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ABSTRACT

The effects of dissolved oxygen (DO) on the Maillaeaction of lactose were investigated.
In the model solution of lactose and butylaminewds found that the concentration of
aminoreductone (AR), Galactose (Gal), and Maillaaktion products,in deaerated sample were
significantly higher than that in non-deaerated plamThe browning of deaerated sample
measured by the absorbtion of the Maillard reacficoduct melanoidinat 420 nm was also
higher than that in non-deaerated sample. The dserén the oxygen concentration in the
samples during heating at different conditions ve&®gnizedIt was found to correlate with the
formation of Maillard reaction products (AR, Galdabrowning compounds). Our results might
give more insight in the Maillard reactions in foathd suggest that food processing
manufacturers should pay attention to #ffects of dissolved oxygeim the process besides
considering other factors such as reaction comgeraerd reaction conditions in order to receive
the highest quality and nutritive value of the fipeoducts.
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1. INTRODUCTION

Maillard reaction, a reaction between reducing ssigaad compounds bearing free amino
groups, is very important to food processing beeaustrongly influences the quality of final
product [1]. Therefore, investigation of the Maitlareaction products is of paramount
importance for the quality evaluation of foods. TWaillard reaction is extremely complicated;
it can be classified by mechanisms involving oxXigatand non-oxidative reactions [2]. Several
investigations thoroughly studied the effects ofygen on the advanced stage of Maillard
reaction of proteins with glucose [2] and pentd8¢sinder physiological conditions. However,
most real food systems contain oligosaccharides [4]addition, they also occur a&
consequence of thermal treatments in the manufagtprocess at high temperatufidnerefore
it should be of a great value to study the effdcbxygen on the formation of the Maillard
reaction products in food processing. De-aeratieatinent is oftenly used in food processing to



Vu Thu Trang

get rid of the effect of oxygen during food presgion. However, there are very few studies on
the effect of deaeration on the Maillard reactioficod or food quality.

Lactose, a component of milk and dairy products,oi®e of the most important
disaccharides in foods [5]. Up to now, the rolerygen in the Maillard reaction of lactose has
not been rigorously explored. In previous reposs,proposed an assay method for determining
the ability of milk to reduce the tetrazolium s4T (2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-
2H-tetrezolium-5-carboxanilide) as a method of eviahgathe extent of the Maillard reaction [6,
7]. It was also shown that aminoreductone (AR),olvhivas formed during the Maillard reaction
in a model solution of lactose, was mainly resplasfor the reducibility of XTT [8]. In the
pathway of the AR formation, galactose (Gal) waregated by the progress of the Maillard
reaction [5].

In order to understand the effect of oxygen onMiadlard reaction in foods, we investigate
in the present study the effects of oxygen on dmmétion of the Maillard reaction products of
lactose such as AR and Gal under thermal treatments

2. MATERIALS AND METHODS
2.1. Reagents

XTT was purchased from Sigma Chemical Co. (St. $o0MO. USA). Lactose
monohydrate, butylamine, potastium hydrophosphatd potastium dihydrophosphate were
from Nacalai tesque, Inc. (Kyoto, Japan). All otheagents were of the highest grade
commercially available. Milli-Q water was used lh@ocedures.

2.2. Incubation procedure

The solution containing lactose and butylamine waed as a model system ftre
Maillard reaction of lactose (model solution). L@sg monohydrate (127 mM) and butylamine
(15 mM) were dissolved in 20 mM phosphate bufféd 7). The concentration of sugar was
set to the value based on that of lactose in rAilko, the butylamine concentration was adjusted
to the same concentration of primary amino groupaskin in milk (Ukeda et al., 1998).

The dissolved oxygen in the model solution was ielated by purging with nitrogen for 20
min. The oxygen concentration in the solution wasasuredising the dissolved oxygen meter
with an accuracy of + 0.4 mg/l (DO-5509, Fuso C&d,, Tokyo, Japan).

