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VALIDATION OF METHOD FOR DETERMINING THE ISOELECTRIC POINT OF PROTEIN SOLUTIONS 
ABSTRACT. This paper presents the validation of a method for determining the isoelectric point of collagen hydrolysates used to obtain 
biomaterials for medical use produced in the Collagen Department of INCDTP – Division ICPI. The advantage of the presented method is that 
it is easy to apply, as the Zeta potential is the key parameter controlling electrostatic interactions in particle dispersions. The technique used 
to measure particle movement velocity in the Malvern Zetasizer Nano instrument series is Laser Doppler Velocimetry (LDV). It is an accepted 
method for measuring electrophoretic mobility of particles in the solution and by calculating the Zeta potential of protein solutions through 
extrapolation, the isoelectric point of the protein solution is determined.
KEY WORDS: biomaterials, collagen, isoelectric point, method validation

VALIDAREA METODEI PENTRU DETERMINAREA PUNCTULUI IZOELECTRIC LA SOLUŢIILE PROTEICE
REZUMAT. Lucrarea prezintă validarea unei metode de determinare a punctului izoelectric al hidrolizatelor de colagen folosite la obţinerea 
de biomateriale pentru uz medical produse în Departamentul Colagen al INCDTP – Sucursala ICPI. Metoda prezentată are avantajul că este 
uşor de aplicat, potenţialul Zeta fiind parametrul cheie care controlează interacţiunile electrostatice în dispersiile particulelor. Tehnica utilizată 
pentru măsurarea vitezei de deplasare a particulelor în seria de instrumente Malvern Zetasizer Nano este Laser Doppler Velocimetry (LDV). 
Este o metodă acceptată pentru măsurarea mobilităţii electroforetice a particulelor în soluţie şi din calcularea potenţialului Zeta al soluţiilor 
proteice prin extrapolare se determină punctul izoelectric al soluţiei proteice.
CUVINTE CHEIE: biomateriale, colagen, punct izoelectric, validare metodă

VALIDATION DE LA MÉTHODE POUR DÉTERMINER LE POINT ISOÉLECTRIQUE DE SOLUTIONS PROTÉIQUES
RÉSUMÉ. L’article présente la validation d’ une méthode de détermination du point isoélectrique des hydrolysats de collagène utilisés pour 
l’obtention de biomatériaux à usage médical produits dans le Département Collagène d’INCDTP - ICPI. La méthode présentée a l’avantage 
d’être facile à appliquer, le potentiel Zêta étant le paramètre clé qui contrôle les interactions électrostatiques dans les dispersions de particules. 
La technique utilisée pour mesurer la vitesse du mouvement des particules dans la série Malvern Zetasizer Nano est la vélocimétrie laser 
Doppler (LDV). C’est une méthode acceptée pour mesurer la mobilité électrophorétique des particules dans la solution et en calculant le 
potentiel Zêta des solutions protéiques par extrapolation, on détermine le point isoélectrique de la solution protéique.
MOTS CLÉS: biomatériaux, collagène, point isoélectrique, validation de la méthode
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INTRODUCTION
The quality of products for medical use is 

a particularly complex concept as they embed 
physical-chemical, biochemical, microbiological 
and toxicological characteristics with profound 
implications on life and are an essential factor 
for metabolic processes and for the balance of 
the body.

Proteins are the most versatile 
macromolecules in living systems and have 
crucial functions in all biological processes [1]. 
They function as catalysts, carry and store other 
molecules such as oxygen, provide mechanical 
support and immunity, generate movement, 
send nervous impulses, control the growth and 
differentiation of organisms. Proteins are linear 
polymers made up of monomer units, called 
amino acids, their functions being defined by 
the sequence of amino acids from the protein 
polymer and its three-dimensional structure. 
Proteins are thus the embodiment of the 
transition from the three-dimensional world of 
molecules capable of various activities.

Proteins contain a wide range of functional 
groups, and when they are combined in different 
sequences, this range of functional groups is the 
wide spectrum of the protein function.

Collagen has a distinct composition 
compared to other proteins, as it is rich in 
glycine, proline and hydroxyproline, and does 
not contain cystine and tryptophan. As a result of 
prolonged heating in water, collagen undergoes 
partial hydrolysis, which occurs with structural 
changes, due to the breaking of inter-chain 
bonds, transforming into collagen hydrolysate.

