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Kinetics of Formation of Three Indicators of the Maillard
Reaction in Model Cookies: Influence of Baking Temperature
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The Maillard reaction (MR), despite its impact on flavor, color, and texture of cereal products, must
be controlled for possible deleterious effects on protein nutritional quality. The present study aims to
simultaneously monitor three indicators of the MR reaction (acid-released lysine, furosine, and
carboxymethyllysine (CML)) by GC/MS in model cookies and evaluate the effect of formulation and
baking temperature. Whereas furosine followed a bell-shape kinetic, indicative of an intermediary
compound, CML linearly accumulated, proving to be a good indicator of the advanced MR. Acid-
released lysine continuously decreased during baking. A reference baking level was defined to
compare differently processed cookies using fluorescence synchronous spectra, highly sensitive to
the dough physicochemical properties. Furosine was maximal in glucose-containing cookies, but only
accounted for 5—50% lysine blockage, depending on the sugar and baking temperature. High oven
temperatures and the use of fructose as the sugar source were associated with lowest the lysine
damage and CML formation.

KEYWORDS: Maillard reaction; nutritional value; cookies; lysine; furosine; CML

INTRODUCTION lamide (11,12) and carboxymethyllysine (CMLY8, 14, 15)
may be formed with possible carcinogenié6f and pro-

For as long as food has been cooked, the Maillard reaction . o .
inflammatory (L7) activities. Consequently, a compromise must

(MR) has played an important role in improving the appearance, ! ; - : )
texture, and taste of foodsly The Maillard reaction is be.found, nee_dmg to. conveniently monltorthese side reactions.
composed by a cascade of consecutive and parallel reaction stepi IS Paper aims to illustrate that simultaneous assessment of
(2), which essentially take place in food products containing three pertinent |nd|ca_tors of the MR by GC-MS could bq useful_
high levels of sugar and protein or amino acids. The rate of the to s_elect the_f_ormulatlor! and process parameters associated with
reaction is proportional to the heat-treatment severity, particu- °Ptimal nutritional quality.
larly when a low water activity is reached (optimum between  The first source of lysine blockage in cereal products is
0.4 and 0.8) 3). In this respect, cookies are particularly prone considered to be the Amadori product, fructosyllysine (RIS~
to the MR. Baking is associated with an increase in the 20). This early Maillard product is conventionally quantified
temperature in the cookie with a gradient from the inner part to using furosineZ1), which is formed during FL acid hydrolysis.
the surface (45). At the same time, water evaporates to reach However, in the context of severe heat treatments, such as
4% humidity and its activity decreases to @2, while a baking, the Amadori product is further degraded into advanced
brown color and a crumbly texture develdd)( Maillard products which are responsible for new lysine blockage
A complex mixture of volatile and nonvolatile compounds forms @2, 23). For example, lysylpyrrolaldehyde was described
derived from the Maillard reaction are formetl) (as well as to be formed at high temperature in low moisture food products
lipid and amino acid degradation products),( which are or models, accounting for significant lysine blockage during
responsible for the specific taste of cookies. These sensorialthe advanced Maillard reaction (225). However, this lysine
parameters are well controlled at the industrial plant to fulfilla adduct is further degraded under severe heat treatment. In
constant quality. contrast, CML is considered as a stable advanced Maillard
However, the MR is also responsible for a loss of nutritional product with low reactivity. On the other hand, the fats added
value of foods (§ resulting in a decrease of protein digestibility to the dough, despite being poorly unsaturated, may also
and lysine bioavailability §). This aspect is of particular  contribute to lysine blockage by the formation of Schiff bases
importance for cereal products where lysine is a limiting amino with the aldehydic compounds formed during secondary heat-
acid (10). Furthermore undesirable compounds, such as acry-dependent lipid peroxidation (226). CML can be produced
by degradation of the Amadori compound or by direct reaction
* Corresponding author: e-mail: birlouez@inapg.fr. of lysine with some dicarbonyl compounds derived from sugar
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or lipid oxidation Q7). By decreasing the different forms of Three successive extractions were performed by adding 3.8 mL
lysine blockage, an increase in the nutritional value of the cereal of a chloroform/methanol/water (2/1/0.8, v/v/v) solution fol-
protein is expected. Although protein consumption in industrial- lowed by centrifugation (15 min, 4000 rpm at room tempera-
ized countries is almost 2 times higher than that required, ture).

