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Furosine as Indicator of Maillard Reaction in Jams and
Fruit-Based Infant Foods
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To investigate the presence of furosine in commercial samples of jams and fruit-based infant foods
a simple method by ion-pair reversed-phase liquid chromatography is described. The yield of furosine
during the hydrolysis with hydrochloric acid was optimized. The reproducibility in the repeatability
and recovery of the method, expressed in relative standard deviation percentages, proved to be in
the ranges of 4.1-8.3% and 1.0—4.4%, respectively. The recovery percentages of furosine varied
between 86.7 and 95.3%. The obtained results support the suitability of the method. Furosine was
detected in all studied samples. Although a high variability in the content of furosine was noticed, in
general terms, the lowest levels of furosine were observed in samples of fruit-based infant foods and
the highest were observed in jams of more than 60% sugar. These results could be due to different
heat treatment, storage conditions, and/or differences in the values of water activity (a,) and amounts
of sugar. The results obtained in the present paper point out the usefulness of furosine as an indicator
of Maillard reaction for jams and fruit-based infant foods.
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INTRODUCTION Heat processing during manufacture and storage under

b de f fresh frui . di q inappropriate conditions induce a number of chemical changes,
Jams can be made from fresh fruits or intermediary products, g ,cy a5 sugar caramelization and Maillard reaction that con-

such as pulps or slurries, by adding sugar and other ingredientSyiy, e 1o their characteristic flavor and cold)(The formation

(gelling agents, starch Syrup, and acids). (R?Qard'”g the ot Amadori compounds that takes place during the early stages
content of fruit and sugar, jams can be classified as follows: js consjdered as the key step of the Maillard reaction. Evaluation
() standard jam (minimum 35% fruit as pulp and/or puree by q¢ yhe early stages of this reaction can be achieved by the

mass and minimum 60% sugar by mass); (b) extra jam yatermination of furosine, formed during the acid hydrolysis
(minimum 45% fruit as pulp by mass and minimum 60% sugar); ¢ the Amadori compound e-deoxy: -fructosyl-lysine (7).
or [()C) reduced sugar jam (minimum 35 /° fruit by mass and 30 . Although furosine has been proved to be a good quality indicator
_55/0 ;ugar). In the case of standard jam the addition of fruit ;, dairy products&, 9), eggs (10), baby cerealsl), pasta (8),
juice is also allowed (23_)' _ N tomato productsl2, 13), soybeans, barley, and maltj, honey

Usual methods for jam manufacture mclyde boiling at (15), and treated meat product$6], no data have been
atmospheric pressure or under vacud [n the first case, the  previously reported either on the presence of Amadori com-
ingredients are boiled in open kettles until the thickening of pounds, or on the usefulness of furosine as quality indicators
the products is achieved, in general, after-B9 min (1). When in jams and fruit-based infant foods.
an intense heat treatment is applied to remove the excess of The aim of the present study was to investigate the presence
water, the organoleptic properties of jam can be adversely of furosine in commercial samples of jams from different fruits
affected (5). However, the process of boiling ingredients under and with different levels of fruit and sugar, as well as in fruit-
controlled vacuum conditions reduces the time and the temper-pased infant foods, to assess the usefulness of furosine as an
ature of treatment, ensuring a better product quality. In some jndicator of the Maillard reaction for this kind of products.
cases, a thermal treatment is carried out to stabilize the final
product. MATERIALS AND METHODS

Fruit-based infant foods are manufactured similarly, with
fruits tht are triturated, mlxgd Wlt.h 5”9"?“ (in lower prqportlon (orange, lemon, apple, apricot, mulberry, bilberry, fig, pineapple, plum,
than in jams), _and cher minor ingredients. To stabilize the strawberry, banana, mixture of fruits, and tropical fruits), with a shelf
product, the mixture is submitted to a thermal treatméit ( life of 1—3 years, were collected at the Spanish market: 10 samples

with a content of sugak 60% (3 standard and 7 extra jams) and 10
* To whom correspondence should be addressed. Tel. (34) 91 562 29 samples with reduced sugar content{85%). Special attention was

00, ext. 307. Fax (34) 91 564 48 53. E-mail: mvillamiel@ifi.csic.es. paid to peach jam, and thus, 18 peach samples were also analyzed: 6
T AECI scholar on leave from University of Cauca, Popayan, Colombia. extra jams £ 60% of sugar) and 12 reduced-sugar jams«(33% of

