the effect on bitterness. We hypothesized that the mag-
nitude of bitterness would be reduced with an increase in
protein-polysaccharide complex formation as it decreases the
electrical charge of the cationic proteins. Thus, the degree of
esterification could change the optimum protein-pectin ratio
for complexation and accordingly the perception of bitterness.
In addition, the pectin’s origin could also have an influence, as
the degree of blockiness that affects protein-pectin interactions
is highly depended on the pectin source. Therefore, in this
study the effect of the following parameters on protein-
pectin complex formation as well as on the perception of bit-
terness were investigated: The pectins’ degree of esterification
(high and low), their origin (apple and citrus) and the ratio of
protein to pectin. All biopolymers were individually charac-
terized in terms of solubility and surface charge.

Materials and Methods

Materials

Food grade potato protein isolate was donated by Döhler
GmbH (Darmstadt, Germany). Potato protein isolate contained
(min.) 90% protein, (max.) 9% moisture, (max.) 5% ash and
(max.) 0.5% sulphite according to specification provided by
manufacturer. Apple pectin with 71% DE (AP DE71, Pectin
Classic AU-L 051/15), apple pectin with 35% DE (AP DE35,
Pectin Classic AU-L 051/15), citrus pectin with 70% DE (CP
DE70, Pectin Classic CU-L 053/15) and citrus pectin with 35%
DE (CP DE35, Pectin Classic CU-L 054/15) were supplied
from Herbstreith & Fox KG (Neuenbürg, Germany) and used
without further purification. Bradford reagent Roti®-Quant, an-
alytical grade sodium hydroxide (NaOH), and hydrochloric ac-
id (HCl) were obtained from Carl Roth GmbH+Co. KG
(Karlsruhe, Germany). Lactic acid solution was supplied by
Döhler GmbH (Darmstadt, Germany). All samples were pre-
pared in double-distilled water and all concentrations are
expressed in mass percentage (% w/w).

Biopolymer Solution Preparation

Powdered potato protein isolate (0.5% w/w) and pectins
(0.5% w/w) were dissolved in double-distilled water and
stirred at ambient temperature overnight to ensure com-
plete hydration. After hydration, the biopolymer solutions
were adjusted to pH 3.0–8.0 using HCl and/or NaOH
(0.1 M, 1 M).
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Biopolymer Complex Formation

The biopolymer complexes were generated based on the
method described in our previous study [13]. The potato pro-
tein isolate (1% w/w) and pectin (1% w/w) solutions were
initially adjusted to pH 3 using HCl and/or NaOH (0.1 M,
1 M). A series of complex dispersions were generated with
different protein-pectin ratios (0.33–5.00). All biopolymer
dispersions were mixed for at least 2 min at ambient temper-
ature on a stirrer plate (mixing speed 100 rpm) to ensure even-
ly distributed dispersions. The final concentration of protein
was 0.25% w/w and the pectin concentration was between
0.05–0.75% w/w in complexes.

ζ-Potential

The ζ-potential of individual biopolymer dispersions (0.5%
w/w) at pH 3–8 and complex biopolymer dispersions (0.3–
1% w/w) at pH 3 were measured by using a Laser-Doppler-
micro-electrophoresis device (Zetasizer Nano-ZS, Malvern
Instruments, Malvern, UK). Samples were diluted to a bio-
polymer concentration of 0.05% with double-distilled water
and then loaded into an appropriate cuvette. The ζ-potential
was determined by measuring the direction and velocity that
the droplets moved in the electric field applied. All measure-
ments were carried out at 25 °C. The Smoluchowski equation
was utilized to calculate the ζ-potential according to Eq. (1).

νE ¼ 4πε0εr
ζ

6πμ
1þ κrð Þ ð1Þ

where νE is the mobility, ζ is the ζ-potential, ε0 and εr are the
relative dielectric constant and the electrical permittivity of a
vacuum, respectively, μ is the solution viscosity, r is the par-
ticle radius and κ is the Debye–Hückel parameter. The ζ-
potential measurements were conducted on two replicates of
freshly prepared samples with four readings on each replicate.