controlling the protein quality may be important at least for  Acid Hydrolysis After addition of the internal standard
children and vegetarian subjects who are high cookie consumerscycloleucin (5Qug mL™1), the defatted samples were hydrolyzed
The simultaneous analysis of lysine, furosine, and CML is in 5 mL of 6 M HCl at 110°C for 18 h. Five hundred microliters
possible using GC-MS, following a successive methylation of was dried under vacuum (Speed Vac, Savant) and further
the carboxylic group and acylation of the amine group of the dissolved in distilled water (500L), filtered (Nylon 0.22:m),
amino acids 28). Such an approach allows a global view on and dried again.
the early (furosine) and advanced (CML) Maillard reaction as  perjyatization. The derivatization method included an es-
well as on the total lysine blockage, whatever the substrate terification of the carboxylic functions by methanol under
concerned, lipids or sugars. Using the conversion factor betweensgongly acidic conditions followed by an acylation of the amine
FL and furosine during protein acid hydrolysis, the amount of fnctions using trifluoroacetic acid anhydrida2). The dried
peptidic lysine specifically blocked by glucose may be calcu- sample was derivatized by adding 1 mL of a solution containing
lated, whereas acid-released lysine is indicative of the total 1 46 mL of thionyl chloride in 100 mL of methanol and mixing

damage on this limiting amino acid. By comparison with FL, | total dissolution. Methylation was achieved by heating the
the proportion between the early and advanced MR can besample for 30 min in an oven at 12C. After drying under a

evaluated. CML as a final and stable product of the MR is pitrogen stream, 2 mL of dichloromethane and 4@0 of

indicative of the extent of the advanced MR, including the yifyoroacetic acid anhydride were added. The reaction was total
reaction between lipid peroxides and lysine. Furthermore, per 4fier 1 h at room temperature. The derivatized sample was dried
se this compound is of particular interest because of its possibleynqer nitrogen, and 1 mL dichloromethane was added gradually
bioactivity (29). and immediately dried under nitrogen. The dry extract was

Conventionally, CML analysis is performed after a previous gissolved in 25:L of dichloromethane and stored in the freezer.
reduction of FL, to impede the artefactual conversion of FL The solution is stable for at least 1 month.

into CML during sample acid hydrolysi8Q). Consequently,

no furosine may be detected anymore. However, a previous
study (not published) indicates that precipitation and washing
of food proteins prior to hydrolysis is sufficient to impede CML
formation during acid hydrolysis, despite the presence of high
FL concentrations in the sample proteins. So, preliminary
reduction was omitted in the present study, allowing simulta-
neous assessment of furosine and CML.

Different processing conditions, including formulation and
baking parameters, may differently influence the relative
concentration of the three indicators by accelerating or inhibiting
the advanced versus early Maillard reactions, or by favoring
other forms of lysine blockage. The aim of this study was to
model the evolution of each indicator as a function of baking
time for different oven temperatures (200, 250, and 3G)
and for various type of sugars added to the dough (sucrose
glucose, or fructose), and to compare the nutritional quality of
the respective cookies as deduced from these indicators.

3. GC/MS Quantification. Lysine, furosine, and CML were
quantified by selected ion monitoring on a Trace 2000 (Thermo
Electron Corporation) gas chromatograph equipped with a DB5-
MS capillary column (30 mx 0.25 mmx 0.25um) coupled
to a Polaris Q mass selective detector. Cycloleucin was used as
external standard. The split injection mode was used. The
temperature program was 2 min at %0, 5 °C/min to 260°C,

15 °C/ min to 290°C, and finally 290°C for 5 min. Helium
was used as carrier at a flow-rate of 1.5 mL miinDetection
used the electron impact (EI) mode at 70 eV. Data were
collected and integrated with Xcalibur software (Thermo
Electron Corporation). The quality parameters of the method
are described elsewhere.

