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ABSTRACT

Food, vitamins as well as health conditions can influence the color of human urine, which might affect the urine 
fluorescence spectrum. As fluorescence spectroscopy of human urine could be used as diagnostic tool in the medical 
field, for example as a screening method for cancer or porphyria through the measurement of Coproporphyrin 
III (CPIII), altered urine color could lead to misinterpretation and false diagnostic results. So, the investigation 
of vitamin supplements and food items on the urine fluorescence spectrum could prevent misinterpretation of 
findings. Among the investigated substances, such as water- and fat-soluble vitamins and food, intake of vitamin 
B2 had noticeable effect on the urine fluorescence spectrum. Interference with the recovery rate of CPIII was not 
found among any investigated substance. Therefore, it is recommended to avoid vitamin B2 supplementation before 
fluorescence spectroscopy on human urine is used as diagnostic procedure. With regard to CPIII as target marker, 
CPIII concentrations in urine could be accurately determined in all tested cases.

Keywords: Fluorescence spectroscopy; Vitamin B2; Urine fluorescence spectrum; Coproporphyrin III; Cancer

INTRODUCTION

One of various possibly advantageous and beneficial diagnostic 
tools in the medical sector could be fluorescence spectroscopy of 
human fluids such as urine. Urine fluorescence spectroscopy has 
a wide range of use, especially detecting porphyria attacks through 
Coproporphyrin III (CPIII) levels or diagnosing and characterizing 
cancer types by utilizing specific biomarkers [1-5]. Research 
conducted by Kamada et al., explored that two specific biomarkers, 
CPIII and Uroporphyrin I (UPI), can be investigated by urine 
fluorescence spectroscopy to detect Colorectal Cancer (CRC). 
Patients with CRC who ingested 5-Aminolevulinic Acid (5-ALA) 
had significantly higher urinary porphyrin levels such as CPIII and 
UPI compared to healthy controls. These elevated levels decreased 
significantly four weeks after CRC resection [6].

The previous mentioned studies have not considered factors that 
could interfere with urine fluorescence spectrum, potentially 
causing misinterpretation of findings. Vitamins and food as well as 
bacterial infections and other diseases can affect the color of urine 
[7-10]. In light of these considerations, this review summarizes 
research by Chalissery et al., whether common vitamins (e.g., A, 
B1-12, C, D, E, K1 and K2) and some foods known to alter urine 
color (e.g., beetroot) affect the fluorescence spectrum and the 

accuracy of CPIII concentration measurements in urine [11].

LITERATURE REVIEW

It is known that nutrition and vitamin supplements have impact on 
the color and odor of urine: Multivitamin supplements may cause 
a bright yellow urine color due to vitamin B2 and B12 [7,9,12]. 
Blue-green urine color may occur after intake of spinach and intake 
of asparagus may change urine’s odor [9,13].

Urine contains several fluorophores that add to undesirable 
background fluorescence, possibly due to the patient’s diet and 
metabolism [14]. A study conducted by Zellweger et al., addresses 
the issue of disruptive factors while conducting Fluorescence 
Cystoscopy (FC). FC is a technique used for identification and 
therapy of bladder cancer. Water is required to perform FC. If the 
urine mixes with that water, the whole fluid becomes fluorescent 
as well, decreasing quality of FC images. Background fluorescence 
should be minimized as much as possible, to obtain optimal 
fluorescence images during diagnostic FC [14].

Chalissery et al., investigated vitamin supplements to find out 
if and which vitamin can be a fluorophore in urine. Moreover, 
possible interference between nutrition and vitamin supplements 
and the detection of urinary CPIII concentration was analyzed [11].
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DISCUSSION

According to Zellweger et al., it is unknown which concrete parts of 
the diet causes or might contribute to the background fluorescence 
of human urine affecting the FC quality. Such fluorophores can be 
metabolites like amino acids, (e.g. Phenylalanine, tryptophane and 
tyrosine) or neurotransmitters such as serotonine, but also vitamins 
and other substances [15]. The authors focused on vitamins as 
one potential factor of fluorophores by investigation with Over-
The-Counter (OTC) vitamin supplements. The dynamics in 
urine fluorescence spectrum of nine healthy volunteers (Age: 24 
to 70 years) before, during and after consuming an OTC vitamin 
supplement were investigated by analyzing excitation-emission 
matrices. Fluorescence levels peak 8 h to 10 h after consumption of 
OTC supplement, decline over the following 12 h and normalize 
back to baseline levels approximately 24 h later. The authors 
explain that one source of these fluorophores is the group of 
B-vitamins, particularly vitamins B2, B6 and B12, which are found 
in OTC vitamin supplements such as the one used in the study. 
Therefore, the authors recommend refraining from using OTC 
vitamin supplements in the week leading up to an FC to prevent 
degradation of fluorescence image quality [14].