Solubility

The solubility of the protein was determined using a method
published previously [28]. In brief, protein solution (2%) in
double-distilled water was prepared with stirring at ambient
temperature for 2 h to ensure a complete hydration. pH values
were adjusted from 3 to 8 using 0.1 M and 1 M HCl and/or
NaOH and samples were centrifuged for 30 min at 36000 rpm
(Biofuge 28 RS, Heraeus Sepatech, Germany). The protein
concentration in the supernatant after centrifugation was mea-
sured with microplate procedure of Coomassie Brilliant Blue
reagent which is a modificated procedure of Bradford assay
[29]. 5 μL of the supernatant and 250 μL of Coomassie re-
agent mixed for 30 s and incubated for 10 min. The absor-
bance of mixtures was measured at 595 nm using a

spectrophotometer (BioTek Synergy 2 Multi-Mode Reader,
Winooski, USA). Quantification was carried out using a cali-
bration curve (0–25 μg mL−1) obtained with albumin.

Viscosity

The flow behavior of individual and complex dispersions was
analyzed using a modular compact oscillatory rheometer
(Anton Paar, Stuttgart, Germany) which was equipped with
a coaxial cylinder (CC-27, cup diameter: 28.92 mm, bob di-
ameter: 26.66 mm). Flow curves were recorded by increasing
the shear rate of the coaxial cylinder system equilibrated to
25 °C logarithmically from 1.0 to 300 s−1. The viscosity ηwas
calculated as the slope of the shear stress vs. strain curve and
plotted as a function of protein-pectin ratio at a shear rate γ =
203 s−1.

Microstructure

Microstructure of samples were assessed by light microscopy.
Micrographs were taken with an axial-mounted Canon
Powershot G10 digital camera (Canon, Tokyo, Japan)
mounted on an Axio Scope optical microscope (A1, Carl
Zeiss Microimaging GmbH, Göttingen, Germany). The im-
ages presented are representative examples of the samples
investigated during the study.

Visual Observation

The individual and complex biopolymer dispersions stored for
24 h at room temperature and phase separation behavior was
observed using a digital camera (PowerShot SX200 IS,
Canon, Tokyo, Japan).

Sensorial Evaluation

A series of complex dispersions was generated with different
potato protein-pectin ratios (0.33–5.00) at pH 3 using lactic
acid. In preliminary tests, various organic and inorganic acids
(namely lactic acid, phosphoric acid, citric acid, malic acid)
were tested on the formation and stability of the complexes
formed, whereas no differences on the size, shape and charge
was identified. As such, we decided to utilize an organic acid
for the sensorial tests, since lactic acid is commonly used in
many food applications. Moreover, it was reported that lactic
acid is advantageous to use in food industry as it does not
mask or overpower the other weak aromatic flavors and it
has a milder taste than other organic acids have [30].

Initially, the panel including 28 panelists was trained for
bitterness according to DIN 10959 with caffeine solutions of
0.05, 0.1, 0.15, 0.175, 0.2, 0.25, and 0.3 g L−1. The panelists
selected were able to identify a critical threshold concentration
of at least 0.25 g L−1 as bitter. A rank sum test was used to
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determine the bitterness of complex dispersions. Sensory eval-
uation was performed in a standardized sensory setup, accord-
ing to DIN 10950:2012–10.27. The data were interpreted with
nonparametric analysis which was specified as appropriate
analysis for rank sum test by Meilgaard et al. [31]. The de-
tailed information regarding the sensory data analysis was
given in the section of statistical analysis.

Statistical Analysis

All measurements were repeated at least three times using
duplicate samples. Means and standard deviations were cal-
culated from these measurements using Excel (Microsoft,
Redmond,WA, USA). A Fisher test with a confidence interval
of 95 was used to evaluate the statistical differences
(Minitab® 16 Statistical Software, Minitab Inc. State
College, Pennsylvania, USA). Pearson correlation coefficient
and p value was found by Excel – Data Analysis (Microsoft,
Redmond, WA, USA). For microscopic imaging, representa-
tive images were chosen from amongst at least five similar
images. Regarding the sensorial datas, Friedman analysis was
used to determine if significant differences (p < 0.05) exist
among samples and then an appropriate multiple comparison
procedure was applied to find which samples were significant-
ly different (p < 0.05). Friedman analysis was performed with
IBM SPSS 19 (Chicago, IL, USA). Multiple comparison pro-
cedure which is appropriate for rank data was chosen as the
method of nonparametric analog to Fisher’s LSD for rank
sums which was proposed by Meilgaard et al. [32]. Two sam-
ples are declared to be significantly different (p < 0.05) if their
rank sums differ by more than the value of LSDrank in Eq. (2)

LSDrank ¼ zα=2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
bt t þ 1ð Þ=6

p
ð2Þ

where b is the number of panelists and t is the number of
samples. The value of zα/2 was taken 1.96 which corresponds
to confidence interval of 95.

