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Abstract. Hydrocolloids, especially polysaccharides from traditional plant sources and their derivatives possessed significant emulsifying properties. Pectin
was isolated from celery tubers by accelerated “green” method for extraction based on ultrasonic irradiation. Further chemical modification of celery pectin was
performed with 4 mol/L NH3. The amidated celery pectin was obtained with the following characteristics: the degree of esterification (DE) 31%, the degree of
amidation (DA) 16%, degree of acetylation (DAc) 2% and anhydrouronic acid content (AUAC) 68%. This modified pectin was incorporated in preparation of
model 30, 40 and 50% oil-in-water emulsions. The effect of amidation of celery pectin on the stability of emulsions was investigated. The results showed that
amidation increased the emulsifying properties of pectic polysaccharides. It affected also the rheological characteristics of model emulsion. The current study
demonstrated preparation of emulsion with low-caloric amidated pectin as proper alternative to the traditional emulsifiers.

Keywords: celery, amidated pectin, IR-FT spectra, emulsions, rheology

Introduction
The celery (Apium graveolens var. rapaceum D. C.) tubers are
evaluated as a rich source of pectin (Siddiqui, 1990; Hansen et al.,
2001; Petrova et al., 2014). Our previous studies demonstrated
significant yield of pectin from celery – 30% dw (Petrova et al., 2014;
Murdzheva et al., 2016). Celery pectic polysaccharides are
characterized with low degree of acetylation around 4% in
comparison of sugar beet and sunflower pectin and anhydrouronic
acid content (AUAC) 75% (Hansen et al., 2001). Our earlier
investigations showed that the main pectic polysaccharide fraction
from celery tubers were with average degree of esterification (DE)
and good gelling strength (Denev et al., 2004; Petrova et al., 2014;
Murdzheva et al., 2016).
Pectic substances are hydrocolloids widely used in food
industry as a gelling agent, thickener, texturizer, emulsifier and
emulsion stabilizer (Rolin and Vries, 1990; Sakai et al., 1993;
Ngouemazong et al., 2015). The important characteristics of
commercial pectin used as food additives is 65% galacturonic acidbased content, which may be present as free acid, methyl ester, in
amidated pectin or acid amide (May, 2000).
The strong correlation was found between rheological
properties (emulsion stability) and DE of the pectin (Popova et al.,
1993; Einhorn-Stoll et al., 1996). Moreover, the protein moiety,
feruloyl and acetyl groups, play a major role in pectin emulsifying
activities, while the emulsion-stabilizing properties of the polymer
are controlled by the homogalacturonan domain and the neutral
sugar side chains of the rhamnogalacturonan-I (Ngouemazong et
* e-mail: petkovanadejda@abv.bg
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al., 2015).
Amidated pectin are low methoxyl pectin in which some of the
carboxylic acid groups are amidated. The chemical modification of
pectin (ammonolysis, amidation, transeterification) is relatively easy
as it does not require extreme conditions and the amide bond is
sufficiently resistant to hydrolysis by acids or alkali (Kratchanov et
al., 1989; Mishra et al., 2008). Moreover, pectin can be modified
through amidation by the partial replacement of methoxyl groups
with amide groups, following a treatment of pectin with ammonia or
primary aliphatic amines (generally in alcohol media) (Kratchanov et
al., 1989; Racape et al., 1989; Sinitsya et al., 2000).
The degree of amidation (DA), or the percentage of carboxyl
group in the amide form (typically around 17%), allows this type of
pectin to tolerate more variation in calcium content and to possess a
higher degree of thermoreversibility (Matia-Merino et al., 2004). The
influence of amidated citrus pectin on the rheological and
microstructural properties of sodium caseinate gels (2% w/v) (MatiaMerino et al., 2004) were studied. In addition, the aggregation of
whey proteins with amidated pectin and the influence of this
aggregation on emulsifying properties were evaluated (Kováčová et
al., 2009). Low-methyl esterified amidated celery pectin was used
successfully for the preparation of fermented dairy products
enriched with soluble dietary fibers (Vlaseva et al., 2016). Until now
the amidated celery pectin was not investigated in details for their
emulsion-stabilizing properties in model oil-in water emulsions.
The aim of the current study was to modified celery pectin by
amidation and then to evaluate the emulsifying potential of
characterized amidated celery pectin. The replacement of high-

caloric emulsifiers (lecithin and glycerol monostearate) with
modified natural dietary fiber will allow the marketing of food
emulsions with properties similar to functional foods.

