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hydrolysierter oder nic--ht-hyärolysierter tiltitcn während der Lagerungszeit bei 5'C_festgestellt.
21 Skim milk (pasteurisation, lactose hydrolysis, 21 (Pasteurisierung, Laktose-

furosine formation

The effect of pasteurisation temperature on the formation of early Maillard reaction products was studied in lactose-
nyoöiysed and unhydrolysed milk.'The Maillard reaction was studied by the content of furosine. The furosine level was
frigneiin all lactose-hydråtysed mitks than in unhydrolysed milks even at the lowest pasteurisation temperatures tested.
Th]e effect of pasteuriåatioå on lysine blockage wäs estimated on the basis of furosine content in milk and by measuring
the level of reactive lysine by 

"n 
opA-reagent. gotr methods used showed that lysine blockage was higher in lactose-

hydrotysed milks thaÅ in unhydrolysed mills. In general lysine blockage was small,.below.0.6% of total lysine as calcu-
lated on the basis of furosine contänt and belowT% as m-easured accörding to reactive lysine content during storage for
g days at 5"C. In o-amino-N/total-N content no significant changes were noticed in lactose-hydrolysed or unhydrolysed
milk during the storage period at 5"C.

Wirkung der Laktosehydrolyse auf die Furosinbildun_g !l Magermilch während der Pasteurisierung
oie Wirkung der pasieurisierungstemperatur auf die aitoung von fruhen Maillard-Reaktionsprodukter wurde in

Laktose-hydroTysiertei und -unhyd"rolysierter Milch untersucht. Die Maillard-Reaktion wurde nach dem Furosinge-
nått gepruit. Der Furosingehalt war in'allen Laktose-hydrolysierten Milchen höher als in nicht-hydrolysierten,. auch

bei å'en niedrigsten unte-rsuchten pasteurisierungstempeiaturen. Die Wirkung der Pasteurisierung auf die Ly-

sinblockade wurde rrtgiunå d"r FurosingehalteJ in vtilctr und durch Messung des Levels von reaktivem Lysin

durch ein OpA-Reagenä bestimmt. Beide Verfahren zeigten, dass die Lysinblockad.e in Laktose-hydrolysierten Mil-

chen höher war als in nicht-hydrolysierten Milchen. lm ållgemeinen war die Lysinblockade gering, unter 0.,670 des

Gesamlysins berechnet auf åer drundlage des Furosingähattes und unter 7%, gemessen am reaktiven Lysinge-
halt wähiend der Lagerung fur 8 Tage iei b"C. Es wurden keine signifikanten Veränderungen bei Laktose-

1. lntroduction
Over the last years lactose-hydrolysed and lactose-

free milks have increased in popularity in several mar-
ket areas (1). The prevalence of lactose intolerance
creates demand for these products especially in coun-
tries where milk products are traditionally consumed in
high quantities. Hydrolysis of lactose produces aldose
sugars glucose and galactose, which are more reactive
sugars in the Maillard reaction than lactose. Molar con-
ceÅtration of reducing sugars becomes almost two
times higher. Galactose was found to have a higher re-
activity in the Maillard reaction than glucose (2). An ex-
tensive Maillard reaction between reducing sugars and
free amino groups leads to a decreased nutritional
value of the product. Lysine is the essential amino acid
most affected as its free s-amino group is very reactive
(2). Reactions of sugars in heating of milk have been
studied widely (3,4, 5, 6, 7, 8).

Formation of Amadori products is often studied by
measuring furosine, which is released by acid hydroly-
sis of glycated proteins (7). lt occurs in raw milk in very
tow quähtities (13, 1a) and so most of it found in heated
milk can be considered to be a result of heating and the
storage process (15, 16). Several studies on the level of
furoslne in lactase treated UHT-milks have been pub-
l ished (9, 10,11). EneensooeLrn and Huee (12) have
determined lysine damage in several milk and other
food products. EvANcELtsrt ef a/. (10) noticed that in
commercial lactose-hydrolysed UHT-milks the Maillard
reaction as measured by the presence of furosine, has
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proceeded further than in unhydrolysed milks. The level
of lysine blockage was clearly higher than in similar un-
hycirolysed milks. Therefore, the authors recommended
ttiat störage of lactose-hydrolysed milks at s 4"C should
be compulsory in order to limit protein damage. Meru-
DozA et al. (11) concluded that in order to avoid an ex-
cessive formation of furosine and, consequently, loss of
available lysine in lactose-hydrolysed milks heat treat-
ment prior to lactose hydrolysis would be recom-
mended. However, the benefits for a lactose intolerant
consumer may be significantly higher than the disad-
vantage caused by the possible loss of lysine due to an
enhanced Maillard reaction.