4. Quantification of the Protein Concentration in the
Hydrolyzed Sample.In order to express lysine, furosine, and
'CML as mg gt, mg 100g?, andug g~ proteins respectively,
the amino acid concentration in the protein hydrolysate was
quantified by the rapid fluorescamine assay developed by
Yaylayan et al. 83). Briefly, 20uL of the filtered hydrolysate
was dissolved in 2.2 mL of borate buffer (0.2 M and pH

1. Materials. A 97% pure lysine standard was purchased from 8.5) and vigorously mixed with 100L of fluorescamine (0.15
Sigma, and a 99.76% pure furosine dihydrochloride standard g L™* acetone). The fluorescence was measureld,at= 390
and a 95% pure CML standard were purchased from NeoMPS nm andiem = 475 nm on a Fluoromax-Spex spectrofluorimeter
(Strasbourg, France). A sample of 97% pure cycloleucin (CL), (ISA, Jobin-Yvon). The external calibration curve used hydro-
used as internal standard, was obtained from Sigma. lyzed bovine serum albumin.

2. Sample Preparation and Derivatization. The “model 5. Assessment of the Baking Level Using Fluorescence
cookies” were prepared by mixing in a container for 4 min wheat Synchronous SpectraFluorescence synchronous spectra (FSS)
flour (60%) with either glucose, sucrose, or fructose syrups were first used by Zandomenaghi et al. (34) to determine the
(30%) and palm oil (10%). The dough was allowed to rest for reflectance of flours and monitor their carotenoid content.
30 min in a drying oven at 28C before being rolled in order  Actually, registering synchronous spectra from a solid sample
to obtain 3 mm thick cookies. Three baking kinetics were allows the recovery of photons from the excitation beam which
performed in an oven ((SPAG ENSIA, France) set at 200 are either scattered or reflected at the matrix surfa&¢. But
°C, 250°C, and 300°C for a total baking time of 16, 10, and  a major part of the photons is absorbed by the chromophores
10 min, respectively. The temperature in the core of the cookie present in the solid sample with a probability which is
was controlled by a sensor inserted horizontally. Cookies were proportional to the light path. So, the percentage of photons
taken every 2 min for analysis. The cookies were crushed andabsorbed at any excitation wavelength depends on the light path
stored at—18 °C until analysis. and the sample absorbance. The more porous is the dough, the

Defatting. A quantity of crushed cookie containing 0.5—1 deeper the excitation light path; moreover, the more colored is
mg proteins was defatted using a modified Folch method (31). the food matrix, the higher absorption. Considering that during

EXPERIMENTAL SECTION
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Figure 1. GC-MS chromatogram of lysine, furosine, and CML in a model cookie with SIM detection.
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Figure 2. Furosine kinetics in model cookies formulated with different sugars and baked at various temperatures: glucose (lozenge), fructose (triangles),
and sucrose (square). A, 200 °C; B, 250 °C; C, 300 °C.

baking both the dough porosity and brown chromophores the full scan range fronm/z50 to 450 in order to obtain the
concentration increase, a higher proportion of photons absorbednass fragments of the lysine, furosine, CML and internal
and a smaller proportion of photons reflected and scattered arestandard derivatives. The major specific ions were used for
expected. Both phenomena are associated with a drastic fall inselected ion monitoring. The retention times were 20.6, 26.5,
the FSS intensity 36), explaining why the area under the and 33.4 min for lysine, CML, and furosine, respectively
spectrum is very well correlated to the timemperature area  (Figure 1).

measured in the core of the cookie (37). Therefore, the cML, furosine, and lysine were modeled in cookies formu-
fluorescence synchronous spectrum area (FSSA) was chosefated with three different sugars (glucose, fructose, and sucrose)
as an indicator of the baking level. A reference FSSA was a5 3 function of baking time for three oven temperatures (200

defined by the mean value obtained in commercial cookies. °c 250°C, and 300°C). The levels in the raw dough were 0,
Using the regression line obtained between the synchronousp 105 mg gt and 35.0 mg gt, respectively.

spectrum area and baking time? (¢ 0,95, n = 45; data not
shown), the reference baking time was defined for each cookie
formula and processing conditions.

