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Abstract. A very simple experimental setup for a Dynamic Light 

Scattering measurement was used to measure the average size of the milk 

proteins in aqueous suspensions at 20 oC. The PH of the suspensions was 

adjusted using Calcium lactate, in its most common form of pentahydrate 

C6H10CaO6•5H2O. The mean size variation of the suspended particles in 

time has been monitored and reveals a fast increase over a time interval of 

less than ten of seconds.   

1 Introduction  

Bovine milk (milk hereafter), contains fat globules with a diameter of about 2 μm, casein 

micelles of about 0.2 μm, whey proteins of 0.006 μm, and many other small molecules 

having the diameter less than 0.002 μm [1]. Milk proteins constitute approximately 3.0%–

3.5% of bovine milk. About 80% of bovine milk protein is called casein, while the rest are 

named whey protein [2]. 

The medical drug industry and traditional industrial food industry use the self-assembly 

processes under different physical conditions, as temperature and pressure and chemical 

conditions as pH. For this reason, studying the dynamics of the milk protein size influence 

of the pH might be of interest. As the aggregation or denaturation can undergo quite fast, it 

is of interest to use an optical method, especially one that can be used in situ, without 

removing the sample from the protein aggregation reaction vessel and without using 

reagents that can modify the pH of the solution.  

When a light beam is incident on a fluid containing suspended particles, each particle 

scatters light and therefore becomes a secondary light. The particles act like scattering 

centers (SC). If the incident light beam is coherent, the scattered waves will interfere in the 

far field. The consequence of the complex motion of the SCs is the dynamic character of 

the far interference field, which appears as “boiling speckles”. Several articles report on the 

variation of several parameters, as the average intensity, speckle size and speckle contrast, 

with the size  and the concentration of the SCs, references [3 - 5] being some of them, but 

they are not optimal for particle sizing in dynamic processes where both the number of SCs 
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and the SCs diameter can change in time [5]. The physical method that uses the dependence 

between the speckle dynamics and the Brownian motion is called Photon Correlation 

Spectroscopy (PCS) or Dynamic Light Scattering (DLS) and the theoretical basis of the 

method is explained in many works, [6 - 10] being just some of them. The next sections 

present the procedure used in preparing the milk suspension, a brief description of the DLS 

experimental setup and of the DLS time series processing to obtain the average aggregates 

diameter. Another section will present the results and a discussion on them, followed by a 

concluding section. 

2 Materials and methods  

2.1 Sample preparation 

Bovine skimmed milk, 1.5% fat was used. In order to perform a light scattering experiment, 

the suspension has to be transparent, therefore using milk as it is will not enable recording a 

time series, as it will be detailed in the next subsection. 

For each sample, 0.05 ml of milk were diluted in 3.45 ml of deionized water, introduced 

in a circular glass tube and placed in the DLS sample holder.  

In order to modify the pH of the suspension 0.4620g of Calcium lactate, in its most 

common form of pentahydrate, C6H10CaO6•5H2O, were dissolved in 40 ml of deionized 

water. A quantity of 0.5 ml of Calcium lactate solution was aspired into a 1 ml syringe. 

DLS time series recording was initiated and after the first time series recording was 

completed, the solution was injected fast into the glass tube containing the milk suspension. 

The pH of this sample, measured after the DLS experiment was completed, was 7.0.  

2.2 DLS procedure 

The DLS technique has been developed for a long time [6 – 10], and is quite well 

established, therefore the theory behind it is not repeated here, but the experimental setup 

and the main steps in assessing the average particle size using DLS are presented briefly in 

the following paragraphs. 

The experimental setup is presented in Fig. 1 and consists of a laser source, which was a 

Laser diode, 15 mW, with the wavelength of 633 nm, working in continuous regime, a 

circular glass tube for the liquid sample, a detector, a preamplifier with a linear response in 

the audio frequency range 20 – 20000 Hz, a PC for recording and later on processing the 

time series. 

              
Fig. 1. The DLS experimental setup 
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The scattering angle was chosen to be 90
o
, which is typical for DLS experiments [6], 

[7], [9], [11-13]. The data acquisition rate was 16 KHz, which was sufficient for the 

particles range covered in this work. 