In this study the effect of pasteurisation temperature
on furosine and available lysine in lactose-hydrolysed
and unhydrolysed milks are compared. Also changes in
monosaccharide and o-amino nitrogen concentrations
were studied.

2. Materials and methods

2.1 Milk samples
Raw milk was collected from the Helsinki University

farm in Viikki, Helsinki. Half of the milk was hydrolysed
with Godo YNL2 lactase (Godo Shusei Co., Japan) at 5-
10"C for 24 hours. The addition level of enzyme in milk
was 0.035%.

2.2 Separation and pasteurisation
Milk fat was separated at 50'C. Milk was pasteurised

for '15 s at temperatures between 60 and 90lC using a
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pilot plate heat exchanger pasteurisation equipment
(Otto RUchti, Switzerland). lmmediately after pasteuri-
sation the milk was cooled to below 10'C. Samples
were stored at 5'C for 8 days.

2.3 Analytical determinations

Samples were analysed every two days for furosine,
pH, glucose and galactose. Reactive lysine and q-
amino-N were analysed from 0 and 8 day samples. Fu-
rosine was analysed according to IDF standard (17). pH
was measured with a Mettler Delta 320 pH meter (Met-
tler-Toledo Ltd, Halstead, UK). Glucose and galactose
were measured using high-performance anion-ex-
change chromatography with pulsed amperometric de-
tection with a modified method of oe Slecre (18). Ly-
sine blockage was estimated on the basis of furosine
according to Ftruor et al. (9) and EvRNceltsrt ef a/. (10).
Furosine values were corrected by multiplying with 0.8
before applying FtNor principle as suggested by EvnN-
cELrsr ef a/. (10). Reactive lysine was analysed accord-
ing to VIGO et al. (19) dissolving liquid milk samples in
10% SDS for at least t h. Possible interference of the
free amino groups of amino acids, amines and small
peptides was checked in the supernatant of samples
dissolved in pH 9.0 sodium tetraborate buffer solution
after precipitation with 10% trichloroacetic acid solution
(20). o-amino-N was analysed according to LIESKE and
KoNRRo (21). Raw milk was analysed for fat (22), pro-
tein and total nitrogen (23) and lactose (24).

3. Results
3.1 Furosine in commercial milk samples

Commercial consumption milk, lactose-hydrolysed
and lactose-free milk product packages were collected
from various cities in EU, Samples were analysed and
significant differences in furosine were observed (Table
1). The highest furosine levels were found in UHT
treated milks stored at ambient temperature. The lowest
levels of furosine were found in pasteurised and ESL
treated milks stored chilled.

Table 1: Furosin levels in different commercial milk
samples

Sample
Furosin Heat Storage
mg/kg treatm. temp.

Skim milk 1.6 past. chi l led
Lowfat milk 56.8 UHT ambient
Fat free lactose-free milk A 6.9 ESL chilled
Low fat lactose-free milk B 11 .4 ESL chilled
Lowfat lactose-free milk C 197.9 UHT ambient
Lowfat lactose-free milk D 29.0 UHT ambient
Lactose reduced milk A 84.0 UHT ambient
Lactose reduced milk B 93.0 UHT ambient

3.2 Chemical changes in pasteurised milk samples

The separated and pasteurised milk contained
0.06% fat, 3.65% protein and 4.4% lactose. Lactose-
hydrolysed separated and pasteurised milk contained
0.07% fat, 3.65% protein and 0.17o of residual lactose.
In Fig. 1 formation of furosine at different pasteurisation
temperatures is presented in hydrolysed and unhydro-
lysed milk. The presented value is the average value
measured between 2 and B days of storage. Furosine
content changed very little during the storage period. In
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unhydrolysed milk the furosine level did not change as a
function of pasteurisation temperature. However, in hy-
drolysed milk the furosine level was slightly higher than
in unhydrolysed milk even at the lowest temperature
tested. Furosine levels were very low in all the samples
as compared to the highest values of commercial milk
samples shown in Table 1, which shows that pasteuri-
sation does not cause a significant Maillard reaction in
either milk.
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Fig. 1: Effect of lactose hydrolysis and pasteurization tem-
perature on furosine in skim milk Symbols: i unhy-
drolysed, I hydrolysed.