Material and methods
Plant material
Fresh celery (Apium graveolens var. rapaceum D. C.) tubers
were purchased from the local market in Plovdiv. The plant material
was washed with tap water, cleaned from impurity, pealed, coarsely
ground and dried at 40°С.
All reagents were analytical grade and used without further
purification. pH values were monitored by a pH meter 7110 WTW
(Germany).
Isolation of pectin from celery tubers
The dried celery tubers were finely ground in laboratory
homogenizer and preliminary washed with 70% ethanol acidified
with 2% hydrochloric acid to obtained alcohol insoluble solids (AIS).
The pectin from celery AIS was isolated by ultrasound-assisted
extraction with ammonium oxalate as previously described (Petrova
et al., 2014).
Amidation of celery pectin
The amidation reaction was performed in heterogeneous
media. Isolated celery pectin was soaked with 120 cm3 70% (v/v)
aqueous ethanol. Then 4 mol/L NH3 in 70% (v/v) ethanol with
temperature 4°С was added to the mixture (Kratchanov et al., 1989).
The amidation reaction was carried out under conventional
conditions (at 4°С for 180 min) with periodically shaking. Then 5%
HCl/70% C2H5OH was added to adjust pH to 3.0 and vacuum
filtration was done. Finally, the product was washed with 70% (v/v)
aqueous ethanol to the neutral pH value. Amidated celery pectin
(ACP) was dried in vacuum oven.
Characterization of celery pectin and its amides
Degree of esterification, degree of amidation and
anhydrouronic acid content were determined by titration methods
(Food Chemical Codex, 2004). Degree of acetylation was
determined by the hydroxamic acid reaction, using β-D-glucose
pentaacetate as a standard (McComb and McCready, 1957).
Protein content was analyzed by Bradford's method with bovine
serum albumin as a standard (Bradford, 1976).
FT-IR spectroscopy
FT-IR spectra of celery pectin and its amide derivatives were
recorded on a Nicolet FT-IR Avatar (Termo Science, USA)
spectrometer in KBr pellets in the range 4000–400 cm-1 at resolution
4 cm-1 with 132 scans. The pellets were prepared with 3 mg of the
sample in 100 mg of KBr. The absorption was reported in
wavenumbers (cm-1).

Emulsions
Model oil-in-water emulsions ware obtained by following
several steps. Amidated celery pectin was dissolved in hot doubledistilled water (40°C) with initial stirring until a transparent waterpectin aqueous phase was obtained. Commercially available
sunflower oil, which is not further processed, was used as the oil
phase (OP). Emulsification was performed on a laboratory
homogenizer POLYTRON ® Kinematica GmbH PT-G 45/80
(Switzerland) for 30 s at 523 s-1 and 20°C. Emulsion stability (ES),
index of oil stability (IOS) and index of water stability (IWS) were
determined in accordance with Tharp (1982).
Rheological measurements
The effective viscosity and shear stress of model oil-in-water
emulsions were measured at various shear rates via digital
Brookfield viscometer (RV-DV II+ Pro). Effective viscosity and shear
stress were calculated by specialized software Rheocalc 32, the
graphical correlation between shear stress and shear rate was
automatically drawn. The rheological model was selected after
approximation and evaluation of the correlation coefficient - the
highest value was chosen. By using the equation of the selected
rheological model the effective viscosity was calculated.

Results and discussion
Characteristic of celery pectin and its amides
Pectin was successfully extracted from AIS from celery tubers
using ammonium oxalate and ultrasound irradiation 45 kHz. The
obtained celery pectin was characterized as average methoxylated
ones and the results were summarized in Table 1. The yields
coincided with our previous studies (Petrova et al., 2014; Murdzheva
et al., 2016). The degree of acetylation (2%) of celery pectin was
higher than citrus pectin and lower than sugar beet pectin (Leroux et
al., 2004). Protein content not exceeded 2%. AUAC was relatively
high 69% and coincided with these of citrus pectin (Georgiev et al.,
2012). After amidation it was found that protein content, DAc and
AUAC remained unchanged, while DE decreased to 31%. The
degree of amidation was 16% which characterized celery pectin as
low-methoxylated amidated pectin.
The FT-IR spectra of celery pectin indicated broad bands at
3402 cm-1 that was due to the stretching vibrations of –OH groups.
The band at 2932 cm-1 was assigned to C–H stretching vibration of
CH2 groups. The bands at 1460 and 1377 cm-1 were due to –CH2
scissoring and –OH bending vibration, respectively. The signal at
1749 cm-1 was typical for C=O stretching vibration of methyl
esterified carbonyl groups and the band at 1630 cm−1 corresponded
to the absorption of the carboxylate anions. The band at 1017 cm-1
suggested –CH–O–CH– stretching. The band at 920 cm-1 was
assigned to ρ(CH3) methyl group in complex ester. The absorption at
888 cm-1 and 760 cm-1 were typical for α-D-Galp in 4C1 conformation.
In the FT-IR spectra of amidated celery pectin (ACP) typical