Although the B-vitamins are suspected in the mentioned study, 
it still remains unclear which particular vitamin or food has  
influence on the urine fluorescence spectrum and whether it 
affects the detection of CPIII concentration in urine, which may 
lead to misinterpretation of findings. Chalissery et al., investigates 
the impact of various substances on urine fluorescence spectra and 
the determination of CPIII in the context of urine fluorescence 
spectroscopy in more detail. Sixteen vitamin supplements and three 
foods were evaluated for their effects on the urine fluorescence 
spectrum. These included high-dose water-soluble vitamins (B1-
12 and C), fat-soluble vitamins (A, D, E, K1, K2) and foods like 
beetroot, spinach and asparagus. The supplements and foods were 
chosen to examine as some of them are known to change the 
color and odor of urine, thus being potential candidates affecting 
fluorescence measurements (Table 1) [11].

In total, eight volunteers participated, seven being male and one 

female, ranging in age from 22 to 64 years. Three volunteers gave 
urine samples for each tested supplement. Samples were collected 
in the evening before intake of supplement and overnight after 
intake of supplement approximately 8 h later [11].

Furthermore, a CPIII stock solution was created by using 1 mg 
CPIII dihydrochloride salt powder (Santa Cruz Biotechnology Inc.) 
and adding 10 mL of 2.5 M HCl and 40 mL 50% acetic acid. Three 
CPIII reference solutions with dilutions of 1:50, 1:100 and 1:200 
were created out of the CPIII stock solution. Urine samples were 
spiked with these CPIII reference solutions to determine the effects 
of supplements on CPIII recovery (Figure 1) [11].

Urine samples and CPIII reference solutions were prepared in 
specific proportions with hydrochloric acid and water (500 µL HPLC 
water, 10 µL HCl 6 mol/L, 100 µl of urine sample). Fluorescence 
spectra were measured using a prototype spectrofluorometer 
(FerroSens GmbH, Munich, Germany), in the emission wavelength 
range of 490-800 nm at an excitation wavelength of 407 nm. 
Fluorescence intensity at 518 nm ± 3 nm was analyzed to assess 
inter- and intra-individual variations. This wavelength was chosen 
due to its prominence in control samples. Please note that this is 
just an artificial maximum, as it is caused by the transmission slope 
of the device’s long pass filter. Excitation-Emission Matrices (EEM) 
were additionally conducted at excitation wavelengths from 300-
500 nm and emission wavelengths from 400-700 nm [11].

CPIII recovery rates were calculated by dividing the measured 
CPIII concentration in spiked urine with CPIII concentration in 
reference solutions [11]. Based on EMA guidelines recovery rates in 
a range of 0.85 to 1.15 could be acceptable [11,16,17].

Unspiked urine samples from healthy volunteers, prepared in 
an acidic environment, showed an unstructured fluorescence 
spectrum, with three maxima related to CPIII at the wavelength 
595 nm, 620 nm and 650 nm. Intake of vitamin B2 caused an 
approximately sevenfold increase and a shift in the artificial 
maximum to approximately 535 nm (Figure 2). No notable changes 
in the urine fluorescence spectrum were observed when testing 
the other supplements, including fat-soluble vitamins and foods 
(spinach, asparagus and beetroot) [11].

Table 1: Vitamin supplements and food consumed in the study [11].

Supplement/food Description Dose per person (mg)

Vitamin A Retinyl acetate (Sunday natural products, Berlin, Germany) 3 mg

Vitamin B Complex Thiamin HCl 40 mg

Riboflavin-5-sodiumphosphate 20 mg

Nicotinamide 100 mg

D-Calcium-Panthotenic acid 50 mg

Pyridoxal-5-Phosphate 20 mg

D-Biotin 0.5 mg

6S-5-methyltetrahydrofolat-glucosaminesalt, Calcium-L-methylfolic acid 0.4 mg

Methylcobalamin, Hydroxocobalamin, Adenosylcobalamin 0.3 mg

Citicholine 10 mg

Trimethylglycine-Betaine 50 mg
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EEM analysis showed two fluorescence maxima related to vitamin 
B2 at excitation wavelengths of 375 nm and 445 nm, with emission 
wavelengths between 525 nm and 545 nm (Figure 3) [11].

Furthermore, Chalissery et al. investigated CPIII recovery rates 
in spiked urine samples. Most recovery rates fell within the 
acceptable range (0.85-1.15). However, a few outliers were observed, 
particularly with urine samples after intake of certain vitamins 
and spinach. Recovery rates out of the acceptable range for some 
samples were attributed to measurement errors or naturally lower 

CPIII concentrations, as after intake of spinach (Table 2) [11].

The results indicate that only vitamin B2 has a notable effect on the 
urine fluorescence spectrum, requiring its avoidance prior to an FC 
to prevent interference. No notable effect on CPIII concentration 
measurement in urine was noticed for any of the tested substances, 
implying that they can be consumed without affecting the accuracy 
and reliability of CPIII quantification in urine. This applies to the 
particular excitation and emission wavelengths tested [11].