 The data acquisition system (DAS) produces a sequence of values recorded at equal 

time intervals Δt, as in Eq. (1), succession called a time series: 

                            ( )  (  )  (   )      (   )                                        (1) 

If the suspended particles are considered to be monodispersed, the autocorrelation of the 

time series (ACR hereafter) has a simplified form [6], [11-13], [14]:  

                                   ( )       
                                               (2) 

Where: 

  
   

 
   (

 

 
)                                        (3) 

In (3) n is the refractive index of the carrier fluid, λ is the wavelength of the laser 

incident light and θ is the scattering angle, which was chosen to be 90
o
 for this work, 

typical for DLS measurements in liquid suspensions. 

The ACR can be further on normalized in two small steps. Firstly, constant B is 

subtracted, which makes ACR to be zero-based. Secondly, an experimental adjustment is 

made in such a manner that the detector will cover a single speckle, as described in detail in 

[11-13] and [14], making the spatial coherence factor, included in A for this particular case, 

to be equal to 1. After normalization, the ACR has a simple form depending on a single 

parameter, which is D: 

                   ( )      
                                                        (4) 

The diffusion coefficient D is related to Boltzmann`s constant, kB, which is related to η, 

the dynamic viscosity coefficient of the solvent, T the absolute temperature of the sample 

and d the hydrodynamic diameter of the particle, as described by Einstein-Stokes relation 

[15]: 

                            
   

    
                                                            (5) 

A plot of the ACR of a time series is illustrated in Fig. 2. 

 

Fig. 2. The ACR of a time series 
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Examining figure 2 we notice that the ACR exhibits a fast decrease with several small 

peaks, which are produced by the noise in the time series, as it is not filtered. The ACR 

does not exhibit plateaus, therefore the assumption of having relatively mono-dispersed 

particles in suspension is correct.   

A Matlab code was written and used to record the DLS time series [11-13]. The time 

length of the time series and the delay between consecutive recordings are adjustable 

parameters. Several sets of time series were recorded with a small delay and some with a 

bigger delay. Each time series was processed by computing the normalized ACR and by 

fitting a function described by Eq. (4) with D substituted from (5) in it to the ACR, using a 

nonlinear least squares minimization procedure. The output was the average diameter d for 

each time series.  

3 Results and discussions 

Following the preparation steps described in subsection 2.1, the samples were placed in the 

circular glass tube after dilution. The DLS time series recording was initiated and the 

solution was injected fast right after the first recording was completed. The average 

diameters for each time series and are plotted versus time t, elapsed from the beginning of 

the first recording presented in Fig. 3. The pH of the solution was 7. 

 

Fig. 3. The variation of the average protein aggregates diameters in time 

The pH of bovine milk is typically between 6.5 and 6.7, having 6.6 the usual value [14 - 

16]. Examining Fig. 3 we notice, from this short time (2 minutes) experiment, that a slightly 

lower pH will cause an increase in the average diameter. We also notice that the small 

variation of the diameter with the change of the pH is quite fast, within the first 9 seconds 

after the pH change was produced, and we notice this feature from the plot in Fig. 3, where 

the diameters at t=9s are already shifted from the initial values, at t=0, which were around 

110 nm, considering the errors in determining them using DLS time series processing. 

The results of this study are in very good agreement with other studies carried on to 

investigate the variation of the particles in milk as a result of the change of the pH and [17] 
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is just one of them. A small increase in the milk pH produced an increase in the size of the 

particles, which proved to be casein micelles [26], and this result is in full agreement with 

the results reported in this work. In [26] a commercially available zeta sizer was used, 

therefore the dynamics of the size variation could not be investigated.  

The method presented in this work, with the DLS device made from custom parts and 

the software written to fulfill this purpose, has been used to investigate not only the size 

change but the dynamic of the size variation, as well. The novelty presented in this work 

lays in measuring the time required for size changing, and the time was of the order of 7-9 

seconds since the change was induced. 

4 Conclusion 

A simplified, but very flexible procedure of DLS that can be used for assessing the average 

particle diameter of the particles in suspensions has been described in this work. It proved 

to be robust and totally reproducible, as having a single free parameter during the least 

squares fit and was used in particle size monitoring. The samples can be prepared directly 

in the DLS glass tube. The variation of the average bovine milk proteins in aqueous 

suspensions with the increase in the pH was investigated during a short time experiment. 

The experiments revealed that a small increase of the pH increases the average particles 

diameter and that this increase occurs in a matter of seconds since inducing the pH 

changing. 
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