The model solution (1.2 mL) was heated under irtditaconditions. Immediately after
heating, the heated solution was cooled on iceédp the reaction. And then, the formation of
AR was determinedsing the XTT assay. The heated model solutionfiltased through a Sep-
Pak Plus C18 (Waters, MA; activated by 5 mL of athlaand equilibrated by Milli-Q water) to
remove brown components. The obtained clear solutias used for the determination of Gal

2.3. XTT assay procedure

The formation of AR in heated model solution andkmvas determined using the XTT
assay, performed in a 96-well microtiter plate adtw to the method described by Shimamura
et al. [8]. Each well contained 6 of 0.5 mM XTT prepared with 0.2 M potassium phlosie
buffer (pH 7.0) saturated with menadione. Sample () was added to the well and, after
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mixing in a microplate shaker at a speed of 500 fpl5 s, the difference in the absorbance
between 492 nm and 600 nm was read on a micro@atier (MPR A4i, Tosoh, Tokyo, Japan)
as the absorbance at 0 min. After 20 min at roamp&Fature, the absorbance difference was
again read and the increase in the absorbanceegasded as the ability of sample to reduce
XTT (XTT reducibility).

All assays were performed at least twarel the results were showas an average value.
2.4. Determination of Gal

The concentration of Gal was determined by F-kiacdfiose/ D-Galactose) according to the
instruction. The principle of F-kit was as followSal was oxidized by NAD to D-galactonic
acid in the presence of galactose dehydrogengsd 8t6. At the same time, NAD was reduced
to NADH. The concentration of NADH formed was stoametrically equal to that of Gal. The
increase in NADH was measured at 340 nm (UV-VIS cBpphotometer UV mini 1240,
Shimadzu, Japan) before and after the additionatdogose dehydrogenase [7]. All tests were
performed at least twicgnd the results were shown as average values.

3. RESULTS AND DISCUSSION

To investigate the effects of oxygen on the Madlegaction of lactose, the model solutions
of lactose and butylamine were incubated at ADGnd 120°C for the indicatedime under
aerobic and non-aerobic conditions with 8.8 mg &and 0.8 mg L dissolved oxygen,
respectively.

3.1. Effects of oxygen on the generation of AR ifné Maillard reaction of lactose

The formation of AR in the Maillard reaction wascognized by the increasaf XTT
reducibility [7, 8]. As can be seen in Fig. 1, tbemation of AR was accelerated in the absence
of oxygen during heating. After 20 min of incubatiaghe XTT reducibility under non-aerobic
condition considerably increased by 28.05 % and 284 compared to that under aerobic
condition at 100°C and 120°C, respectively. There are several possible exptamafor the
increase of AR formation during the Maillard reantiunder the non-aerobic condition. First, it
was investigated that AR is a strong reducing suto® that can act as an antioxidant or
prooxidant, mainly due to the reductone structiije In the presence of oxygen, this highly
reactive substance can easily form a complex wiglgen leading to the reduction of AR after
formation. Thus, at the same heating condition, XA reducibility of the model solution
containing the dissolved oxygen at high concemmashould show lower value than that of the
model solution containing negligible amount of oagg The second possibility is that oxygen
might directly alter the pathway of the AR formaticAlthough the participation of oxygen
during the Maillard reaction has previously beeggasted [2, 3], most of studies spd&ethe
effect of oxygen on the generation of advanced ajlga end products during the Maillard
reaction.

299



Vu Thu Trang

1.6

=
(N

XTT reducibility
o
(o]

0 5 10 15 20
Heating time (min)

Figure 1. Effects of oxygen on the generation of AR in kaillard reaction of lactose.

The model solutions of lactose (127 mM) and butyter{15 mM) in a 20 mM phosphate buffer
(pH 6.7) containing 8.8 mgL-1 (solid line) and @§L-1 oxygen (dotted line) were heated at 300
(circle) and 120 °C (triangle) for 0 - 20 min. Da@ints represent means = SD of results obtained
from two independent experiments for each reactandition.

