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Summary 
An ion-pair, reversed-phase, liquid chromatographic pro- 
cedure using UV detection for quantitation of furosine is 
described. The standard plot was linear (r > 0.999) over a 
5 ng range. An authentic synthesised sample of furosine 
was used for calibration. Commercial milk samples were 
analyzed by the described procedure. 

Introduction 
Heat treatment of milk causes significant changes in milk 
proteins that can result in losses of their nutritional 
quality as well as changes of their functional properties. 
Estimation of the extent of protein damage induced by 
heating has been the subject of many papers. Some 
methods are based on the evaluation of the extent of the 
Maillard reaction by measuring the furosine present in 
acid hydrolyzed milk. 

Most of the first reported methods for furosine analysis 
are based on the use of ion-exchange chromatography [1- 
7]. Some of these methods give satisfactory results but are 
time-consuming due to the tedious column regeneration 
and post-column derivatization. This inconvenience is 
eliminated when furosine is analyzed by reverse-phase 
high-performance liquid chromatography (HPLC). 

Recently, Resmini et al. [8] have reported an ion-pair, 
reversed phase method under gradient elution conditions 
which allows the determination of furosine at concentra- 
tions as low as those present in pasteurized milks. These 
authors suggested that under previously reported isocrat- 
ic conditions [9-1.1] furosine is unlikely to be eluted as a 
pure peak. 

This paper describes the results of a study to find a rap id 
quantitative isocratic HPLC method for the determina" 
tion of furosine in milk. 

Experimental 
Furosine and pyridosine were obtained by acid hydrolySiS 
of e-N-deoxyfructosyl-lysine (I) according to the proCe" 
dure of Finot et al. (1968) [12]. 500 mg of (I) were 
hydrolyzed by refluxing in 500 mL 6M HCI for 24 h, a ~ 
then evaporated under vacuum to dryness. The dried 
mixture was chromatographed on a Dowex 50W N't 
column (110 x 2.5 cm) in the H + form. Elution was witt~ 
2M HCl and 20 mL fi'actions were collected. FractiOrIS 
were analyzed by HPLC and those showing a single peal~ 
were combined, evaporated to dryness at room tempera" 
ture and then lyophilized. 

Nuclear Magnetic Resonance 
1H NMR spectra were from a Varian XL-300 spectrorOe" 
ter operating at 300 MHz using D20 as solvent and DSS 
as internal standard. Typical conditions were: pulse angle, 
77~ acquisition time 4 s; sweep width 4000 Hz and data 
size 32 K. 

High-Performance Liquid Chronlatography 
(HPLC) 
Tile chromatographic system consisted of a Model 510 
pump (Waters Assoc.), a Model 7125 Rheodyne injector 
and a variable-wavelength UV detector Model SM 4000 
(LDC Analytical) connected to a System Gold (BeCle 
man) for data output. A Spherisorb ODS2 5 p.m colur~ 
(0.46 x 25 cm) (Phenomencx) operated at ambient 
temperature was used in the analysis. The mobile-phaSe 
system consisted o1'5 mM sodium heptanesulphonate witla 
20 %, acetonitrile as organic modifier and 0.2 % for~ ir 
acid. The flow rate of elution was 1.2 ml min- 1. The b rv' 
detector was set at 280 nm. 

Calibration curves were constructed by plotting absorb" 
ance, expressed in units of area versus pg pure furosine or 
pyridosine in aqueous solution. A third calibration curve 
was constructed for furosinc by adding to a previotlslY 

1 s of hydrolyzed sal lple of raw milk increasing quantitie 
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fUrosine within the range expected in milk for this 
compound, 

Precision of the whole assay procedure was tested by 
subjecting seven portions of each milk sample to the 
entire assay procedure and determining the coefficent of 
Variation (CV%). 

Treatment of Milk Samples 

hI)ry samples corresponding to 15-20 mg protein were 
Ydrolyzed in the presence of 3 ml 6M HCI (for liquid 

~ilk samples 7M HCI was used to obtain a 6M concentra- 
tion in the mixture). Hydrolysis was performed at 110 ~ 
for 24 h in evacuated and sealed tubes, The hydrolyzate 
Was evaporated to dryness in a SpeedVac Concentrator 
A-160 (Savant). The dried sample was dissolved in 0.5 ml 
water and this solution was passed through a pre-wetted 
8epp ak Cls cartridge (Millipore) and washed with 4.5 ml 
Water : acetonitrile : formic acid (95 : 5 : 0.2) prior to 
~IPLc analysis. 