Samples. Twenty samples of jams from various types of fruits
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Figure 1. HPLC chromatograms of a standard of furosine (a) and an g 140
acid hydrolyzate of a commercial jam of fig (b). & 120
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sugar). In addition, 18 commercial samples of fruit-based infant foods % 100 Reduced-sugar jam
(different fruits and mixtures of them) were also studied. Prior to % 80 -
analytical determinations, all samples were homogenized using an Ultra- -&
turrax homogenizer (Janke & Kunkel lka-Werk). g 60
Analytical Determinations for the Characterization of Samples. TS
Determinations of pHa,, moisture, and protein content were per-
formed. The pH of samples was measured in a pH meter MP 225 with 20~
glass electrode (Mettler-Toledo GmbH, Schwerzenbach, Switzerland). 0 ) 55 O 4

60 80 106 113 60 80 106 113

Water activity was determined at 2& using a Novasina, Sprint HC! concentration (N) ‘

TH-500 (Pfaffikon, Switzerland) previously calibrated with saturated
solutions of different salts. Moisture was analyzed using the AOAC Figure 3. Effect of different concentrations of HCI on the formation of
method 920.151 (17). Total nitrogen (TN) content was determined by furosine in an extra and reduced-sugar jam and a fruit-based infant food.
means of AOAC (Kjeldahl) method 920.1528), and the protein level

was calculated using 6.25 as conversion factor (¥N6.25). All 1100 liquid chromatograph working in electrospray ionization mode,
determinations were carried out in duplicate and the results were under atmospheric pressure and positive polarity (API-ES positive).
expressed as mean values. Chromatographic conditions were as follows: colummg Epherisorb

Quantitation of Furosine. The quantitation of furosine was  ODS(2), 5um (250 mmx 4.6 mm; Phenomenex); mobile phase, water/
performed by HPLC analysis. The preparation of samples was carried acetonitrile/formic acid (79.8:20:0.2), at a flow rate of 0.7 mL mdin
out using a slight modification of the method for dairy products of
Resmini et al. 19) as follows: samples (1 g) were hydrolyzed under RESULTS AND DISCUSSION
inert conditions (helium) with 6 mL of 8 N HCl at 11TC for 23 h in
a screw-capped Pyrex vial with PTFE-faced septa. The hydrolyzate  Figure 1 illustrates the HPLC chromatograms corresponding
was filtered with a medium-grade paper filter. A 0.5-mL aliquot of the to a standard of furosinea) and an acid hydrolyzate of a
filtrate was applied to a Sep-PackgCartridge (Millipore) pre-wetted  commercial jam (b). As observed, furosine was eluted in less
with 5 mL of methanol and 10 mL of water, then eluted with 3 mL of - thap 7 min, and no interfering peaks were present at the furosine
3 N HCl and evaporated at 4T under vacuum. The dried sample  otoniion time. Peak identity was assigned by retention time,

was dissolved in 1 mL of the mobile phase before HPLC analysis. . .
Chromatographic determination of furosine was carried out following spike of standard to samples, and confirmed by HPMS

the method of Delgado et al2Q), using a Spherisorb ODS(2).8n using the iorm/z255 corresponding to furosine [M H] ™ for

column (250 mmx 4.6 mm; Phenomenex, Torrance, CA) at X5 selective monitoring.

The mobile phase consisted of a solution of 5 mM sodium heptane ~ With the aim of optimizing the yield of furosine during the

sulfonate with 20% acetonitrile and 0.2% formic acid. The elution was hydrolysis with HCI, different amounts of samplEigure 2)

isocratic and the flow rate was 1.2 mL/min. The UV detector was set and concentrations of HCI were assayeeig@re 3). No

at 280 nm and the injection volume was B0. Quantitation was  differences were observed in the quantity of furosine formed

performed by the external standard method, using a commercial standardyhen 0.5 ad 1 g of sample were used, whereas a lower yield

of pure furosine (Neosystem Laboratoire, Strasbourg, France). All of f;rosine was detected in the case of the highest amount of

22§1iss§zdwiemdg%80";dplﬂﬁl'gﬁte and the data were the mean Va'”essample assayed (1.5 g). With respect to the influence of the
. HCI concentration, as shown Figure 3, the yield of furosine