The tertiary structure of collagen represents 
an advanced degree of spatial organization. It is 
the result of interactions between the R residues 
of amino acids in the polypeptide chains, which 
can establish different types of intramolecular 
bonds such as: hydrogen bonds, ionic bonds, 
covalent bonds, van der Waals forces, dipole-
dipole interactions.

As with amino acids [2], due to the presence 
of functional groups ionized in protein molecules, 
they are characterized by well-defined values of 
their isoelectric point [3] (or isoelectric pH - pI or 
pHi) that is defined as that pH value at which the 
global electrical charge of the molecule is null. 
This physical-chemical parameter presents a 
practical importance, underlying electrophoretic 

methods [4] of separation and determination 
of different protein fractions in biological 
fluids. The isoelectric points [5] of the proteins 
oscillate between very large limits (2-12.5) 
depending on the number of acidic or alkaline 
groups that predominate on the surface of the 
macromolecule and do not depend on their 
molecular mass.

Due to their amphoteric character, proteins 
can neutralize small amounts of acidic or alkaline 
substance, thus having the role of buffer, thereby 
helping to maintain the acid-alkaline balance of 
the body. In general, the amphoteric character 
is imprinted by the free -NH2 and -COOH groups 
which are not involved in the peptide bonds. If 
there are several dicarboxylic amino acids in the 
protein molecule, then the molecule will behave 
like a weak acid, and those where diamine amino 
acids predominate behave like weak alkalis. 
Although there is an equal number of amino and 
carboxyl groups in a molecule, and theoretically 
the molecule should be neutral, in fact, due to 
the much higher degree of ionization of the 
carboxyl group compared to the amino group, 
the protein molecule will have a weak acid 
character, comprising, in its solution, protein 
amphoteric ions, protein anions and protons (H+)
[6].

By acidification, the equilibrium of the 
reaction moves towards the formation of protein 
cations. At a certain concentration of hydrogen 
ions, the protein becomes electrically neutral 
since the amine and carboxyl groups are equally 
dissociated. At that time, amphoteric ions, 
-H+ hydrogen protons,–HO- hydroxyl ions will 
be found in the solution. The pH at which the 
solution of a protein contains anions and cations 
in equal proportion is called isoelectric point, 
being a very important protein constant.

Each protein at the isoelectric point has 
a specific behavior, having solubility, chemical 
reactivity, viscosity, osmotic pressure and 
hydration of the minimum colloidal particles. The 
precipitation of the protein at the isoelectric point 
is maximum however, and under the influence 
of the electric current there is no displacement, 
which makes it possible to be determined by 
electrophoretic and potentiometric methods.

A study has been conducted on the 
methods of analysis used to determine the 
isoelectric pH of the solutions in order to 
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develop a method of analysis for the qualitative 
assessment of protein solutions for obtaining 
collagen-based materials for medical use. 

The first definitions of the isoelectric point 
and the first preoccupations for the development 
of the methods for its identification were 
conceptualized from the beginning of the 20th 
century, by W.B. Hardy (1899-1900), Leonor 
Michaelis (1922), and Søren Peder Lauritz 
Sørensen, K. Linderstrom-Lang and Lund [6, 7]. 

In the case of gelatin, the isoelectric point 
was first determined by Leonor Michaelis and W. 
Grineff [8], who determined it at a concentration 
of hydrogen ions [H+] comprised between 1.6 
X10-5 and 3.5 × 10-5, the average being 2.5 × 10-5, 
and the corresponding pH of 4.80, 4.46 and 4.60. 

Most of the subsequent determinations 
for gelatin were based on cataphoresis 
measurements, and the isoelectric point was 
not exactly localized. Thus, Jacques Loeb [1] 
interpreted his observations on the variation of 
the physical and chemical properties of gelatin, 
indicating an isoelectric point at pH 4.7. 

Kraemer and Dexter [9] showed that 
previous observations were inconsistent and 
determined the isoelectric point at pH 5.0, 
which they located for calf skin gelatins as the 
pH at which the light dispersion is the maximum 
(Tyndall effect). They showed, however, that the 
resulting numbers depend very much on the 
origin of the skin and on the method of preparing 
the gelatin.

In order to avoid discrepancies due to 
the differences between gelatins, the Leather 
and Gelatin Division of the American Chemical 
Society presented an isoelectric point study on 
samples prepared as specified by a committee 
[10, 11]. The study showed that the method 
of obtaining and purifying gelatin [12] is very 
important. 

The isoelectric point of such gelatin was 
reported by Sheppard and Houck [13] at pH 
4.9±0.10 by electrical field migration and at pH 
4.9±0.05 by both Tyndall effect assessment, and 
by precipitation with alcohol. 