Results and Discussion 

Isolation ot" Furosine and P y r i d o s i n e  

5P~sine was eluted in the 170-195 fractions of the Dowex ~ ~  
X4 co[mnn and pyridosine was found in the 225-240 

fractions. The aH NMR spectrum of furosine showed 
multiplets corresponding to l 4 protons. The assignment is 
~traig.htforward. At low field three multiplets appear 
uOWmg chemical shifts and coupling constants in con- 

ii]! ance with a 2-substituted furan ring: 8H3 7.64 ppm [3j 
, H4) = 4.2 Hz 4j (I-13. H5) = 0.8 Hz], 8H4 6.82 ppm [3j 
, H4) = 4.2 Hz 3j (H41H5) = 1.7 Hz] and 8H5 7.97 ppm 

a (H4, H5) = 1 7 Hz 4j (H3, H5) = 0.8 Hz]. The re- 
~aining signals are due to the chain protons of the 
molecule: 4.70 ppm (CO-CH 2, singlet), 4.05 ppm (CH-a  
triplet), 3.28 ppm (CH2-e triplet), 2.06 ppm (CH2-8 

~t~ lltiplet), 1.91 ppm (CH~-13 doublet of triplets) and 1.6 
f prn (CH9-7 multiNet'l. In the same way the 1H NMR 
~peCtrum of pyridosine showed multiplets corresponding 

14 protons. Sianals at 8.13 ppm (H3, singlet) and 7.18 
pPrn (H6, singlet) are assigned to the two uncloupled 
PrOtons in the rinp, and signal at 2.66 ppm (CH 3 singtet) to 
~tr?.2"methyl sub-stituent. Signals at 4.36 plgm (cn ; -e ,  
(]~let), 4.23 ppm (CH-a, triplet), 2.1 ppm (CH2-[3 and 

r&esu.lts are in agreement with the previously reported data 
ur fUrosine [12, 13] and pyridosine [14]. 

?he 
r n - . U v  spectrum of furosine in water showed two 

uX~ma at 280 and 224 nm and that of pyridosine showed 
maxima at 276 nm in neutral solution, 276 and 246 nm in 
acidic Solution and 330 nm in basic solution. 
~he ratio of absorbance in water, 280/254, nm was 2.9 for 
fUrosme and 1.2 for pyridosine. 

Figure 1 demonstrates the chromatograms obtained by 
tf~etetion of furosine and pyridosine standards as well as 
thm the hydrolysis products of milk samples. As shown, 

e fUrosine standard in this system was found to have a 
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Figure 1 
HPLC chromatograms: a) furosine eluted in 170-195 fractions from 
Dowex 50 W x 4 column (retention 10.5 rain.); b) pyridosine eluted 
in 225-240 fractions from same coltmm (retention 1.5 rain.); c) acid 
hydrolyzate of indirect UHT milk sample. 

retention time of 10.5 min. and pyridosine was found to 
have a retention time of 1.5 rain. 

Response linearity for aqueous solutions of pure furosine 
and pyridosine was evaluated. A plot of peak area versus 
lag furosine or pyridosine injected was found to obey the 
following equations: 

y = 71.93 x - 0.1446 

(r = 0.999; standard error 0.0024) for furosine 

y = 2.971 x - 0.0776 

(r = 0.998; standard error 0.0298) for pyridosine 

where y is integration units, and x is the amount of 
compound injected (lag). The equation indivcate that, for 
equal amounts injected, the peak area of furosine is about 
25 times that of pyridosine. These results explain the 
presence of pyridosine as a trace peak in previously 
reported HPLC determinations of furosine [8, 9] in spite 
of the high values found by other methods [15, 16]. In this 
system, the minimum detectable levels of furosine and 
pyridosine injected were 5 and 60 ng respectively, defined 
as twice the standard error. 

The precision of the instrument was determined with both 
small (30 ng) and large amounts (80 ng) of furosine. The 
coefficient of variation (CV%) for seven replicates was 
determined to be in the range 0.95-0.68 %. 
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Figure 2 
Calibration for peak area response in range 10-160 ng furosine 
injected. Regression equation: y : 51.1408 x + 0.04058; r = 0.9975. 

Table ! Repeatability of complete assay procedure for same-day 
analysis in three different types of commercial milk (n = 7) 

Sample Furosine (rag L-l) CV (%)* 

Direct UHT 30.21 8.21 
Indirect UHT 39.44 4.37 
Sterilized 76.97 7.05 

* Statistical significance level: 95 %. 

Results  of calibration carried out by adding increasing 
quantit ies of furosine to a hydrolyzed raw milk sample  is 
shown in Figure 2. A linear response was obta ined  with 
high correlat ion coefficient. The  object  of construct ing a 
third calibration curve was to see the effect of the 
t r ea tmen t  of hydrolyzed milk sample on the slope and 
o ther  pa ramete r s  of the calibration curve. As shown in 
Figure 2, the slope of the calibration curve is lower than 
the slope in pure  water  solutions of furosine. This indicate 

that  some of the furosine may  be lost during treatment  of 
the hydrolyzed milk sample  before  being injected. 

Repeatabi l i ty  of mat r ix-dependent  imprecision of the 
whole assay procedure  for the same day analysis ex" 
pressed as CV (%)  is shown in Table I. 

Three  samples  containing 29, 38 and 72 nag L-1 furosir~ 
analyzed every day for five days showed a CV (%)  of 1.83, 
1.06 and 2.10 respectively. 

This study demons t ra tes  that  the present  me thod  can be 
used for de te rmina t ion  of furosine in milk for routine 
work,  Quant i ta t ive  de te rmina t ion  of  pyridosine in vailg 
was not  possible due to the raised amoun t  at minimUr 
detectable  level and in ter ference  with o ther  reactiO~ 
products .  
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