Results and Discussion

Physicochemical Characterization of Individual
Biopolymers

The impact of pH (3–8) on the ζ-potential of potato protein
and pectin solutions (0.5% w/w) in distilled water was inves-
tigated (Fig. 1). The ζ-potential of potato protein solution
changed from negative (−1.05 ± 0.09 mV) to positive
(+23.7 ± 1.74 mV) as the pH was decreased from 8 to 3. As
the pH decreases, carboxyl groups and amino groups of the
protein undergo a gradual protonation which results a change
in electrostatic repulsion pattern [33]. The measured pI of

potato protein was between pH 7–8 which shows that the
potato protein samples used in this study mostly consisted of
protease inhibitors, that were reported to have a varying pI
between 5 and 8 [19, 34].

In addition, the lowest solubility (53.52 ± 1.00%) for potato
protein solution was measured under alkaline conditions
(pH 8) whereas a gradual increase was observed with decreas-
ing pH reaching a maximum value (92.99 ± 2.03%) at pH 3
(Table 1). A statistical evaluation confirmed that solubility
was directly dependent on net ζ-potential values (r = 0.922;
p < 0.01) proving the effect of alteration in electrostatic repul-
sion on the solubility with a change in degree of surface
charge. It was mentioned that increased net surface charge
can overcome various attractive forces (e.g., van der Waals,
hydrophobic and depletion) which contributes to the solubility
at acidic pH [35, 36]. Near the pI, the repulsive electrostatic
interactions between molecules are of very low magnitude so
that protein molecules form aggregates [37].
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Table 1 Solubility (%)
of potato protein
(cbiopolymer 0.5%) as a
function of pH (3–8)

pH (±0.05) Solubility (%)

3 92.99 ± 2.03

4 91.05 ± 3.23

5 60.74 ± 0.34

6 62.12 ± 1.61

7 55.50 ± 0.45

8 53.52 ± 1.00
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In contrast, all pectins tested had negative surface charge
over the entire pH range (Fig. 1) – a typical pH-depended
behavior for that type of hydrocolloid. It can be clearly seen
that all pectin types had higher negative surface charge at
higher pH values and there is a sharp decrease in net negative
surface charge due to pKa values around 3.5 of carboxylic
acid groups. The carboxylic acid groups would be uncharged
(–COOH) at the pH values lower than pKa while they can be
fully charged (–COO−) at high pH values [38]. However, sig-
nificant differences between pectins with various DE was ob-
served. As such, pectins with a low DE had a higher net
negative surface charge over the whole pH range regardless
of origin due to a larger number of dissociated carboxylic acid
groups [39]. The differences in ζ-potential plots of pectins
with the same DE and from different sources could be due
to blockwise distribution of free carboxylic acid groups in
citrus pectin [40, 41]. It was previously reported that the most
ordered pectin in terms of non-esterified carboxylic acid
groups has the net highest negative ζ-potential among pectins
with the same DE [41].

Based on the characterized properties of individual bio-
polymers, we chose pH 3 for the formation of complexes. At
this pH both biopolymers (protein and polysaccharides)
showed a high solubility and nearly equal net surface charge
values which potentially promotes electrostatic attraction [42,
43].

Physicochemical Characterization of Complexes

It was previously observed in studies conducted in our lab [13,
44–46] that proteins could be utilized as potential ingredients
for the formation of protein-pectin complexes. In general, it
was demonstrated that the complex formation was promoted
under conditions where the biopolymers carry opposite
charges, whereas the pH-value, protein-pectin ratio, and the
pectin type could be used to modulate the size and morphol-
ogy of the complexes formed. ζ-potential measurements have
been used as a rough measure in the study as it is the com-
monly used method to evaluate the complex formation be-
tween oppositely charged biopolymers [47]. Viscosity mea-
surements, microstructure images and visual observations
were used to characterize the complexes formed.

