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People need to consume sufficient amounts of essential 
macronutrients—carbohydrates, fats, and protein—to support 
their body’s energy needs. Protein is needed for growth, 
development, and repair of body tissues, and is especially 
important for building or maintaining muscles and for bone-
health. Meat, poultry, fish, dairy products, and eggs are a 
major source of protein while plant-based sources include 
soya, beans, nuts, lentils, grains, cereals, fruit, and vegetables. 

Around the world, there are increasing numbers of people 
who are following a vegan or vegetarian diet, or who are 
reducing their intake of animal-based foods for ethical, 
dietary, or health reasons. Recent reports on the impact of 
intensive livestock farming on the climate and natural 
resources may persuade even more people to limit the 
amount of meat in their diets. The food industry is keenly 
aware of the rise in popularity of meat-free foods. This trend 
can be seen by the ever-increasing selection of alternative 
protein foods on supermarket shelves and the menus of fast-
food outlets and restaurants. Some food companies, 
including several startups, are already selling products that 
are produced by cultivating “meat” from cells in a bioreactor. 

To ensure that non-meat based protein and alternative 
protein products are safe for human consumption, 
manufacturers must comply with Good Manufacturing 
Practices (GMP). Typically, GMP guidelines provide guidance 
for manufacturing, testing, and quality assurance of foods. 
Food safety analysis includes testing for chemicals, e.g., 
organic contaminants such as pesticide residues, and 
inorganic contaminants such as heavy metals, which are 
controlled in foodstuffs. In the United States (US), the Food 
and Drug Administration (FDA) regulates a wide range of 
foods and publishes analytical methods that laboratories 
should use to help ensure food safety. For example, FDA 
Elemental Analysis Manual (EAM) 4.7 is a comprehensive 
method that describes how to determine 12 elements in food 
digests (prepared using microwave assisted acid 
decomposition) by ICP-MS. EAM 4.7 also outlines a series of 
quality control (QC) tests to ensure instrument performance 
and data accuracy (1). Companies wanting to produce, 
import, or export cell-based alternative meats may need 
regulatory approval in each target market. However, it is likely 
that existing analytical testing of foods, such as EAM 4.7, can 
be applied to any newly developed cell-cultivated food 
products.

This study describes the use of the Agilent 7850 ICP-MS and 
Agilent SPS 4 autosampler for the analysis of 23 elements in 
different plant-based alternative meat samples and cell-
culture solutions. The analytical method was adapted from a 
previous foods analysis study using the 7850 ICP-MS (2). The 
list of elements included the 12 elements that are specified in 
EAM 4.7. The elements include heavy metals and trace 
elements: arsenic, cadmium, chromium, copper, lead, 
manganese, mercury, molybdenum, nickel, selenium, 
thallium, and zinc. Other elements included antimony, 
calcium, cobalt, iron, magnesium, phosphorus, potassium, 
sodium, strontium, sulfur, and vanadium.

The data quality obtained for these elements was assessed 
through the measurement of four food certified reference 
materials (CRMs), a fortified method blank (FMB), and four 
fortified analytical portions of plant-based meat alternative 
foods .

All the details for this study can be found from these two QR 
codes linking to the published paper and application note.
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Figure 6. Elemental analysis of spent media from cultures of three cultivated meat-relevant cell types,
using inductively coupled plasma-mass spectrometry. Data points represent the mean of three
biological replicates ± standard deviation. The y-axis scales vary widely between the graphs, so the
figure does not directly indicate relative abundances of the different elements in the spent media
samples. Several other elements were targeted for analysis but their concentrations in the samples were
too low for detection. cMFB primary embryonic chicken muscle fibroblasts. cMPC primary embryonic
chicken muscle precursor cells. C2C12 murine myoblast-like cell line..

Instrumentation

An Agilent 7850 ICP-MS, which includes the ORS4 collision 
cell and UHMI aerosol dilution system, was used for the 
analysis. The ICP-MS was configured with the standard 
sample introduction system consisting of a Micro Mist glass 
concentric nebulizer, temperature-controlled quartz spray 
chamber, and quartz torch with 2.5 mm id injector. The 
interface consisted of a nickel-plated copper sampling cone 
and a nickel skimmer cone.

Other instrument operating settings were optimized 
automatically using the ICP-MS MassHunter autotune 
function. All analytes were acquired in helium (He) mode 
(enhanced He mode for Se). Operating the ORS4 in He mode 
is a widely used method to remove most commonly 
occurring polyatomic ion interferences on analytes ions by 
Kinetic Energy Discrimination (KED) (3, 4). When UHMI is 
selected, all related settings are autotuned as appropriate for 
the matrix levels of the target sample types. Instrument 
operating conditions are listed in Table 2.

Results and Discussion

Experimental

All the Experimental information can be found in the 
below application note and published paper.

Calibration Curves

Representative calibration curves are presented in Figure 2. 
The plots for Na, Mg, Mn, Cu, As, and Hg show excellent 
linearity across the calibrated range, with correlation 
coefficients of 0.9999 or better.