Furosine.Figure 2 shows the typical furosine evolution in
the cookies. The Amadori product followed a bell-shape curve.
Glucose was associated with a 5 times higher initial furosine
formation (0.6 mg g* min~! at 200°C) than fructose or sucrose
(0.23 and 0.22 mg ¢ min~t at 200°C) (Figure 2)), at least

1. Simutaneous Lysine, Furosine, and CML Analysis in for temperatures lower than 25TC. A similar curve was
Cookies. Kinetic Modeling. GC-MS data were processed in  obtained for fructose- or sucrose-formulated cookies. At 300

RESULTS
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Figure 3. CML kinetics in model cookies formulated with different sugars and baked at various temperatures: glucose (lozenge), fructose (triangles), and
sucrose (square). A, 200 °C; B, 250 °C; C, 300 °C.
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Figure 4. Kinetics of acid-released lysine in model cookies formulated with different sugars and baked at various temperatures: glucose (lozenge),
fructose (triangles), and sucrose (square). A, 200 °C; B, 250 °C; C, 300 °C.

°C, the three curves were almost superimposed, demonstratingand 300°C, however, no major effect of the oven temperature
a strong effect of the oven temperature on the respective or of the sugar source was observed.
isomerization and hydrolysis of fructose and sucrose into 2. Comparing the Final Quality of Cookies Depending on
glucose. In contrast, oven temperature had little effect on glucosethe Formulation and Baking Temperature (Table 1).A major
cookies. The main difference observed between glucose- difficulty when comparing cookies processed differently is to
formulated cookies baked at different temperatures was the ratedefine a reference baking level, ensuring that all cookies are
of furosine formation and/or degradation. However, no impact similarly baked. As indicated in a previous pap8T), the heat
was observed on the maximal furosine concentration. charge applied to the cookie can be predicted from the
CML. CML formation followed an apparent zero-order kinetic - synchronous fluorescence spectra, using PLS regression. Indeed,
after a lag time where no CML was detect&ibre 3). Except fluorescence synchronous spectra are strongly influenced by the
for glucose-containing cookies, the reaction rates were not dough color (absorbance probabilility) and microstructure (light
significantly modified by the oven temperature. But in the scattering probability), two parameters deeply modified during
presence of glucose, the zero-order kinetic rate increased withbaking. However, the quality of the prediction was not better
oven temperature, going from 1.88 g 'protein. min! at 200 than that allowed by a simple regression on the fluorescence
°C to 2.80ug g ! protein mim! at 250°C and 3.06ug g * synchronous spectrum area (FSSA) or on the maximal spectrum
protein mirrt at 300°C. The lag time before CML formation  intensity. Consequently, FSSA was used to characterize the
was shortened with the temperature (8, 6, and 4 min at 200, baking process. A standard baking level was defined as the mean
250, and 30C°C, respectively). Glucose was associated with FSSA measured in commercial cooki&3). Subsequently the
significantly higher reaction rates, especially at 3@) where standard baking time was defined for each type of cookies using
it was twice that of cookies with fructose or sucrose, the two the FSSA—time curve (not shown)able 1 presents the
latters being associated with similar CML formation rates. resulting standard baking times calculated for each type of
Lysine Lysine decreased rapidly and almost linearly as a cookie and the associated levels of acid-released lysine, furosine,
function of baking time except at 20€, where a more complex  and CML. Obviously, the standard baking time was inversely

decay, with two to three steps, was observedire 4). In the proportional to the oven temperature but associated with similar
presence of sucrose, an initial slow decrease similar to that of browning at the surface. Furosine levels increased as a function
fructose-containing cookies (around 1 mig- gnin~* at 200°C) of the temperature, but this increase was particularly evident in