Identification of Furosine. The identity of furosine was confirmed . . .
by HPLC—MS. Samples of jams and fruit-based infant foods (20 g) Increased as the concentration of HCl increased from 6 to 8 N

were dialyzed against water. The retentates were lyophilized, hydrolyzed (21), but not with further increase to 10.6 or 11.3 N. According
with 6 mL of 8 N HCI, and treated as described above. HPMS to these results, acid hydrolysis of samples was performed using
analyses were performed at ambient temperature on a Hewlett-Packardl g of sample in 8 N HCI.
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Table 1. Repeatability (n = 5) for Furosine Determination in Samples Table 4. Content of Furosine (mg/100 g protein) and Other
of Jams and Fruit-Based Infant Foods Parameters in the Peach Jams
chromatographic method fruit  sugar moisture protein furosine
repeatability repeatability jams (%) (%)®  pH (%) ay (%)  (mg/100 g protein)
content RSD content RSD extra
sample (mg/100 g protein) (%)2 (mg/100 g protein) (%)? A 50 60 3.13 36.9 0.862  0.343 149.8
- B 50 63 3.41 34.2 0.833  0.307 186.4
extra jam (peach) 1546 24 1428 8.3 C 50 63 35 355 0835 0371 263.2
reduced sugar jam (peach) 72.8 1.8 737 7.7 D 50 60 322 365 0856  0.366 297 1
fruit-based infant food 175.9 45 1724 4.1 E 50 63 347 351 0841 0337 363.8
(several fruits) F 50 63 342 326 0805 0256 629.3
- — reduced sugar
a RSD, relative standard deviation. G 50 31 3.73 65.3 0.937 0.418 15.1
H 55 40 3.60 60.6 0.924  0.336 317
Table 2. Recovery Percentage of Furosine (mg/100 g protein) in the | 45 55 331 436 0898 0391 42.8
Analysis of Jams and Fruit-Based Infant Foods Jo 55 42 35 588 0920 0427 551
K 55 48 3.47 50.3 0.921  0.447 75.3
amountin  added  detected  recovery ’bl gg jg ggg g;g 823? géé; 1822
0 . . . . :
sample the sample  amount  amount (%) N 50 15 358 536 0928 0335 1195
extra jam (apricot) 96.4 142.6 222.9 93.3 0 - 55  3.46 395 0.868 0.375 127.4
96.4 285.2 348.6 91.3 P 50 40 3.63 58.4 0.937 0.291 137.9
96.4 4217 481.7 91.9 Q 57 47 3.97 50.2 0.920 0.300 148.0
922+1.0 R 50 44 3.64 56.7 0.929 0.274 3354
reduced sugar jam (peach) 515 126.4 164.3 92.3
51.5 252.8 287.2 94.4
515 3793 4030 935 @ Manufacturer-reported values.
934+1.0
fruit-based infant food (apple) 43.0 66.6 950  86.7 Table 5. Content of Furosine (mg/100 g protein) and Other
43.0 133.2 1680 953 Parameters in the Fruit-Based Infant Foods
43.0 166.5 194.2 92.7
916+44 moisture protein furosine
sample pH (%) aw (%) (mg/100 g protein)
. . 1 3.98 72.0 0.970 0.574 44.0
Table 3. Content of Furosine (mg/100 g protein) and Other 2 401 805 0977 0.488 4.2
Parameters in Commercial Jams 3 3.77 816 0.980 0.542 46.1
" - o o 4 3.89 83.8 0981 0344 47.0
) rul sugar moisture protein urosine ) 5 3.71 845 0.978 0.426 53.0
jams (%) (%)* pH (%) ay (%)  (mg/100 g protein) 6 4.25 81.2 0.982 0.786 56.5
standard 7 3.93 74.1 0.971 0.651 56.8
orange (sour) 35 63 331 334 0854 0227 119.4 82 4.03 78.4 0.975 0.405 58.8
orange (sweet) 35 63 322 327  0.847 0.237 137.3 9 3.97 79.3 0.973 0.472 63.1
lemon 35 63 330 323 0819 0.107 186.7 10 4.04 84.3 0.980 0.445 67.4
extra 11 3.90 74.3 0.974 0.658 69.0
apple 50 63 354 343 0854 0294 72.6 12 420 737 0970 0726 751
apricot 50 60 334 324 0823 0.323 1045 13 4.01 788 0.976 0.661 785
mulberry 50 60 318 362 0850 0.479 153.2 14 3.98 734 0.962 0.678 85.3
mixture of fruits 50 63 311 338 0.825 0.348 212.1 152 3.84 79.2 0.976 0.248 88.7
bilberry A 50 60 322 338 083 0331 292.7 162 4.38 79.8 0.976 0.546 89.2
bilberry B 50 60 324 368 0845 0.256 424.2 172 4.05 81.8 0.976 0.914 95.2
fig 50 60 439 366 0.874 0.556 448.3 182 4.14 76.9 0.970 0.421 178.0
reduced sugar
pineapple A 60 40 360 591 0926 0.324 51.2 @ Samples manufactured with juice from citrus fruits.
plum 45 54 340 432 0890 0.393 66.3
plneapp(leB ) ig g; ggi gé gg(l)g 825 %g of jam (extra and reduced sugar) and fruit-based infant food
orange (swee . . . R . 0,
apricot 55 48 341 502 025 0.465 793 (TabIeOZ). The recovery range was 91.83.4% (RSD lower
stawbery 57 47 350 496 0919 0381 8L7 than 5%). o _ . _
mixture of fruits 57 47 354 509 0922 0470 92.0 Levels of furosine in commercial samples of jams and fruit-
banana 0 - 445 630 0939 0682 168.5 based infant foods along with pH, moistur, and protein
tropical 45 55 354 411 0870 0.283 186.7 dTables 3—5. J | h d pH
lemon 40 50 324 486 0903 0201 2243 content., are presented Trables - Jam samples showed p
values in the range 3.313.97, except two jam samples, one
a Manufacturer-reported values. from banana and another one from fig, which had pH values