Fig.2: Effect of pasteurisation temperature on glucose and- galactose level in lactose-hydrolysed skim milk.
Symbols: i galactose, I glucose.

In the Maillard reaction reducing sugars react espe-
cially with e-amino groups of lysine. In hydrolysed milk
samples glucose and galactose were analysed after B
days of storage and the effect of pasteurisation tem-
perature was analysed. Figure 2 shows that the level of
galactose in hydrolysed milk is lower than that of glt -
cose. This may be due to the galacto-oligosaccharides
formed during hydrolysis, or to galactose reacting more
actively during the heat treatment than glucose.
BRANDS et al. (2) noted that galactose is more reactive
in the Maillard reaction than glucose. This was ex-
plained by the higher amount of galactose present in
acyclic form which is the form in which the sugar reacts
with the lysine residues in the Maillard reaction (25). The
ratio between glucose and galactose did not change in
the temperature range tested. Fig. 2 shows the results
analysed with HPLC. Enzymatic analysis gave similar
results for the monosaccharides.

No significant differences took place in pH levels of
pasteurised milks. In unhydrolysed milks pH was 6.72*
6.74 and in hydrolysed milks 6.76-6.78 during the B day
storage period.
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Fig.3. Effect of pasteurisation temperature on blocked ly-
sine in hydrolysed and unhydrolysed milk estimated
on the basis of furosine.
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3.3 Nutritional quality
The nutritional value of milk was estimated by calcu-

lating the amount of blocked lysine on the basis of the
analysed furosine values as described by EVANGEL-
lSTl ef a/. (10). Results are presented in Fig. 3.
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to have a slightly stronger influence than in furosine
based blocked lysine.

The reactive lysine in pasteurised hydrolysed and
unhydrolysed milk was measured also after B days of
storage at 5"C. No significant change during the storage
period took place in any pasteurisation temperature
tested.

In Fig. 5 o-amino-N/total-N is shown in hydrolysed
and unhydrolysed milk as a function of the pasteurisa-
tion temperature. No significant difference is seen be-
tween hydrolysed and unhydrolysed milk, which indi-
cates that no significant proteolysis took place in the
samples. No significant change in o-amino-N/total-N is
seen during 8 d storage at 5'C.

Fig.5: a-Amino nitrogen/total nitrogen in pasteurised hydro-
lysed and unhydrolysed skim milk as a function of
pasteurisation temperature. Symbols: i unhydro-
lysed 0 d, I unhydrolysed 8 d, A hydrolysed 0 d, !
hydrolysed 8 d.

4. Discussion
There are few studies where furosine and available

lysine values in pasteurised milk has been studied.
RESMTNI et al. (13) found furosine levels of 3.5-4.8
mg/100 g protein in pasteurised milk (70-90'C, 16 s),
which is slightly lower than was found in this study for
unhydrolysed milk (5.7-9.1 mg/100 g protein).  RESMINI
et a/. found furosine levels 3.0-3.2 mg/100 g for un-
treated raw milk, which is similar to what was found in
this study. Resvrr.rr et al. (26) also noted that a natural
and rather constant furosine value of raw milk is 3-5
mg/100 g protein. In pasteurised milk they found values
of 5 - 8 mg/100 g protein, which is similar to the values
found in this study. MrruoozR et al. (11) found levels of
4.6 mg/kg and 14.3 mg/kg furosine in commercial pas-
teurised ewe's milk and goat's milk respectively, which
are higher than found for cow's milk in this study. Hun-
netL and Ftruor (27) calculated blocked lysine in milk on
the basis of measured furosine and found in normal
pasteurised milk a level of lysine blockage of 0%, which
is at the same level as was found in this study. In spray-
dried lactose-hydrolysed skim milk powder lysine
blockage between 15 and 70o/owas found depending on
the severity of the heat treatment.'