Table 1. Characteristics of celery pectin and its amide

Substance
Celery pectin
Celery amidated pectin

Yield, %

AUAC, %

DE, %

DAc, %

DA, %

Protein content, %

30
99

69
68

49
31

2
1

-*
16

2
2

AUAC - anhydrouronic content, DE - degree of esterification, DAc - degree of acetylation, DA – degree of amidation,
*- absence of amidation
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Tablе 2. Stability of model emulsions with amidated pectin

Amidated pectin, %

Separate phases, %
Oil

ES, %

IOS

IWS

Water
Emulsions with 30% OP

0.4
0.6
0.8
1.0

2.0
0.0
0.0
0.0

0.4
0.6
0.8
1.0

0.0
0.0
0.0
0.0

0.4
0.6
0.8
1.0

0.0
0.0
0.0
35.0

52.0
40.0
0.0
0.0

46.0
60.0
100.0
100.0

Emulsions with 40% OP
18.0
82.0
6.3
93.7
0.0
100.0
0.0
100.0
Emulsions with 50% OP
6.0
96.0
0.0
100.0
0.0
100.0
20.0
45.0

0.9
1.0
1.0
1.0

0.3
0.4
1.0
1.0

1.0
1.0
1.0
1.0

0.7
0.9
1.0
1.0

1.0
1.0
1.0
0.3

0.9
1.0
1.0
0.6

ES - emulsion stability, IOS - index of oil stability, IWS - index of water stability and OP – oil phase

bands for amide groups were observed. The bands at 3400 cm-1
typical for ν(OH) overlapped with stretching vibration for ν(NH) from
amide groups. In addition, the bands at 1650 cm-1 and 1681 cm-1 were
assigned to amide C=O stretching vibration. The bands around 1629
cm-1 belong to mixed mode δ(N-H) and ν(C-N) (N–C=O). Other
typical bands for pectin structure remained unchained after
amidation. Therefore, the FT-IR results confirmed appearance of
new amide group in celery pectin spectra. The data were in
accordance with some previous reports for amidation of pectin
(Mishra et al., 2008; Murdzheva et al., 2016).
Emulsion stability
This work revealed the possibility to design emulsion products
enriched in dietary fibers from celery. In the present study, the
emulsifying and stabilizing properties of ACP were investigated. In a
series of model emulsions with increasing concentration of the
amidated pectin (0.6, 0.8, 0.9% of aqueous phase) and different oil
phase (30, 40, 50% of total emulsion), the stability of the dispersion
systems was determined by the centrifugation method.
The results revealed (Тablе 2) that increasing concentration of
amidated celery pectin and oil phase improved emulsion stability. In
the 30% oil phase of model emulsions, the stability was improved by
24% with an increasing amidated pectin content of 0.4 to 0.6%. The
stability of the emulsions was further enhanced by increasing the
amount of oil phase. With an increase in the oily phase from 30% to
40%, thirty-six percent improvement in emulsion stability prepared
with 0.6% pectin was observed. All model emulsions with 0.8%
amidated celery pectin content were stable, regardless of the
amount of oil phase (ES=100%). However, in the current study it was
not possible to obtain long stable emulsions with 1% ACP in a 50%
oil phase, as well as in our previous reports for emulsions with 0.4%
celery pectin and 30% oil phase. Unlike non-amidated celery pectin
(Petrova et al., 2014) at 50% increasing oily phase it is not possible
to emulsify 1% of the amidated pectin. Other study also
demonstrated good emulsion stability (form 62.1–79.4%) of sugar
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beet pectin (0.5 %) with galacturonic acid content (60.2–77.8%) (Ma
et al., 2013). But obtained with only 0.4 % amidated pectin 50 %
emulsion showed the best emulsion stability (94 %) at this
concentration (Table 2). Therefore, amidation of celery pectin
resulted in improvement in the emulsifying and stabilizing properties
of pectin by reducing the concentration of pectin used to obtain
stable emulsions. In addition, it is known that the carbohydrate
moiety also stabilizes by steric and viscosity effects in the aqueous
phase (Leroux et al. 2003).
Rheology
Rheology describes the deformation of a fluids under the
influence of stress. Rheograms are used to describe rheological
properties for the fluids. They were constructed by plotting shear
stress (τ) as a function of the shear rate (Figure 1).
Effective viscosity is a rheological indicator that shows internal
friction and structural-dynamic equilibrium between system
components. The relationship between shear stress and shear rate
of the model emulsions at different concentration of amidated pectin
were shown (Figure 1).
The increased concentration of amideted pectin led to the
increasing effective viscosity and change in the rheological behavior
of the emulsion system. Experimental data revealed that all model
emulsions had non-Newtonian behavior - not linear relationship
between shear stress and shear rate (Figure 2). Higher values of
effective viscosity with increasing pectin concentration were due to
better dispersion of the oil and structuring of the aqueous phase.
The change in the effective viscosity values with increasing
shear rate allowed to determine the rheological behavior of the
system (Figure 3).
The viscosity decreased with increasing shear stress (pseudo
plasticity). Rheological behavior can be described by the
Herschel–Bulkley model (equation 1) of a non-Newtonian fluid
(Table 3). In this non-Newtonian character is more pronounced when
emulsions with a high ratio of oil phase and increases with increasing