Impact of Biopolymer Ratio

The purpose of this set of experiments was to determine an
optimum protein-pectin ratio to generate complexes which are
stable to gravitational separation and small enough to avoid
light scattering. As such, potato protein and various pectin
types were mixed under acidic conditions (pH 3) at different
protein-pectin ratios ranging between 0.33–5, whereas the
overall protein concentration (0.25%) was kept constant.
The impact of protein-pectin ratio on the surface charge of

complexes is shown in Fig. 2. The net negative surface charge
of the complexes decreased with protein proportion until
achieving electroneutrality (ζ-potential = 0 mV), whereas
higher protein-pectin ratios produced complexes with higher
positive surface charge. At the point of electroneutrality, all
negative sites of pectin are saturated by positive sites of potato
protein. Neutral surface charge was obtained at near to a
protein-pectin ratio of 2.5 for the complexes formed with high
DE pectins. Protein-pectin ratios of 1 and 1.67 were required
for charge neutralization for the complexes formed by AP
DE35 and CP DE35, respectively. The ζ-potential values of
the mixtures turned to positive at higher protein-pectin ratios,
which can be explained by low amount of carboxylic groups
of pectins in solution to interact with amino groups of protein.
It was indicated that, protein-pectin ratio controls the equilib-
rium of macromolecule charges and thus the degree of elec-
trostatic interactions and the extent of self-aggregation during
complex formation [48]. Sanchez et al. [49] also stated that the
structure of coacervates is affected by biopolymer mixing
ratio.

ζ-potential results were supported by visual observations of
the mixtures as a function of protein-pectin ratio (0.33–5)
(Fig. 3). For samples with lower net ζ-potential values (<
20 mV), phase separation and precipitation observed, while
at higher values (> 20 mV) stable coacervates with a turbid
appearance formed. Kim and Wicker [50] also stated that in-
sufficient pectin concentration results in bridging flocculation
while too high pectin concentration cause a strong increase in
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viscosity preventing the precipitation. In addition, microscop-
ic images showed that intensity of interaction between bio-
polymers was enhanced by the protein-pectin ratio (Fig. 4).
The complexes at the ratio of 0.33 showed dispersed small
aggregates while larger clusters with a firmer appearance were
observed for those complexes generated at ratio of 1, 2.5 and
5. There were also dispersed small aggregates which probably
resulted from protein-protein interactions at high protein-
pectin ratio. Wang et al. [40] explained complex formation
at high protein-pectin ratio with binding of protein separately

on the pectin chain network and aggregation of some protein
dimers with each other to form small protein domains.

Impact of Pectins’ DE

As it is seen in Fig. 2, the surface charge pattern of the com-
plexes was clearly affected by DE of pectins. The slope of
surface charge plot of complexes generated with low DE pec-
tins was higher than complexes formed with high DE pectins.
Higher protein-pectin ratios required for net ζ-potential values
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Fig. 4 Microscopic images of complexes generated at different protein-pectin ratios (0.33–1 – 2.5 – 5.0) with AP DE71, AP DE35, CP DE70 and CP
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Fig. 3 Images of complexes (cprotein 0.25%) of PPI / different pectin types as a function of protein-pectin ratio generated at pH 3
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< 10 mV in the complexes generated with low DE pectins.
This is probably due to higher amount of galacturonic acid
content of low DE pectins. In addition, previous literature [51,
52] indicated that the difference in water affinity between
protein and pectin decrease when the pectin is less hydrophilic
which is possible when it has lower DE. It was reported that
when both biopolymers have similar and low water affinity,
they do not show a tendency to dissolve in water as an indi-
vidual biopolymer, instead their compatibility to each other
increase and stronger interactions are formed [51]. We as-
sumed that plant proteins which contains relatively higher
hydrophobic amino acids than animal proteins could make
stronger interactions with pectins with low DE. It was also
stated by Einhorn-Stoll et al. [51] that compatibility of sodium
caseinate which is a relatively hydrophobic protein has in-
creased when pectin with low DE has used for complexation.