was followed by a strong drop before a further stabilization, at fructose- and sucrose-containing cookies when the oven tem-
a level close to that found in glucose cookies. Glucose was perature reached 30TC. In glucose-formulated cookies, the
always associated with the highest lysine decrease (2.5m™g g furosine content was almost as high at 2@G% at 300°C.
min~! at 200°C) and fructose to the lowest one. Between 250 Considering CML, however, the highest concentrations were
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Table 1. Simultaneous Assessment of Three Indicators of the Maillard Reaction in Differently Processed Model Cookies

baking time, oven temp furosine CML lysine % total % lysine % lysine blocked
min sugar source (°C) (mgg1P) (ug g~1P) (mggtP) unavailabe lysine? blocked as FL? with other products?
15 fructose 200 0.83+£0.03. 113+04 15.0+05 59.4 5.3 54.1
15 glucose 200 527+0.14 13.7+£0.3 29+05 100 336 72.3
16 sucrose 200 0.23+0.021 14405 2605 93.2 15 91.7
9 fructose 250 1.20+0.27 40+02 175+04 53.2 7.6 45.6
9 glucose 250 5.01+0.17 111+03 115+06 80.6 319 48.7
11 sucrose 250 049+0.22 9.3+0.3 10.7+0.2 70.8 31 67.6
7 fructose 300 6.28 £0.182 20%0.2 188+0.3 63.1 39.9 23.2
7 glucose 300 7.78+0.21 83+0.2 154+03 76.9 49.6 274
7 sucrose 300 6.87+0.17 41+04 17.0+£0.3 69.9 438 26.1

2The percentage of total unavailable lysine was calculated by subtracting the acid-released lysine plus that expected to be released from FL (1.66 times the furosine
concentration in mmol g~ according to Bujard and Finot (34) from the initial lysine concentration in the raw dough (35 mg g~ P)). © The percentage of lysine blocked as
FL was calculated by multiplying the furosine concentration (mmol g~1) by 3.3 according to Bujard and Finot (34). © The percentage of lysine blocked by other products was
deduced from the difference between a and b.

found in cookies baked at 200 and the lowest in cookies lysine and glyoxal formed by PUFA or hexose autoxidatidn,
baked at 300C. Above 200°C, glucose was always associated 47) is rather considered as an indicator of the advanced Maillard
with the highest CML concentration, followed by sucrose and reaction associated with severe heat damddg. (Actually,
finally fructose. However, at 200C, sucrose-formulated cookies  during prolonged or high heat treatment, the Amadori product
contained the highest CML concentration. The content in acid- as well as pyrraline formed by reaction between lysine and sugar
released lysine decreased inversely to the baking temperaturedegradation products29) are significantly degraded into
It was maximal in fructose-containing cookies whatever the oven advanced Maillard products (23), some of which are character-
temperature. A 5 fold difference was observed at 20 ized by irreversible interprotein cross-linking and implicated
between fructose and glucose- or sucrose-formulated cookies;in the crumb texture of cereal products). The loss of protein
this difference dropped to less than 2 fold at 280 In contrast, digestibility can be explained by the resistance of such cross-
no major difference between cookies was noticed at I00 links to intestinal protease, as well as direct inhibition of protease
On the basis of these data, the concentrations of total lysineactivity by advanced Maillard products (8).
unavailability as well as the proportion blocked under FL and | cereal products, where lysine is the limiting amino acid,
other products were deduced. For this purpose we used thethe Maillard reaction is expected to have a drastic impact on
conversion factors determined by Bujard et 8B), indicating  protein nutritional quality. Furthermore, heat treatments applied
that during acid hydrolysis with 6 M HCI at 11T for 18 h,  {g cereal products, such as oven baking or extrusion, are rather
1 mol of FL gives rise to 0.5 mol of free lysine and 0.32 mol  severe. In addition, the low moisture in such food products is
of furosine. Considering the initial lysine concentration in the expected to further exacerbate the extent of the reacépn (
raw cookie dough (35 mgg proteins), we calculated the total  yp to 10 mg of furosine per gram of protein was found in infant
percentage of lysine blockedgble 1). This value varied from  cereals processed by roller-drying after amylolisis, despite the
50 to 100% depending on the sugar and oven temperature. Theypsence of added sugar9j, i.e., 10 fold higher levels than
percentage of lysine blocked as FL increased when the oventhose commonly measured in UHT milkQ). The furosine
temperature rose, in a much faster way in fructose and sucrosegoncentration is essentially dependent on glucose concentration.
containing cookies than in glucose ones. However, it was always |, the absence of added sugar, glucose is mainly derived from
maximal in the presence of glucose, accounting for at least 50%starch hydrolysis, so that except in the case of roller-drying, a
of the lysine blocked (Table 1). Two-thirds of unavailable lysine | furosine content (less than 0.05 mgigrotein) was found
was fructosyllysine in cookies baked at 300. However, at  in paby cereal product2{, 41). Further storage, however,
lower temperatures, the great majority of lysine blockage was increased the furosine content especially at high water activities
due to other products than FL, especially in fructose- and of 0,65, inducing up to 50% loss of available lysine. Another