Consequently, it has been found useful 
to investigate the standard gelatin behavior 
with respect to the turbidity of standard gelatin 
solutions in a pH range of 4 to 6 with acetate 
buffer. In each case, the turbidity was maximal 
towards the middle of the series, so that from 

these observations the pH of maximum turbidity 
was set at 4.85±0.03.

By definition, the most direct way to 
determine the isoelectric point is to determine 
the pH for zero migration in an electric field.

Migration was carried out in various types 
of cells by confirming Smoluchowski’s theory. 

Zeta potential is the key parameter that 
controls electrostatic interactions in particle 
dispersions and as such is an important factor 
in understanding the stability of colloidal 
dispersions [14]. It can be used to optimize 
suspension and emulsion formulations and to 
help establish their long-term stability.

The potential that occurs at relative 
movement of phases in contact is called 
electrokinetic potential (ξ).

At the passage of the electric current 
through the emulsion, the opposing sign mobile 
ions from the diffuse layer are directed towards 
the respective electrodes. The electrokinetic 
potential, ξ, that appears was calculated 
according to the Helmholtz-Smoluchowski 
relationship [15]:

        (1)

where: u is the velocity of particles; η – 
medium viscosity; ε – electrical permittivity; 
ε0 – vacuum permittivity (8.85x10-2 F/m); H 
– potential gradient

Electrophoresis study enabled 
determination of particle charge in the 
emulsion and assessment of electrokinetic 
potential value, ξ.

The most important factor affecting the 
Zeta potential is the pH. Therefore, a graphical 
representation of the Zeta potential [16, 17], 
depending on the pH will be positive at low 
pH and negative at high pH. The point where 
the graph goes through zero is the Zeta 
potential. This point is called the isoelectric 
point [18] and is very important for practical 
reasons. It is normally the point where the 
colloidal system is the least stable.

As a result of the literature study on 
ways to determine the isoelectric point 
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of proteins, it was chosen to measure 
electrophoretic mobility. The method is 
based on the determination of the Zeta 
potential, of the electrical conductivity 
depending on the pH variation of some 
protein solutions [19].

EXPERIMENTAL

Method Principle
Protein molecules have an amphoteric 

character. Depending on the concentration 
of H+ ions in the solution, the molecule 
is positively or negatively charged. The 
concentration of hydrogen ions at which 
the protein molecule has an equal number 
of positive and negative charges is called 
an isoelectric point. In most cases, the 
dissociation constant of the protein as an 
acid exceeds the dissociation constant of 
the same protein as an alkali. A particle 
in aqueous solution is usually negatively 
charged.

By gradually acidifying such a solution, 
the degree of dissociation of the protein [20, 
21], as alkali increases (the neutralization of 

OH- ions). In this way an equal concentration 
of positive and negative ions can be achieved. 
At the isoelectric point [22], the colloidal 
particles become electrically neutral; being 
less stable, the protein solution precipitates 
very easily.

The concentration of hydrogen ions at 
which the isoelectric point is achieved [23] is 
a protein-specific value that varies between 
the pH range of 4.1 to 6.7.

Equipment and Reagents
	Zetasizer Nano ZS from MALVERN
	ORION STAR A 211 pH-meter from 

THERMO SCIENTIFIC
	0.1 N sodium acetate
	0.1 N acetic acid solution 
	1% protein solution
	90% methyl alcohol

Work Method
In order to calculate the isoelectric 

point [24], 0.1 N sodium acetate, 0.1 N 
acetic acid solution, and 1% protein solution 
are added to 6 test tubes, according to 
proportions given in Table 1.

Added reagents (ml)
Test tube number

1 2 3 4 5 6
0.1N sodium acetate 2 2 2 2 2 1,2

0.1N acetic acid 0,25 0,5 1 2 4 4,8

Distilled water 3,75 3,5 3 2 - -

1% protein solution 2 2 2 2 2 2

Table 1: Proportions of solutions required to measure the isoelectric point 

The pH of protein solutions is measured 
using the pH-meter before and after adding 
the protein solution in order to see the 
variation it causes, if applicable, then the 
electrophoretic mobility is measured using 
the Zetasizer Nano.

pH variation is plotted depending on 
Zeta potential and extrapolated to obtain 
the isoelectric point at 0 potential.

Methyl alcohol is added to the test 
tubes to highlight the isoelectric point by 
means of turbidity.