IntelliQuant data

In this study, IntelliQuant data was acquired for each plant-
based food sample and SRM with the 7850 ICP-MS operating 
in He mode. The data can be displayed in a periodic table 
heat map view, as shown for the plant-based "minced beef" 
sample in Figure 4. The color intensity heat map shows the 
approximate concentration of up to 78 elements in each 
sample, with a darker color indicating a higher concentration 
of an element. The IntelliQuant data is a quick and simple 
way to get an overview of the elemental content of a sample 
and identify the presence of any unexpected elements.

Figure 4 shows that the plant-based "minced beef" sample 
contained a relatively high concentration of Rb. Rb wasn’t 
calibrated as part of the quantitative study, so the natural 
isotope template feature of IntelliQuant was used to check 
the Quick Scan spectrum to confirm its identity. Figure 5 
shows a good fit to the natural isotope template for Rb, 
confirming its presence in the sample.

Results and Discussion

• The Agilent 7850 ICP-MS was used to analyze 30 
elements in a range of plant-based protein foods and 29 
elements in a range of cell culture media. 

• The analysis was done in accordance with US FDA EAM 
method 4.7 for food and related products and included 
the 12 elements specified in the 4.7 method. All the food 
samples were prepared in the same batch using a single 
microwave digestion method, while the cell media 
samples were simply diluted before analysis.

• The 7850 ICP-MS method was predefined based on a 
previous EAM 4.7 food analysis batch, and the instrument 
was autotuned, saving development time. All elements 
were measured using a single data acquisition mode, 
with effective removal of polyatomic interferences 
ensured by operating the ORS4 collision cell in He-KED 
mode. 

Conclusions
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* Shaded parameters are defined in the method and HMI-4 plasma presets; all parameters were
automatically optimized during start-up and autotuning. ** Enhanced He mode settings used for Se.

Table 2. ICP-MS operating conditions*.

Figure 2. Representative calibrations for major and trace elements.

Typical 7850 ICP-MS instrument detection limits (DLs) 
calculated from the ICP-MS MassHunter calibrations are 
shown in Table 3. The EAM method detection (LOD) and 
quantification limits (LOQ) – also shown in Table 3 – were 
calculated based on method blanks measured at the end of 
the run, n=10 (8). Data was acquired for 30 elements, 
including the 12 elements required by EAM 4.7, using He cell 
gas for all analytes.

Verification of instrument calibration and sample digestion 
process

As part of the method quality control procedure specified in 
EAM 4.7, and to ensure the ongoing validity of the calibration, 
a CCV standard was analyzed five times during the analytical 
sequence. Most tested elements reported recoveries within 
the EAM acceptance criteria of ±10% of the actual 
concentration of the CCV (results not shown).

To verify the sample digestion process and the accuracy of 
the analytical method, two sets of the four NIST SRMs were 
analyzed in duplicate using the 7850 ICP-MS. As shown in 
Table 4, the mean concentrations were in good agreement 
with the certified concentrations, meeting the QC criteria 
requirements of the FDA EAM method of 80–120%. Since not 
all SRMs are certified for all analytes, blank cells indicate the 
absence of a certified or reference value.

Matrix effects and spike recoveries

To test for non-spectral interferences (matrix effects), an 
FMB was prepared by spiking the blank at 1 μg/kg for most 
trace elements, 50 μg/kg for Al, Fe, Cu, Zn, and 4000 μg/kg 
for major elements including K, P, and S. The FMB was 
analyzed periodically throughout the entire analysis run. All 
recoveries were within the EAM 4.7 method acceptable % 
recovery range of 90–110%, as shown in the application note.

A spike recovery (FAP) test was carried out to check the 
accuracy of the 7850 ICP-MS method for the analysis of the 
plant-based (meat-substitute) food products. Each sample 
was spiked with all elements at 1 or 50 μg/kg and measured 
using the 7850 ICP-MS. For samples that had naturally 
occurring elemental concentrations below 1 μg/kg, a 1 μg/kg 
spike is reported. For samples with higher naturally occurring 
concentrations, the 50 or 4000 μg/kg spike results are 
reported. The recoveries for all elements in the fortified plant-
based beef-substitute food samples were within the EAM 4.7 
method QC criteria of ±20%, as shown in the application note.

Table 3 & 4. Mean measured concentrations of four food-based NIST
SRMs using the Agilent 7850 ICP-MS. Mean calculated from triplicate
sample digestion, each run in triplicate, n=9.

Figure 3. Stability of ISTD measurements over 48 hours. The ISTD
recoveries have been normalized to the calibration blank for all
samples.

Figure 5. Rb in the plant-
based minced beef 
sample was confirmed 
using the isotope 
template fit function in the 
IntelliQuant Quick Scan 
mass spectrum.

Figure 4. Periodic table heat map view of ICP-MS IntelliQuant data 
acquired for the plant-based "minced beef" sample.

Table 3. Agilent 7850 ICP-MS detection limits and EAM 4.7
nominal analytical limits, where provided.