sucrose-formulated cookies (Table 1). study confirms the strong lysine damage in cookies where
reducing sugars are added, indicating levels of lysine blockage
DISCUSSION as high as 50%10).

Numerous studies have evaluated the nutritional consequences The main critical aspect regarding the improvement of the
of the Maillard reaction in heat-treated food products. However, protein quality in cereal products lays on the need for Maillard-
major work was focused mainly on dairy produc#s39—41). associated flavors, color, and texture, for a good acceptance by
Only a few papers examine the impact of the reaction on cerealthe consumer. However, we show in this paper that optimization
products (41—45). Recently Horvatic et dl0) determined the  is possible, so that a compromise should be found between the
extent of lysine unavailability in cookies and demonstrated a development of sensory and nutritional qualities and safety.
deep degradation of protein quality. Simultaneous monitoring of the kinetics of indicators of the early

The main consequence of the Maillard reaction is the loss of and advanced Maillard reaction, as well as acid-released lysine
protein digestibility and lysine availability due to the reaction allowed optimizing the process conditions to improve the
of the freee-NH, groups of the amino acid with reducing sugars nutritional quality while maintaining the physical aspect of the
or reactive aldehydeg®). Furosine is recognized as an indicator product. The latter was based on the fluorescence synchronous
of the early step of the reaction with glucose and responsible spectrum area (FSSA), which is indicative of the optical
for most lysine damage in milk productgl)). Carboxymeth- properties of the cookie, itself related to browning and dough
yllysine which is formed from oxidative degradation of the microstructure. Despite the interest of pyrraline to account for
Amadori product {3—15) as well as from the reaction between lysine blockage by degradation products of hex@s) @uring
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the advanced Maillard reaction, the instability of the product lipid peroxidation is strongly enhanced in the presence of sucrose

in severe heating processes led us to better consider CML whichat lower temperatures. Actually when replacing palm oil by

accumulates during the advanced step of the reaction. rapeseed oil in the dough, a much higher lysine blockage was
Simultaneous analysis of furosine, CML, and acid-released Observed whereas FL decreased (data not shown), which was

lysine in cookies offers a global view of the extent and in_terpreted as a stronger lipid peroxidation in the omegasfrich
advancement of the Maillard reaction. This is possible becauseCil- In the case of fructose, however, a low level of lysine
no previous reduction was applied before protein acid hydrolysis, Plockage was observed. The difference with other sugars was
despite the recommendation of some authors wondering thateSpecially high at a low temperature (200) where a 5 times
some FL could produce artefactual CML during hydrolys@ ( hlghe_r _avaﬂablt_a amount of lysine was found in fructose-
32). We observed, however, that when isolating and washing containing cookies. This suggests that smal! amounts of Heyns
the protein pellet prior to hydrolysis a similar CML concentra- Product were formed, very few advanced Maillard products, and
tion was found in cookies prepared using or not using a previous iPid peroxides, despite a similar CML formation as in glucose-
reduction step before acid hydrolysis (data not shown). On the @nd sucrose-containing cookies. At higher temperatures, CML
basis of the standard FSSA, we defined a standard baking time"as lower in fructose- and sucrose- than in glucose-containing
allowing the comparison of the development of the Maillard cookies, despite the report that ketoses produce CML at least