Visual observations also demonstrated that DE of pec-
tins clearly affects the complex formation especially at
higher protein-pectin ratios (Fig. 3). All complexes at the
protein-pectin ratio of 0.33 promoted a turbid appearance
without visible sedimentation. However, high DE pectins
caused a precipitation at the ratio of 0.5 in addition to a
turbid supernatant. At higher protein-pectin ratios, the
complexes generated with high DE pectins looked more
like a precipitate than a coacervate while there was a
cloudy phase separation formed with low DE pectins.
This is probably due to viscous structure of low DE pec-
tins interfering with the sedimentation of coacervate [53].
Microscopic images (Fig. 4) supported the visual observa-
tion that large number of small features in microscopic
images gave a low degree of phase separation in visual
observation while small number of large features lead to
precipitation or coacervation. Protein-pectin mixtures ob-
tained with low DE pectin had a different visual observa-
tion and microscopic images than the mixtures obtained
with high DE. This could be due to the presence of hydro-
gen bonding between pectin chains and minor contribution
of hydrophobic interactions to electrostatic interactions in
complexes formed with low DE. These interactions could
be neglected for the complexes generated with high DE
due to their high hydrophilicity [54].

Impact of Pectin Source

The pectin source also had an effect on complexation
and the viscosity of the formed complexes. The degree
of blockiness, molecular weight and neutral sugar side
chains could be the influencing factors depending on
the source of pectins.

As can be seen from Fig. 2, surface charge patterns were
similar for complexes formed with high DE pectins, irrespec-
tive of their origin. For low DE pectins, however, clear differ-
ences could be seen. Even though the DE of CP DE35 and AP

DE35 was the same, the complexes formed with the latter
reached to neutralization at a lower protein-pectin ratio. This
could be explained by differences in degree of blockiness
values in these two pectins.

The distribution of carboxylic acid groups was largely
studied in relation to the formation of gels in the presence
of Ca2+. It was reported in several studies that pectins with
low DE which are able to form gel in the presence of Ca2+

have higher gelling properties when those have higher
amount of blockwise distributed carboxylic acid groups.
Blockwise distribution of reactive sites generates a local
charge concentration and hold Ca2+ ions in place in gel
structure [55–61]. Lutz et al.[41] explained that, the
blockwise arrangement allows stronger and more effective
intermolecular interactions, probably because the sequence
of carboxylic acids permits better contact between the pec-
tin chains and better utilization of the carboxylic acid
groups is provided.

As such, it was indicated that pectins having a higher local
charge density might form complexes with proteins which
could withstand harsher environmental conditions [62].
Warnakulasuriya et al. [63] also found that dispersions includ-
ing pectins with high DB gave higher OD values meaning the
formation of more complexes with pea protein isolate. In ad-
dition, we recently demonstrated that pectin-protein com-
plexes grew in size with decreasing temperatures, increasing
degree of charge density and decreasing pectin concentration
[64].

It was indicated that citrus pectin shows a blockwise ester-
ification due to its partial de-methylation by native pectin es-
terase prior to processing [41, 62, 65]. However, for com-
plexes formed with low DE pectins, higher differences in ζ-
potential were observed. A reason for this could be the higher
sensitivity of low DE pectins than that of high DE pectins to
cationic charge groups when they possess a blockwise distri-
bu t ion [66] . Bes ides the degree of b lockiness ,
Warnakulasuriya et al. [63] mentioned that neutral sugar side
chains could also have an important role on complex coacer-
vation by means of hydrogen bonding or hydrophobic
interactions.

Based on the viscosity measurements, complexes
formed with apple pectin had a higher viscosity than
citrus pectin with the same DE at lower protein-pectin
ratios (Fig. 5). Wang et al. [40] indicated that, viscosity
of pectin solutions increase with molecular weight and
neutral sugar side chains at similar galacturonic acid con-
tents. However, neutral sugar side chains appeared to be
predominant factor affecting the viscosity in our case as
apple pectin has lower molecular weight but higher neu-
tral sugar side chains than citrus pectin. This finding was
supported by Wang et al. [40] and Renard et al. [67] who
observed a higher viscous shares for apple pectin than
citrus pectin.
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Impact of Complexation with Different Pectins
on Bitterness