around 4.4. As expected, samples with reduced sugar content

The chromatographic repeatability was evaluated by repeatedshowed the highest moisture aagl values. Similar values of
injections (n= 5) of the same sample in different days; the pH, moisturea,, and protein have been previously reported in
repeatability of the entire method (including acid hydrolysis, jams from different types of fruitl|, 22—26). In general terms,
sample preparation, and HPLC analysis) was determined byfruit-based infant foodsTable 5) presented higher values of
analyzing five aliquots of the same sample (Table 1). In all pH, moisturea,, and protein than jams.
cases, the relative standard deviations (RSDs) were lower than Furosine was detected in all studied samples. A wide variation
8.5%. in their furosine content was observed, which might be attributed

To test the recovery of furosine, known amounts of standard to different processing conditions or composition. The formation
furosine were added to acid hydrolysates of commercial samplesof furosine in jams and fruit-based infant foods may take place
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during the heat treatments to which products are submitted in (3) Directiva sobre las confituras, jaleas, marmalades y crema de

the manufacture or during the storage before consumption, if castafias 79/693/CEE.
the storage temperature is inappropriate. (4) Camacho-Salas, E.; Diez-Marques, C.; Camara-Hurtado, M. M.

Samples of jams with the lowest levels of furosine might have Preservation Oflfr”gs' Manufacture of jams and jelliéBment.
been treated under mild conditions, probably boiling under . I;?]wp))(os T_eg;:_) 1|5: i’_lfz’,ISl_PS_G'S 1.+ Escoin. C: G
vacuum, whereas the highest furosine values may correspond ®) L 'A -|8;ti0nlr§f’08;r’nolti2, dé’h g:;?i,onqte;?r?g:é) o Onas_gl;ne,
to samples manufactured under severe conditions of heat p;’océ)spsingDrying Technol 1996y14 841-857 9y y
treatment or stored at high temperature. Considering jam samples . = ’ L - )
obtained from fruits o?her thpan peach (Table g)J furosinF:a (6) Nestlé Espafia, S. A., Barcelona, Spain; unpublished internal

. ’ ; document.
concentration ranged from 51.2 to 224.3 mg/100 g protein

° . (7) Erbersdobler, H. F.; Dehn, B.; Ashok-Nangpal, Reuter, H.
(average 109.7 mg/100 g protein) for reduced sugar jam and Determination of furosine in heated milk as a measure of heat

from 119.4 to 448.3 mg/100 g protein (average 215.1 mg/100 intensity during processingl. Dairy Res 1987,54, 147—151.

g protein) for jams with a content of sugar higher than 60%. () Resmini, P.; Pellegrino, L. Analysis of food heat damage by
To eliminate the possible variability due to the type of fruit, a direct HPLC of furosinelnt. Chromatogr. Lab1991,6, 7—11.
study on jams made only from peach was carried Gatb(e (9) Acquistucci, R.; Panfili, G.; Marconi, E. Application of the
4). A similar trend was observed, with reduced-sugar jam microwave hydrolysis to furosine determination in cereal and
samples having the lowest levels of furosine. dairy foods.J. Agric. Food Chem1996,44, 3855—3857.