reaction in cookies of different formulas and baked at various @S fast as glucose in model systerd9)( The behavior of
temperatures. fructose in foods has received little attention and needs to be

better understood. CML appeared almost correlated with lysine
blocked under forms other than FL in fructose- and sucrose-
containing cookiesr(= 0.91) but not in glucose ones. This
baking time, furosine was still near the maximum level or just could suggest a mechanism essent_ially based on direct reaction
' -~" between lysine and some degradation product of fructose, such
began to decay. As expected, fructose- and sucrose-containing, ¢ glyoxal 7). In contrast, CML would mainly derive from

cookies were generally associated with Iess_ FL than qucoseFL oxidative degradation in glucose-containing cookies. What
ones. Fructose forms the Heyns product during the early SP st be highlighted is the very low level of lysine blockage

of the MR, fv¥h'0h. glv_esf notfuro?me a;‘t?réamd E_ydrolysrﬁ. dTh_e explained by CML (ratio between CML and FL ranging between
]E)resen.(t:s 0 furotsme In fruc (')set-. O”T“i ael COOKIeS ;nlg terl\;]e 104 and 103). Consequently, CML is only an indicator of the
rom either fructose isomerization into glucose or from starch _ . - o4 Maillard reaction.

hydrolysis into maltose and glucose. However,.inadough baked In conclusion, this paper shows that by simultaneously
ywthouF sugar, only t.race amounts of furosine were found, monitoring furosine, CML, and acid-released lysine in cereal
indicating that starch is stab_le below 230 (data not s.hown)._ products, a global comprehension of the development of the
A.‘t 300°C, sucrose hydrc_)IyS|s was total an_d hexose ISOMENZa- \1aillard reaction is facilitated. This is possible by omitting the
tion was rapid enoughto_lnduce almost equimolar co_n(_:t_antratlonsreducing step generally used when the sample is hydrolyzed
of glucose and fructose in all cookies Whate_verthe initial sugar | inout prior protein isolation. Despite CML being irrelevant
added to the doug8(). Consequently, furosine was formed at ¢ o ingicator of lysine damage, its apparent zero-order kinetic
similar high levels in all cookies independently of the sugar 56,5 evaluation of the extent of the advanced Maillard
composition. Unlike furosine, CML was higher at 200 than  yeaction, as compared to other products such as pyrraline, which
at 300°C and was maximal in sucrose-containing Cookies. 4.a not stable at high temperature. Furthermore, CML is
Minimal concentrations were obtained in fructose-formulated .,,sidered as indicative of bioactive Maillard products and
cookies, especially at 30€. The levels of CML found in this  arefore of the possible side effects of severely heat-treated
study are close to those who were measured by.Hartkopf et al.foods (17). As far as cookies are concerned, higher oven
(15) using an HPLC method. Up to 100% lysine could be temperatures associated with low baking time must be used for
blocked in the final cookie when baked at 20T Buot themean  minimal lysine damage. Furthermore, fructose appears as a less
level of lysine blockage was mostly around-600%, signifi- reactive sugar regarding lysine availability and CML formation.
cantly above the levels determined by Horvatic et al. (10) on pyrther work is needed to elucidate the chemical forms of lysine
cookies baked at 25TC (45—50% lysine blockage). However,  piockage, other than furosiné§—20) and pyrraline2d, 25),

the analytical method used to evaluate lysine unavailability 5,4 especially those derived from lipid peroxides. Moreover,
differed between the two studies as well as the cookie formula- the |ow reactivity of fructose in conditions with low water
tion and baking process. At 30, almost 70% lysine was  content and pH and high temperature should be explored.
blocked as FL. At such a high temperature, starch and sucrose
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