RESULTS AND DISCUSSIONS
pH measurements of protein solutions 

were determined using ORION STAR A 
211 pH-meter from THERMO SCIENTIFIC 
presented in Figure 1.  
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Figure 1. ORION STAR A 211 pH-meter

Electrophoretic mobility was 
highlighted through the variation of Zeta 
potential and electrical conductivity with the 
Zetasizer Nano ZS from MALVERN, presented 
in Figure 2.

Figure 2. Zetasizer Nano ZS

The essence of a classic micro-
electrophoresis system is an electrode cell 
at each end to which a potential is applied. 
The particles move to the opposite charge 
electrode, their velocity being measured and 
expressed as unit of the field, as mobility.

Figure 3. Micro-electrophoresis cell 

The technique used to measure the 
particle movement velocity in the Malvern 
Zetasizer Nano series is Laser Doppler 
Velocimetry (LDV).

For all measurements, a 40 V field was 
applied over a 10 mm electrode spacing at 
25°C. Three repeated measurements were 
performed on each sample to verify the 
repeatability of the results. All measured 
electrophoretic mobilities were converted 
into Zeta potential using the Smoluchowski 
formula.

Electrophoresis study enabled 
determination of particle charge in the 
emulsion and assessment of electrokinetic 
potential value, ξ.
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Figure 4. Zetasizer Nano ZS operation flowchart

When an electric field is applied to 
the cell (2), all the particles moving through 
the measurement volume will cause light 
intensity fluctuations detected with a 
frequency proportional to the particle speed.

A detector (3) sends this information 
to a digital signal processor (4). This 
information is then transmitted to a 
computer (5) in which the Zetasizer Nano 
software produces a frequency spectrum 
from which the electrophoretic mobility is 
calculated, and hence the Zeta potential.

An “attenuator” (6) is used to reduce 
the intensity of the laser and hence to reduce 
the intensity of the dispersion.

Resulting data are plotted to calculate 
the isoelectric point by extrapolation. 

In the resulting solutions, the 
isoelectric point is also highlighted by 
adding methyl alcohol in the test tubes and 
noticing turbidity that indicates aggregation 
of molecules, with maximum coagulation at 
the isoelectric point. 

Alcohol and some organic solvents fix 
(extract) water that hydrates the protein 
molecule; water-free micelles flocculate. 
About 8-10 ml alcohol are usually necessary. 

After adding the alcohol, the test tube 
content is stirred. Test tubes are left to rest 
for 30 minutes and the test tube with the 
highest amount of precipitate is marked. 

The corresponding pH value is the isoelectric 
pH of gelatin [17] that must comply with the 
one found in literature, of 4.7.

An acetic buffer, acetic acid (CH3COOH) 
and sodium acetate (CH3COONa) mixture, 
was used to determine the isoelectric point.

As the acetic acid dissociation in 
the presence of the strong CH3COONa 
electrolyte, which has a joint anion with 
the acid, is almost completely suppressed, 
the equilibrium concentration of the non-
dissociated molecules [CH3COOH] can be 
taken as the initial acid concentration.

Data Analysis
Statistical calculations were performed 

in Excel 2010, also used to calculate 
isoelectric points, standard deviation, 
bias, repeatability, reproducibility, method 
reliability and accuracy. All statistical tests 
were conducted at a confidence level of 95% 
and k=2.

Validation of Method
Validation of an analytical method 

is the process by which it is established by 
laboratory studies if that method meets the 
conditions for the analytical applications for 
which it was developed.

Validation is therefore an important 
step in determining the repeatability, 
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reproducibility, and reliability of the method 
as it can confirm whether the method is 
suitable for use for a particular system.

To validate the method, six series of 
standard gelatin solutions were prepared, 
namely gelatin solution from MERCK 
Millipore of the same concentration, and the 
following were calculated:

	Standard deviation;
	Bias;
	Repeatability;
	Reproducibility;
	Reliability;
	Accuracy.

Table 2: Composition of tested solutions from each series 

Added reagents (ml)
Test tube number

1 2 3 4 5 6

0.1N sodium acetate 2 2 2 2 2 1.2

0.1N acetic acid 0.25 0.5 1 2 4 4.8

Distilled water 3.75 3.5 3 2 - -

Resulting pH 5.525 5.229 4.915 4.593 4.271 3.951

1% gelatin solution 2 2 2 2 2 2

Resulting pH after adding gelatin solution 5.528 5.227 4.917 4.589 4.275 3.955

Appearance Clear 
solution

Clear 
solution

Clear 
solution

Clear 
solution

Clear 
solution

Clear 
solution

Using the pH meter, the pH values were 
read before and after the addition of the 
protein solution. pH variations range from 
0.003 to 0.004 pH units, are insignificant, 
demonstrating stability in the buffer 
solutions used.