Bitterness perception was evaluated for complexes formed
with APDE71 and CPDE 70 at different protein-pectin ratios.
As the low DE pectins had a high viscosity, sensorial evalua-
tion could not be performed due to being not drinkable at low
protein-pectin ratios. Despite all complexes having the same
protein concentration (1% w/w) bitterness score increased
with increasing protein-pectin ratio (Fig. 6). A very similar
pattern obtained for bitterness score and surface charge prop-
erties. The complexes with a positive surface charge were
found to be more bitter than the ones with a negative surface
charge, which is in agreement with our previous paper [13].
The relationship between bitter compounds and surface
charge was supported by several authors [68–70] who indicat-
ed that most of the bitter compounds are cationic in nature.
Moreover, previously published literature [70, 71] showed
that bitter off-notes were increasingly reduced with higher
pectin concentrations with a constant protein amount.

According to sensorial results, complexes formed at the
ratios of 0.33 and 1 had significantly lower bitterness rank
sum than that of protein. Bitterness rank sum was lower in
complexes generated with citrus pectin than in complexes
generated with apple pectin at the protein-pectin ratio of
0.33. The reason for this could be the blockwise distribution
of citrus pectin on pectin backbone. Blockwise distribution
could lead to more stable complexes, affecting the perception

of bitterness. However, the bitterness rank sum of complexes
formed at the ratio of 2.5 were not statistically different from
the protein and the complexes formed at the protein-pectin
ratio of 1. This could be explained by the increasing viscosity
of complexes with pectin concentration as it affects the oral
perception of bitter taste. This was also indicated by panelists’
comments as undesirable texture and mouthfeel especially at
higher pectin concentrations. This effect was also described by
other researchers [72, 73] who observed an impact on texture,
flavor release and other sensorial qualities when polysaccha-
rides were utilized above a critical polymer concentration.

Conclusion

The results of this study showed that the pectin type and de-
gree of esterification had a clear impact on the association of
potato protein-pectin complexes. Based on the measured sur-
face charge, microscopic images and visual observation, it can
be concluded that the ratio between protein and polysaccha-
ride had a substantial effect on charge balance and therefore
on the intensity of interactions. Bitterness, as evaluated by a
sensory panel, was highly depended on surface charge of com-
plexes. This resulted in the lowest bitter taste for samples with
the highest net negative surface charge on complexes

0

10

20

30

40

50

60

70

80

Pectin 0.33 1 2.5 Protein
B

it
te

rn
es

s 
S

co
re

Potato Protein-Pectin Ratio

Apple Pectin DE71

Citrus Pectin DE70

A

cC

bc BC 

b B

a

A

a

Fig. 6 Sensorial ranking sums (bitterness) of potato protein-pectin com-
plexes as a function of biopolymer ratio (cprotein = 1.0%). Please note:
Results of bitterness of apple pectin potato protein mixtures with the same
uppercase letter were not significantly different (p < 0.05). Results of
bitterness of citrus pectin potato proteinmixtures with the same lowercase
letter were not significantly different (p < 0.05)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.33 0.5 1 1.67 2.5 5 Protein

V
is

co
si

ty
 η

(P
a*

s)

Potato Protein-Pectin Ratio 

Apple Pectin DE71

Apple Pectin DE35

Citrus Pectin DE70

Citrus Pectin DE35

Fig. 5 Rheological properties (viscosity) of biopolymer samples as a
function of apple pectin/protein ratio formed at pH 3 (cprotein = 0.5%).
Viscosity η shown at a shear rate γ = 203 s−1

383Food Biophysics  (2020) 15:376–385



generated at the protein-pectin ratio 0.33 which also gave a
relatively stable mixture. Citrus pectin proved to be better to
prepare soluble complexes at low protein-pectin ratio as com-
plex solutions had a lower viscosity. Moreover, high DE pec-
tins provided less viscous complexes than low DE pectins
which could make their utilization easier in high protein bev-
erage applications. It was inferred from the study that complex
coacervation of potato protein with citrus pectin with a high
DE could be an efficient method for reduction of bitter taste in
potato protein products. A further study could be conducted
using pectins with a known degree of blockiness at the same
esterification degree to clarify the effect on complex formation
and sensorial acceptance of proteins. Moreover, a sensory
analysis could also be performed at incremental viscosity
values of pectins with a same amount of bitter compound to
observe the impact of viscosity on bitterness quantitatively.
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