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1. Introduction

Creatine is an endogenous biomolecule which has become an increasingly popular supplement in

sports nutrition markets. The hydrolysis of creatine to the waste product, creatinine, is a well

understood endogenous mechanism, but remains uninvestigated in food and similar matrices.

Serum creatinine is used clinically as a biomarker for kidney function; as such, an increased

consumption of the waste product presents risk of misinterpreted patient biomarker levels.

Quantitation of both creatine and creatinine in commercially available products remains necessary

for consumer safety and to provide accurate nutrition label information. A simple dilute-and-shoot

and high-performance liquid chromatography-single quadrupole mass spectrometry (HPLC-MS)

method was developed to analyze creatine and creatinine in various commercially available creatine

products including a chewable tablet, gummy, pill, powder, and a ready-to-drink (RTD) beverage.

2. Methods
Creatine and creatinine were separated by a Nexera HPLC and quantified on a Shimadzu LCMS-

2050 with electrospray ionization (ESI) in positive mode. Gradient elution (Table 1) was used with

0.1% formic acid in water and 0.1% formic acid in methanol with 1 µL injections. Calibration

standards for creatine and creatinine were prepared from 0.005-100 ppm with creatine-d3 and

creatinine-d3 used as internal standards. Commercially available samples (a chewable tablet,

gummy, pill, powder, and RTD) were homogenized and diluted in water. The extraction recovery of

creatine and creatinine were evaluated by standard addition at three spike levels of 0.10, 1.00, and

10.0 µg/mL.

The calibration range for creatine and creatinine ranged from 0.005–100 ppm (R2>0.9993 and

0.9994, respectively) which provided a wide linear working range. The accuracy of calibration

standards was between 75.1-120.9% for all standards and controls, and other quality criteria were

within acceptable ranges (S/N > 3, %RSD < 5%). The lower limit of quantitation (LLOQ) and lower

limit of detection for creatine and creatinine was 0.005 ppm.

Table 1. LCMS parameters.

Figure 1. Calibration curves and representative extracted ion chromatograms (XICs) of 

creatine and creatinine at the LLOQ.

HPLC Conditions
Column Supelco Discovery HS F5 PFP, 3.0 µm, 2.1 mm x 150mm

Mobile Phase A LCMS Grade Water with 0.1% Formic Acid
Mobile Phase B LCMS Grade Methanol with 0.1% Formic Acid

Flow Rate 0.3 mL/min
Gradient Program B conc. 35% (0-1.5 min) → 95% (4-5 min) → 35% (5.01-8 min)

Run Time 8.0 min

MS Conditions
Nebulizing Gas Flow 1.5 L/min

Drying Gas Flow 3.0 L/min
Heating Gas Flow 7.0 L/min

Desolvation Temperature 450 °C
Desolvation Line Temperature 200 °C

Table 2. Determined concentration of analytes in each sample matrix and % difference from 

labeled creatine content (average of n=3). Recovery value ranges obtained from all three spike 

levels.

Standard addition recovery values of creatine and creatinine ranged from 68.4-122% for the three

spike levels across all matrices. Extraction efficiency of the gummy using water ranged from 61.5-

75.9% and was found to be more effective than extraction with 0.1 N HCl, which yielded extraction

efficiency values ranging from 24.1-30.2%. The chewable, gummy, and pill samples were found to

contain 96.4, 5.68, and 23.3% less creatine than they were labeled to contain, respectively. The

powder and RTD were found to contain 1.15 and 6.44% more creatine than labeled, respectively.

The breakdown product, creatinine, was observed in the chewable, gummy, and RTD samples at

2.26, 46.1, and 1839 mg, respectively, despite not being a labeled ingredient in the product.

Figure 2. XICs of creatine and creatinine observed in the unspiked chewable, gummy, pill, 

powder, and ready-to-drink samples.

Creatine Creatinine

Sample matrix Sample contents 
(mg)

% Difference from 
label

Sample contents 
(mg)

% Difference from 
label

Reagent water (blank) 0 ---- 0 ----
Chewable 349.4 -96.4 2.26 +1.47
Gummy 1181 -5.68 46.1 +7.80
Pill 791.5 -23.3 0.00 ----
Powder 1012 +1.15 0.00 ----
Ready-to-drink 2857 +6.44 1839 +128.7
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5. Conclusion
A single quadrupole LCMS method was used to quantitate creatine and creatinine in sports nutrition

products. The chewable, gummy, and RTD were labeled to contain only creatine, but were also

found to also contain creatinine. No creatinine was observed in the pill and powder samples. These

findings suggest the breakdown of creatine to creatinine may be observed in certain sports nutrition

products, likely dependent on the sample matrix.

ESI parameters for creatine and creatinine were optimized; the highest signal intensity was

observed at high interface temperatures (Table 1) and low interface voltages (1.00 kV for creatine

and 0.50 kV for creatinine). The optimized chromatography conditions facilitated adequate retention

and 0.50-minute separation of creatine and creatinine. The entire runtime was 8.00 minutes, which

included a high-organic clean-out necessary for the mitigation of column carryover.

3. Results
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