Although a high variability in the content of furosine was  (10) Hidalgo, A.; Rossi, M.; Pompei, C. Furosine as a freshness
noticed, in general terms, reduced sugar jams presented lower parameter of shell egg3. Agric. Food Chem1995,43, 1673—

amounts of furosine than samples of jams with more than 60% 1677. ) _ S
sugar. This may be, in part, due to the different availability of (11) Guerra-He_rnandt_ez, E.; Corzo, N. Fl_Jro_sme determination in baby
sugar responsible for Maillard reaction and to the higheof cereals by ion-pair reversed-phase liquid chromatograpéreal

Chem.1996,73, 729—731.

(12) Hidalgo, A.; Pompei, C.; Zambuto, R. Heat damage evaluation
during tomato products processig.Agric. Food Chem1998,
46, 4387—4390.

(13) Sanz, M. L.; del Castillo, M. D.; Corzo, N.; Olano, A. Presence

the reduced sugar samples. Previous studies on Maillard reaction
in model systems adjusted to differemt have shown that a
decrease i, from 0.90 to 0.60 resulted in increased browning
rate, and Maillard reaction did not take place when moisture
0 .
level yvas'greater than SQ Yoay 0.95 7). BeC"’.‘”SG the Malllar d of 2-furoylmethyl derivatives in hydrolysates of processed tomato
reaction is favored at high pH28), the considerable furosine products.J. Agric. Food Chem2000,48, 468—471
conteqt fOU”‘?' in fig -and banan{?\ jams may_ be in p_art attributed (14) Molnér-Perl, 1.; Pinter-Szakacs, M.; Wittman, R.; Reutter, M,
to their relatively high pHs. Differences in furosine content M. Eichner, K. Optimum vyield of pyridosine and furosine
among samples with simila, and pH values may be due to originating from Maillard reactions monitored by ion-exchange
the heat treatment conditions during manufacture. Lowest values chromatographyJ. Chromatogr.1986,361, 311—320.
may indicate mild processing conditions (low temperature under (15) villamiel, M.; del Castillo, M. D.; Corzo, N.; Olano, A. Presence
atmospheric pressure, sterilization under vacuum, etc.), whereas of furosine in honeysJ. Sci. Food Agric2001,81, 790—793.
higher values are indicative of severe processing conditions.  (16) Pompei, C.; Spagnolello, A. Influence of tumbling and dextrose

Fruit-based infant foods (Table 5) showed furosine values on furosine content in cooked hath.Agric. Food Chem1997,
in the range of 44.0 to 178.0 mg/100 g protein and most of the 45, 4080—4083.
samples presented values of furosine lower than 80 mg/100 g (17) AOAC. Method 920.1510fficial Methods of AnalysjsL5th ed.
protein. In general terms, these values were lower than those Association of Official Analytical Chemists: Arlington, VA,
found in jams, probably due to a lower sugar content, less severe 1990. N _
manufacturing conditions, and highayg of samples. Samples ~ (18) AOAC. Method 920.152fficial Methods of Analysjsi5th ed.
8 and 12-18, prepared with added citrus juice, showed high Association of Official Analytical Chemists: Arlington, VA,

1990.

(19) Resmini, P.; Pellegrino, L.; Battelli, G. Accurate quantification
of furosine in milk and dairy products by a direct HPLC method.
Ital. J. Food Sci.1990,3, 173—183.

(20) Delgado, T.; Corzo, N.; Santa-Maria, G.; Jimeno, M. L.; Olano,
A. Determination of furosine in milk samples by ion-pair
reversed-phase liquid chromatograp@jrromatographigl 992

amounts of furosine. Del Castillo et ak9) demonstrated the
presence of 2-furoylmethyl derivatives of amino acids in samples
of orange juice elaborated from concentrate, and proposed these
parameters as indicators of Maillard reaction during the
manufacture and/or storage of orange juice concentrate.

CONCLUSIONS 33, 374—-376.
(21) Finot, P. A.; Bujard, E.; Mottu, F.; Mauron, J. Availability of

The method described in this article is suitable for the the true Schiff's bases of lysine. Chemical evaluation of the
determination of furosine in jams and fruit-based infant foods. Schiff's base between lysine and lactose in milk. Rrotein
Although more detailed studies are needed on the formation of Crosslinking - B. Nutritional and Medical Consequendesed-
furosine in these products, the present results point out the man, M., Ed.; Plenum Press: New York, 1977; pp 343—365.
usefulness of this compound as one of the quality indicators in  (22) Souci, S.; Fachmann, W.; Kraut, food Composition and
jams and fruit-based infant foods. Nutrition Tables 1986/87; Deutsche Forschungsanstalt fr Leb-

ensmittelchemie: Garching bei Miinchen, 1986; pp 939—952.
(23) Costell, E.; Baidon, S.; Duran, L. Evolucion del comportamiento
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