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Abstract: To model the optical properties of Intralipid 20%, the particle size distribution and concentration 

were measured over a diameter range of 40 to 2,000 nm. These data, combined with traceable refractive index 

measurements of soybean oil, were used to calculate the scattering coefficient within the independent, single 

scattering regime. 

Introduction 

To investigate light–tissue interactions and calibrate optical systems, researchers commonly use well-characterized tissue-

mimicking phantoms. Among these, Intralipid is widely used due to its scattering properties, which closely resemble those of 

biological tissues. Intralipid is a water-based emulsion containing soybean oil droplets encapsulated in a phospholipid 

monolayer. The scattering and absorption properties of Intralipid are partly influenced by its particle size distribution (PSD) 

and concentration. The PSD of Intralipid has mainly be measured using transmission electron microscopy  and, dynamic light 

scattering [1,2]. However, these methods often suffer from limited statistical power or biases toward larger particles when 

applied to polydisperse samples [3]. This study aims to accurately measure the PSD and particle concentration of Intralipid 

20% using high-throughput techniques. . For the first time, we measured the PSD of Intralipid from 50 nm to 2,000 nm, which 

is within a concentration range spanning 4 orders of magnitude. Additionally, the refractive index of soybean oil, a crucial 

parameter for modelling the optical properties of Intralipid, was metrologically traceably measured across visible wavelengths 

(400–700 nm) using a minimum deviation setup at the Dutch metrology institute VSL [4]. Using the measured PSD and 

refractive index, Mie theory was applied to compute the scattering cross-section coefficient, within the independent scattering 

regime as defined for particle volume concentration  below  0.02 (v/v). The calculated values were then compared to those 

reported in the literature for validation. 

Methods 

The PSD of Intralipid 20% (Fresenius Kabi Nederland BV, Netherlands) was characterized using three Flow cytometers: Flow 

cytometer 1: Northern Lights (Cytek Biosciences , USA), Flow cytometer 2: A60-Micro (Apogee Flow Systems , Spain), and 

Flow cytometer 3: Exoplorer Nano-Flow cytometer (VDO Biotech, China), and microfluidic resistive pulse sensing (MRPS; 

nCS1, Spectradyne, USA). All flow cytometry measurements employed 405 nm lasers at 100 mW. Light scatter intensities 

were calibrated using Rosetta Calibration (Exometry, the Netherlands) assuming particles were monolayer-encapsulated 

soybean oil droplets. The lower detection limits were determined by fitting a Gaussian distribution to the background noise 

distributions obtained by measuring water. The detection limit was defined as 5 times the standard deviation of the fitted 

Gaussian distribution.  Intralipid primarily contains soybean oil (200 g/L) and egg lipid (12 g/L), yielding an estimated particle 

volume concentration (Φp) of 0.227  v/v.  

To allow Mie theory-based calculations of the scattering cross-section coefficient (μ𝑠)  in the independent scattering regime 

(Φp < 0.02), the refractive index of soybean oil was traceably measured at seven wavelengths ranging from 400 to 700 nm. 

The resulting μ𝑠 values were then compared to those reported in the literature for validation.  
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Results 

Figure 1A shows the PSD of Intralipid 20% measured using three Flow cytometers and MRPS. The measurable size ranges 

were: Flow cytometer 1 (68–1200 nm), Flow cytometer 2 (90–608 nm), Flow cytometer 3 (48–1000 nm), and MRPS 

(602000 nm). Minor artifacts were noted: Flow cytometer 2 showed an artificial dip near 250 nm due to a recording artifact of 

measured scattering signal, and Flow cytometer 3 showed a spurious peak around 450 nm caused by signal pile-up due to a 

scatter intensity range in which the instrument is insensitive to changes in particle diameter. Such scattering-based artifacts in 

the sizing of oil droplets have been previously reported [5]. Flow cytometer 3 shows the highest sensitivity among the 

techniques tested, showing that the size distribution of scatters in Intralipid peaks around 57 nm. 