In this study the lysine blockage measured according
to the OPA-reactivity was higher than the level of
blocked lysine estimated on the basis of furosine. This
may be partly caused by the differences in the yield of
furosine and lysine from Amadori compounds in the

Fig. 4. Effect of pasteurisation temperature on reactive lysine
level in raw and pasteurised hydrolysed and un-
hydrolysed skim milk. Symbols: <) unhydrolysed, r
hydrolysed.

The level of blocked lysine remained roughly at the
same level in unhydrolysed milks in all pasteurisation
temperatures, but in lactose-hydrolysed milks level rose
slowly with the pasteurisation temperature. The differ-
ence between unhydrolysed and hydrolysed milk was
largest at the highest pasteurisation temperatures
tested. However, in neither milks the level of blocked ly-
sine exceeded 0.6% which means that the loss of lysine
does not have any remarkable effect on the nutritional
value of the milk. lf the furosine content of the raw milk is
taken into account the level of blocked lysine would had
been even lower. At the lysine blockage level of 34-35%
of total lysine the lysine in milk protein becomes the
l imit ing amino acid (10).

The effect of hydrolysis on the nutritional value of
pasteurised milk was also estimated by measuring the
level of reactive lysine in milk. The effect of pasteurisa-
tion temperature on reactive lysine in different types of
milk is shown in Fig. 4. There is a difference between
hydrolysed and unhydrolysed milk. The difference
seems to remain very stable in the temperature range
tested. ln reactive lysine the hydrolysis of lactose seems
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acid hydrolysis step if these compounds were formed
either from glucose, galactose or lactose. Therefore in
lactose-hydrolysed milk the yield value for furosine from
the Amadori compounds is probably different from that
found for unhydrolysed milk as suggested by FINOT ef
a/. (9). In this study the yield values are supposed to be
same for both types of milk.

Evnrucettstt et al. (10) reported furosine levels of
1342 - 5546 pg/g protein in commercial lactose-free
milk samples. These samples were UHT-treated and
stored at different temperatures for <5 d or 3 months.
The level of lysine blockage varied between 42 and 174
mg/g total lysine. These values were significantly higher
than in similar unhydrolysed milks, which had a furosine
level of 257-617 pg/g protein, and blocked lysine level
between 8 and 19 mg/g total lysine. This was explained
by higher amounts of reducing sugars in hydrolysed
milks. The differences in furosine and blocked lysine
levels seem to be surprisingly large. The highest fu-
rosine values were roughly at the same level as in this
study in the commercial samples (Table 1). This shows
that lactose-hydrolysed milks need more gentle proc-
essing conditions than normal milk. Evaruceltsrt ef a/.
recommended that lactose-hydrolysed UHT-milks
should be stored at 5 4"C in order to limit protein dam-
age due to the reducing sugars. In this study a storage
of B days at 5'C for pasteurised lactose-hydrolysed or
unhydrolysed milks did not cause significant nutritional
deterioration as measured by the amount of blocked ly-
sine or reactive lysine.

VlGo ef al. (19) found level 8.9 g/16 g N (8.7 g/100 g
protein) for reactive lysine in pasteurised milk. This result
is the same as what was found in this study (8.7 g/100 g
protein) with pasteurisation treatment 72"C, 15 s.

5. Gonclusions
In lactose-hydrolysed milks furosine formation due to

the Maillard reaction between reducing sugars and free
amino groups of proteins and peptides during the pas-
teurisation is stronger even at the lowest pasteurisation
temperatures tested than in normal unhydrolysed milk.
The difference in furosine content after the pasteurisa-
tion between hydrolysed and unhydrolysed milk grew
with increasing pasteurisation temperature. However,
even at the highest pasteurisation temperature tested,
the amount of blocked lysine as estimated on the basis
of furosine, did not exceed 0.6% during the 8 day stor-
age at 5'C. In reactive lysine the hydrolysis before heat
treatment caused a loss between 3 and 7%. These
changes mean that the effect of pasteurisation on the
nutritional value of lactose-hydrolysed pasteurised milk
is not significant. lf needed the losses can be avoided or
decreased further by performing the hydrolysis after the
heattreatment.
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