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Model
NEX CG I

X-ray tube

50 W Pd-anode
Excitation

Indirect with
polarization EDXRF

Detector
Large-area SDD

Autosampler
15-positions
Sample type
Powder

Analysis time
600 — 1500 sec,
variable depending on
performance required

Atmosphere

Helium

Options

Pd collimator for optimum
trace Mo measurement

Sample Preparation
Centrifugal Mill and Manual
Compaction Press

Analysis of Nutrients in Silage

EDXRF APPLICATION NOTE #3226

SCOPE

This application note demonstrates the elemental analysis of nutrients in silage,
along with heavy metal screening using the NEX CG Il energy dispersive X-ray
fluorescence (EDXRF) analyzer. Measurements were performed using the Rigaku
RPF-SQX Fundamental Parameters (FP) method and Matching Library calibration.
This approach enables both standardless semi-quantitative elemental analysis and
tuned quantitative performance when reference assays are available.

BACKGROUND

Silage is typically derived from chopped grasses and legumes such as clover
and alfalfa, and it provides nutrient-rich feed for dairy and livestock operations.
Unlike dried hay, silage is fermented to maintain its moisture content and

is usually wrapped in poly bales or siloed. This process helps retain nutrient
density, which results in better dairy quality and improved palatability for dairy
cattle and other livestock.

Routine monitoring of silage composition is essential to ensure proper nutrient
intake and to verify that toxic metals are below regulatory limits. While near-
infrared spectroscopy (NIRS) is a widely accepted technique for measuring
protein, amino acids, fat, oil, moisture, and fiber, NIRS cannot directly quantify
elemental constituents. EDXRF is a complementary, non-destructive analytical
technique used for determining elemental concentrations, including both
nutrient elements and potential contaminants.
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XRF FOR ELEMENTAL ANALYSIS OF SILAGE

EDXRF spectroscopy, a type of X-ray fluorescence (XRF), provides rapid, multi-element quantification from sodium through
uranium. This technique is ideal for qualitative screening or feed characterization, which is useful for quantifying the elements
present in hay and silage. EDXRF can measure the elemental composition of your formulations and simultaneously screen for
toxic metals such as lead, arsenic, and cadmium.

Analysis of Nutrients in Silage

NEX CG Il is well-suited for the analysis of silage due to its unique Cartesian Geometry optical kernel that uses secondary
targets and polarized excitation to remove background and improve signal-to-noise ratios for elements. This instrument is
especially effective when measuring major, minor, and trace elements in complex feed applications. When paired with RPF-
SQX FP modeling and Matching Libraries, this system delivers consistent, high-quality results for facilities monitoring nutrient
balance and screening for elemental contaminants.

SAMPLE PREPARATION

Silage samples were milled using a high-speed Centrifugal Mill to a target sample size of 0.5 mm. Two grams (2 g) of the
sample was weighed into a 32 mm sample cup. Using the Manual Compaction Press, light compaction (200 inch-pounds) was
applied to each sample before analysis.

RIGAKU RPF-SQX FUNDAMENTAL PARAMETERS

Rigaku RPF-SQX Fundamental Parameters (FP) software estimates elemental concentrations based on XRF theory without

the need for any known calibration standards. Rigaku Profile Fitting (RPF) automatically deconvolutes spectral peaks and
models the sample matrix using cellulose as the balance component to best model hay, silage, and other forage materials.
The standardless semi-quantitative results provide accurate concentration estimates suitable for screening, trend analysis, and
comparative measurement evaluations.

RIGAKU USER-DEFINED MATCHING LIBRARY .
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Example Matching Library for Mn in grass silage.

2 Applied Rigaku Technologies
1405 Arrow Point Drive, Suite 1301, Cedar Park, TX 78613 USA
+1-512-225-1796 | www.RigakuEDXRF.com | info@RigakuEDXRF.com



@ Rigalcu Analysis of Nutrients in Silage

Applied Rigaku Technologies

EDXRF APPLICATION NOTE #3226

RESULTS — SILAGE

Rigaku RPF-SQX FP with cellulose balance modeling was used to analyze the silage. The Matching Library approach provided
strong alignment with ICP assay values.

Grass Silage
Element Units ICP Result LLD LLQ
Na 0.35 0.31 0.026 0.078
Mg 0.16 0.16 0.007 0.021
033 0.31 0.0005 0.0015
% 0.24 023 0.0001 0.0003
cl 0.81 0.82 0.0005 0.0015
K 2.51 2.50 0.0003 0.0009
Ca 0.65 0.65 0.0010 0.0030
Mn 72 69 0.7 2.1
Fe 508 501 12 36
Cu ppm 12 12 04 12
n 28 27 04 1.2
Mo 7.1 7.8 1.0 3.0

Grass Silage
Informational Semi-quant
Element Units Result LLD LLQ
Al 538 95 29
Si 6725 4.1 12
Cr 1 03 09
m
Br PP 20 0.1 03
Rb 56 0.1 03
Sr 11 0.1 0.3
HEAVY METAL SCREENING

The standardless semi-quant FP is well-suited for screening heavy metal content. In this study, no heavy metals were detected
in the silage samples. Typical detection limits for key contaminants are shown here.

Heavy Metal Screening

Grass Silage
Element LLD (mg/kg) Measurement Time
Pb 0.2
Hg 0.5 300 sec
As 0.1
Cd 06 300 sec
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SPECTRA

The spectra shown below demonstrate the use of indirect excitation in Cartesian Geometry. Secondary targets and
polarization essentially eliminate any background, giving exceptional sensitivity and performance for the measurement of
elements at ultra-low and trace concentration levels.
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Cu Target CONCLUSION

) : The Rigaku NEX CG II, using
" ) ) ) ) the RPF-SQX Fundamental
Parameters method, provides
excellent performance for the
elemental analysis of silage
without the need for calibration
E‘ﬂ standards. For applications
requiring enhanced precision,

1 %"ﬂ]\ Matching Libraries can be
@ [CE easily implemented based
‘ : ‘ | /;\// on one or more assayed

samples of the particular

o
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Mo Target material type. Together,
these capabilities make the
" . L, . . NEX CG Il a powerful tool for
| ’ E : | _. ) - ) ' nutrient characterization and

heavy-metal screening across

1 | the animal-feed industry,
supporting both quality control
Eﬂ and regulatory compliance.
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