Figure 1: Flowchart outlining the sample preparation and measurement procedure. Note: “S” indicates specimen. Red colored lines: Specimen 
preparation with 500 µL water, 10 µL 6 M HCl and 100 µL urine. Green colored lines: As described for red colored lines, but with 400 µL of water and 
100 µL CPIII reference solution instead of 500 µL water [11].

Myo-Inositol 25 mg

(Sunday natural products, Berlin, Germany)  

Vitamin B1 Thiaminhydrochlorid (Nutraceutical Corp., Park City, Utah, USA) 100 mg

Vitamin B2 Riboflavin-5-Sodiumphosphate (Sunday natural products, Berlin, Germany) 100 mg

Vitamin B3 Nicotinamide (Sunday natural products, Berlin, Germany) 500 mg

Vitamin B5 D-calcium-pantothenic acid (Sunday natural products, Berlin, Germany) 500 mg

Vitamin B6 Pyridoxal-5-phosphate-monohydrate (Sunday natural products, Berlin, Germany) 25 mg

Vitamin B7 D-Biotin (Sunday natural products, Berlin, Germany) 10 mg

Vitamin B9 L-Methyl-folic acid (Sunday natural products, Berlin, Germany) 0.4 mg

Vitamin B12 Cyanocobalamin (Queisser Pharma, Flensburg, Germany) 0.35 mg

Vitamin C Ascorbic acid (Sunday natural products, Berlin, Germany) 1000 mg

Vitamin D Cholecalciferol (Queisser Pharma, Flensburg, Germany) 0.05 mg

Vitamin E Alpha-tocopherol-acetate (Euro Vital Pharma, Hamburg, Germany) 600 mg

Vitamin K1 Phytomenadione (Gall Pharma, Judenburg, Austria) 0.06 mg

Vitamin K2 Vitamin K2 MK7 all-trans (Sunday Natural Products, Berlin, Germany) 0.2 mg

Alpha-lipoic acid R-Alpha-lipoic acid (Vitabay, Maastricht, Netherlands) 300 mg

Beetroot Portion of a normal meal 200000 mg

Spinach Portion of a normal meal 200000 mg

Asparagus Portion of a normal meal 200000 mg
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Figure 2: Urine fluorescence spectra. Note: a) Before consumption of vitamin A; b) After consumption of vitamin A; c) Before consumption of 
asparagus; d) After consumption of asparagus; e) Before consumption of vitamin C; f) After consumption of vitamin C; g) Before consumption of 
vitamin B2; h) After consumption of vitamin B2; λexcitation=407 nm ± 3 nm; λemission=490 to 800 nm [11].

Table 2: Calculated CPIII recovery rates for urine samples after intake of supplement. The majority of CPIII recovery rates are within the accepted range 
of 0.85 to 1.15 [11].

Supplement/Food CPIII 1:50 CPIII 1:100 CPIII 1:200 

Vitamin A 0.93 1.01 1.2

Vitamin B Complex 1.07 1.07 1.18

Figure 3: Excitation-emission-matrix of urine samples. Note: a) Before consumption of vitamin B2; b) After consumption of vitamin B2; Two maxima 
related to vitamin B2 at λemission=525-545 nm and λexcitation=375 nm and 445 nm can be observed [11].
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Vitamin B1 0.97 1.29 1.04

Vitamin B2 1.01 0.99 1.12

Vitamin B3 1.05 1.14 1.19

Vitamin B5 0.91 0.89 0.95

Vitamin B6 0.89 0.87 0.96

Vitamin B7 0.86 0.91 0.91

Vitamin B9 1.08 1.22 1.09

Vitamin B12 1.01 1.11 1

Vitamin C 0.92 0.96 1

Vitamin D 0.92 0.98 0.92

Vitamin E 0.96 1 1.01

Vitamin K1 0.96 0.99 1.09

Vitamin K2 0.94 1 1.03

Alpha-lipoic acid 0.89 0.89 1

Beetroot 0.93 1.05 1.13

Spinach 0.8 0.81 0.84

Asparagus 0.92 1.12 1.03

Pure urine 1.01 0.9 1
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CONCLUSION

The findings of the study by Chalissery et al. conclude that 
vitamin B2 affects the intensity of the urine fluorescence spectrum 
in the tested wavelengths. The overall determination of CPIII 
concentration in urine remains consistent regardless of all tested 
substances.

Nevertheless, further elaborate investigation is recommended. 
Firstly, a study with a significantly larger number of volunteers 
should validate the results. Secondly, it would be helpful to 
perform time related urine fluorescence spectrum measurements 
after vitamin B2 intake in order to precisely restrict vitamin B2 
intake prior to fluorescence spectroscopy.
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