To assess the quantitative accuracy of each technique, the total volume concentration of particles, derived from the 

measured size distributions, was compared to the expected value of 0.227 (v/v). Measured volume concentrations were 0.215, 

0.212, 0.127, and 0.414 v/v for Flow cytometers 1, 2, 3, and MRPS, respectively. Flow cytometers 1 and 2 provided the most 

accurate concentration estimates, with Flow cytometer 1 offering the broadest size coverage. Therefore, PSD data from Flow 

cytometer 1 was used for subsequent scattering cross-section coefficient calculations. 

The refractive index of soybean oil was measured at seven discrete wavelengths between 405 and 644 nm. These data were 

fitted using empirical Sellmeier dispersion relation: 

𝑛(𝜆)2 = 𝐴 + 𝐵𝜆2 +
𝐶

𝜆2−𝐷2                                                               (1) 

 

where 𝑛(𝜆) is the refractive index at wavelength 𝜆 (in nanometers), and A, B,C, and D are the material-specific fitting 

parameters which are 2.13, 6.85E-03, 1.66E-02, and -2.36E-03 respectively. (Fitted function has a R²> 0.99). 

 

  
Fig 3. (A) Measured Concentration versus size of particles in Intralipid 20%. The circle, rectangle, square, and diamond markers represent the measured size 

distributions obtained from Flow cytometer 1 (Cytek Northern Lights), Flow cytometer 2 (Apogee A60-Micro), Flow cytometer 3 (Exoplorer Nano-Flow 

cytometer), and Microfluidic Resistive Pulse Sensing (nCS1 MRPS), respectively. For calibration of Flow cytometer results, scatterers in Intralipid were 

modeled as soybean oil droplets with a refractive index (RI) of 1.4922, and the medium was Dulbecco's phosphate-buffered saline (DPBS) with an RI of 

1.344599. (B) Scattering cross-section coefficient (µ𝑠) of 0.01% (v/v) diluted Intralipid 20% in DPBS, calculated using the measured particle size distribution 

and Mie theory over wavelengths from 400 to 700 nm. Circle markers indicate calculated µ𝑠 values. The solid black line shows the fitted function for particle 

volume concentration (Φp) based on the determined scattering cross-section coefficients. The dashed and dash-dotted lines represent scattering cross-section 

coefficients reported in the literature Michels et al. [6] and Aernouts et al.[7] , respectively. 

Using the measured particle size distribution of Intralipid 20% and the refractive index of soybean oil, the scattering cross-

section coefficient was calculated using Mie theory (green symbols). Figure 1B shows the calculated scattering cross-section 

coefficients for a 0.01% (v/v) dilution of Intralipid 20% for  wavelengths ranging between 400 and 700 nm, compared with 
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literature data. The results show good agreement, with relative differences below 10% compared to the values reported by 

Michels et al. [6] and Aernouts et al.[7]. The calculated data were fitted using the following equation: 

µ𝑠 = 𝐸(
𝜆

𝜆0
)𝐹 × (

Φp

0.227
)                                                               (2) 

 

where µ𝑠 is the scattering cross-section coefficient, 𝜆 is the wavelength, Φp is the particle volume fraction, and 𝜆0 is a reference 

wavelength (1 nm). The fitted parameters were E= 1.13E+9 (𝑚𝑚−1), and 𝐹 = −2.53 with a fit quality of (𝑅2 > 0.99). 

 

Conclusion 

This study presents a multi-instrument measurement of the PSD and concentration of particles in Intralipid 20%. The results 

provide improved input PSD for Mie theory-based optical modeling. Refractive indices of soybean oil were traceably measured 

across the visible spectrum, enabling accurate calculation of µ𝑠. The calculated µ𝑠 of 0.01% (v/v) diluted Intralipid 20% closely 

matched literature values, with relative differences below 10% across wavelengths from 400 to 700 nm. Additionally, the 

wavelength-dependent µ𝑠 was well described by a fitted scaling formula, enabling a continuous and scalable representation of 

µ𝑠 based on wavelength and particle concentration. These findings reinforce the use of Intralipid as a reliable and well-

characterized tissue-mimicking phantom. 
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