1200

600

1000

Plastic viscosity, Pa.s

Shear Stress, Pa

700

500
400
300
200

600
400
200

100
0

0
50

55

60
Shear rate, s-1

1.0

65

0.8

70

50

0.6

55

60
Shear rate, s-1

1.0

Figure 1. Rheograms for 40% oil phase at different
concentration of amidated celery pectin (0.6; 0.8; 1%)
at 20°C

Effective viscosity, Pa.s

800

0.8

65

70
0.6

Figure 2. Dependence of the plastic viscosity on a
share rate for 40% oil phase at different concentration
of amidated pectin (0.6; 0.8; 1%) at 20°C
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Table 3. Rheological characteristics of model emulsions

1200

Model emulsion

τ0, Pa

K, Pa.sn

n

30 % OP v/v

1000
0.8% ACP
1.0% ACP

800
600
400

0.6% ACP
0.8% ACP
1.0% ACP

200
0
50

55
50% OP

60
Shear rate, s-1
40% OP

65

70
30% OP

Figure 3. Viscosity versus shear rate of oil-in-water
emulsions with 0.8% amidated celery pectin and
different oil phase (OP) concentrations

amount of pectic polysaccharides in them.
τ= τ0 + k.γn, Pa

(1)

where: τ – shear stress, Pa; τ0 – yield stress; Pa; k – consistency
index, Pa.sn;n – flow behaviour index; γ – shear rate, s-1.
When the value of n (flow behavior index) is close to 1 the
rheological behavior tends to pass from a shear thinning to a shear
thickening fluid. The fluid acts as a shear thickening fluid when n is
above 1 (Table 3).
The emulsifying properties of amidated celery pectin depended
on many factors, especially DE, DAc, DA and protein content.
According to Ngouemazong et al. (2015) the protein moiety, feruloyl,
and acetyl groups, play a major role in pectin emulsifying activities.
Even though, the acetyl groups are more common in the pectin
fraction which adheres the oil phase, their presence is not an
absolute requirement with respect to the emulsifying capacity
(Leroux et al., 2003). Protein (2% in our pectins) additionally acts as
the anchor for the oil droplets to stabilize emulsions (Funami et al.,
2011). Therefore, the better emulsifying properties of amidated

0.6% ACP
0.8% ACP

4.34
9.68

99.9
192.0

40 % OP v/v
4.34
117
8.57
111.2
450
40.7
50 % OP v/v
0.77
70.49
48.5
197

1.05
1.06
1.01
1.11
1.4
0.46
1.04

ACP – amidated celety pectin, OP – oil phase, τ0 – yield
stress, k – consistency index, n – flow behaviour index

celery pectin could be explained with the presence of many
functional groups and small protein content in polymer. They can
interact with oil and water phase in emulsion system. Additional
hydrophobic interaction could stabilize the obtained emulsions. Not
at last, the type of oil phase strongly affects the stability of the
prepared emulsions (Ngouemazong et al., 2015).

Conclusion
The current study demonstrated the potential application of
amidated celery pectin for preparation of emulsions enriched in
dietary fibers with potential healthy effect. Incorporation of modified
celery pectin improved emulsion stability. Moreover, the presence of
modified dietary fibers in emulsion systems instead of traditional
emulsifiers allowed preparation of low-calorie product with 30%
sunflower oils. The replacement of natural emulsifiers containing
saturated fatty acids (lecithin and glycerol monostearate) with
modified natural dietary fiber (amidated celery pectin) was expected
to have a potential beneficial health effect on the cardiovascular and
249

gastrointestinal system. Experimental data revealed that all model
emulsions have non-Newtonian behavior - not linear relationship
between shear stress and shear rate. Rheological properties of oilin-water emulsions prepared with amidated celery pectin
demonstrated the potential of application of this polysaccharide not
only in mayonnaise but in other food emulsion products (dressings,
salad dressings, etc.).
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