Samples were introduced into the 
ZETASIZER cell to measure electrophoretic 
mobility, namely Zeta potential, electrical 

conductivity and then the results were 
extrapolated to determine the isoelectric 
point.

The results and graphic representation 
for the isoelectric point determination of the 
6 series of gelatin solutions are presented in 
Tables 3-8.

Table 3: Determination of isoelectric point - Gelatin 1

1% gelatin solution in water (powder gelatin)

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

1 3.968 4.61

4.683

2 4.270 2.29
3 4.560 0.43
4 4.892 -0.73
5 5.194 -3.44

6 5.484 -4.85
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Table 4: Determination of isoelectric point - Gelatin 2

1% gelatin solution in water (powder gelatin)

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

1 3.970 4.55

4.678

2 4.272 2.19
3 4.562 0.45
4 4.893 -0.83
5 5.197 -3.69

6 5.486 -4.35

Table 5: Determination of isoelectric point - Gelatin 3

1% gelatin solution in water (powder gelatin)

No pH Zeta potential 
(mV)

Isoelectric
point (pHi)

1 3.965 4.48

4.699

2 4.268 2.23
3 4.559 0.82
4 4.890 -1.12
5 5.193 -3.71

6 5.484 -4.38

Table 6: Determination of isoelectric point - Gelatin 4

1% gelatin solution in water (powder gelatin)

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

-5

-4

-3

-2

-1

0

1

2

3

4

5

3.966 4.269 4.565 4.890 5.198 5.486

Unitati pH

P
ot

en
tia

l Z
et

a 
(m

V
)1 3.966 4.5

4.692

2 4.269 2.27
3 4.565 0.71
4 4.890 -1.11
5 5.198 -3.68

6
5.486 -4.45
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Table 7: Determination of isoelectric point - Gelatin 5

1% gelatin solution in water (powder gelatin)

No pH
Zeta 

potential 
(mV)

Isoelectric
point (pHi)

1 3.968 4.55

4.693

2 4.271 2.31
3 4.562 0.82
4 4.893 -1.25
5 5.195 -3.67

6 5.487 -4.54

Table 8: Determination of isoelectric point - Gelatin 6

1% gelatin solution in water (powder gelatin)

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

1 3.966 4.51

4.703

2 4.269 2.32
3 4.565 0.75
4 4.890 -1.01
5 5.198 -3.69

6 5.486 -4.58

Method Performance Parameters
The accuracy of the method represents the 

closeness between the real value and the value 
found in the analyzed sample, and is calculated 
using the formula below:

 Accuracy % = 
µ
mediuX

100  (2)

where:
Xmean = mean of 6 determinations 

μ = real value of the reference material 

Bias % = 
µ

µ−mediuX
 100  (3)

Confidence interval - the interval where 

measured values fall: xstx ⋅±  where -t – factor 

Student (for n-1 degrees of freedom and 
confidence level of 95%).

Table 9: Accuracy
  1 2 3 4 5 6 

pHi 4.683 4,678 4.699 4.691 4.693 4.703

Theoretic 4.7

mean 4.6912 pH units

Accuracy 99.8121 %

Bias -0.1879 %
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Reliability represents the degree 
of approximation between the results 
of independent tests obtained under 

established conditions and is expressed by 
the coefficient of variation, CV, for a repeated 
analysis which is calculated with the formula:

CV (RSD) % = (s / Xmean)100      (4)         s = standard deviation.

Table 10: Reliability
  1 2 3 4 5 6

pHi 4.683 4.678 4.699 4.691 4.693 4.703

Theoretic 4.7

mean 4.6912 pH units

Standard deviation 0.0094 pH units

CV (RSD) 0.2011 %

Repeatability is a measure of the 
degree of scattering within a confidence 
interval of the results obtained from the 

measurement performed by the same 
analyst under the same working conditions.

Table 11: Repeatability

  1 2 3 4 5 6

pHi 4.683 4.678 4.699 4.691 4.693 4.703

Theoretic 4.7

mean 4.6912 pH units

Standard deviation 0.0094 pH units

r 0.0264 pH units

RSDr 0.0020 %

Analyses of Protein Solutions
Four samples of atomized HO8 

hydrolysate, and gelatin capsules used 
for packaging medical use products, were 

studied and characterized physically and 
chemically. The results are presented in 
Table 12.

Table 12: Characterization of collagen products for medical use
                                 Characteristics

Product

Dry substance, % Ash*, % Total nitrogen* % Appearance

COLLAGEN HYDROLYSATE HO8-1 95,64 0,45 17,70 Light yellow powder

COLLAGEN HYDROLYSATE HO8-2 96,24 0,36 17,52 Light yellow powder

COLLAGEN HYDROLYSATE HO8-3 97,02 0,24 17,63 Light yellow powder

COLLAGEN HYDROLYSATE HO8-4 95,91 0,41 17,56 Light yellow powder

Gelatin capsules 97,87 none 17,81 Translucent capsule

Samples, from which 1% collagen 
hydrolysate solutions in water were made, 
were distributed in 6 test tubes with 

the proportions in Table 3. Results were 
presented in Tables 13-17.
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Table 13: Determination of isoelectric point – Hydrolysate H08-1

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

1 3.947 1.02

4.555

2 4.242 0.87
3 4.562 -0.02
4 4.876 -1.03
5 5.192 -1.68

6 5.495 -3.15

Table 14: Determination of isoelectric point – Hydrolysate H08-2

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

1 3.917 3.7

4.697

2 4.216 2.94
3 4.517 1.03
4 4.817 -0.689
5 5.088 -1.96

6 5.310 -2.35

Table 15: Determination of isoelectric point – Hydrolysate H08-3

No pH Zeta potential 
(mV)

Isoelectric  point 
(pHi)

1 3.950 1.02

4.631

2 4.239 0.67

3 4.559 0.252

4 4.890 -0.91

5 5.212 -2.68

6 5.305 -3.55

Table 16: Determination of isoelectric point – Hydrolysate H08-4

No pH
Zeta 

potential 
(mV)

Isoelectric
point (pHi)

1 3.917 3.7

4.684

2 4.216 2.94
3 4.517 1.53
4 4.817 -1.21
5 5.088 -2.36

6 5.310 -3.35
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Table 17: Determination of isoelectric point – Gelatin capsules

1% gelatin solution in water (gelatin capsules)

No pH Zeta potential 
(mV)

Isoelectric
point (pHi)

1 3.960 10.2

4.778

2 4.253 5.08

3 4.567 2.86

4 4.853 -1.01

5 5.204 -2.38

6 5.514 -2.94

The isoelectric points determined for 
soluble collagen hydrolysates and gelatin 
capsules are reproducible and in accordance 
with theoretical data in the literature.

CONCLUSIONS

The analytical method to determine 
the isoelectric point of protein solutions was 
performed based on electrophoretic mobility 
of solutions by determining Zeta potential 
depending on pH.

The technique used to measure 
electrophoretic mobility in the Malvern Zetasizer 
Nano Series is the Laser Doppler Velocimetry 
(LDV).

For all measurements, a 40 V field was 
applied over a 10 mm electrode spacing at 25°C.

Three repeated measurements were 
performed on each sample to verify repeatability 
of the results.

All measured electrophoretic mobilities 
were transformed into Zeta potential using the 
Smoluchowski formula.

The method has been checked to 
ensure reproducibility and is supported by 
determinations on samples of soluble proteins, 
namely HO8 collagen hydrolysates and gelatin 
capsules, from the Collagen Department of ICPI.

Statistical calculations were performed in 
Excel 2010, used both to calculate the isoelectric 
points, standard deviation, bias, repeatability, 

reproducibility, fidelity and accuracy of the 
method. All statistical tests were performed at a 
confidence level of 95% and k=2.

From the calculation of the performance 
parameters of the studied method, the following 
is noted:

•	 The accuracy of the method is 99.8121% 
and represents the closeness between 
the real value and the value found 
in the analyzed sample, based on an 
established criterion of 99±2%;

•	 The calculated standard deviation is 
0.0094 pH units;

•	 The reliability of the method is 0.2011%, 
representing the degree of closeness 
between the results;

•	 The repeatability is equal to 0.026% and 
is a measure of the degree of scattering 
of the results, within a confidence 
interval;

•	 The isoelectric point determined by this 
method is in the range of 4.6912±0.001 
pH units, as compared to 4.7 as specified 
in the literature;

•	 The performance parameters comply 
with acceptability criteria, the method 
is appropriate for the proposed purpose 
and as a result it was validated.
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