3.2. Effects of oxygen on the generation of Gal the Maillard reaction of lactose
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Figure 2 Effects of oxygen on the generation of D-galagetiosthe Maillard reaction of lactose.
The model solutions of lactose (127 mM) and butyter{15 mM) in a 20 mM phosphate buffer
(pH 6.7) containing 8.8 mgt(solid line) and 0.8 mgt oxygen (dotted line) were heated at 200

(circle) and 120 °C (triangle) for 0 - 20 min. Da@ints represents means + SD of results obtained
from two independent experiments for each reactandition.
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In previous study, we observed that Gal which vemméd during the formation of AR in
the Maillard reaction of lactose wagroduct of the cleavage of Amadori compoundhdf first
possibility was a major reason for the XTT redudibin the presence of oxygen, the formation
of Gal should not be significantly different in boaerobic and non-aerobic conditions. In
contrast with this hypothesis, as shown in Figsigjilar results to the formation of AR were
obtained from measurement the Gal formation: theeate of oxygen enhanced the generation
of Gal from the Maillard reaction at 168G and 120C by 23.48 % and 8.94 %. These evidences
indicated that the change in the XTT reducibilindahe Gal concentration was mainly the result
of a corresponding change during the procéske Maillard reaction by the presence of oxygen.

3.3. Effects of oxygen on the generation of the fh product in the Maillard reaction of
lactose

In the final stage of Maillard reaction, the brongiof the reaction solution is generated due
to low molecular weight colored compounds and timehigh molecular weight conjugated
chromophores, commonly referred as melanoidins. [E@jal products of Maillard reaction
(browning products) have been measured spectropiettizally as the absorbance at 420 nm
[11]. To investigate the effect of oxygen on theilMad reaction, we also monitored the
formation of melanoidins during heating. Figure [3ows the browning generated by the
Maillard reaction of lactose and butylamine at $0Cand 120C under aerobic and non-aerobic
conditions. At 100°C, although the formation of browning products wasgligible, there was
slightly increasedbrowning under non-aerobic condition during heattwmpared to that under
aerobic condition. The significant increagé the browning products under non-aerobic
compared to aerobic conditions was recognized 8t°C2 This result is in agreement with
literature data describing the acceleration of Mhllard reaction of glucose in non-aerobic
condition [2].
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Figure 3.Effects of oxygen on browning in the Maillard réan of lactose.

The model solutions of lactose (127 mM) and butyter{15 mM) in a 20 mM phosphate buffer
(pH 6.7) containing 8.8 mgt(solid line) and 0.8 mgt oxygen (dotted line) were heated at 200
(circle) and 120 °C (triangle) for 0 - 20 min.
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3.4. Reduction of oxygen in the model solution dumng heating

The concentration of oxygen in the model solutiefoke heating was 8.8 mgLAs shown
in Fig. 4, the dissolved oxygen was drasticallyucs! to 2 and 1.4 mgLafter 10 min heating
at 100°C and 120C, respectively. The reduction of oxygen contenmtridpthe Maillard reaction
suggested that oxygen might participatéhie Maillard reaction of lactose.
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Figure 4.Reduction of oxygen concentration in the modelisoh during heating at 10T (e) and
120 °C (A) for O - 20 min.

Several investigations have shown that the Maillaattion of disaccharides leads to the
formation of substances that are not known to dris® monosaccharides [9]. However, in the
present study, the effect of oxygen on the Maillegdction of lactose is in line with literature
describing the increas# the Maillard reaction products of glucose andtpse in the absence
of oxygen. Hayase et al. [2] suggested that oxydjennot affect the formation pathway to
Amadori compounds, but it might participatetie cleavage of the Amadori compound in the
presence of metals and alter the formation pathavdige final products. In phosphate buffer, a
trace of metal ion was present [12]. Kawakishi kt[82] also showed that the oxidative
degradation of the Amadori compound went throughpdexes with copper ion in the presence
of oxygen as an ion transportation [12]. Becausegtesence of oxygen inhibited the direct
modification of the Amadori compound, as a consaeqgeg the formation of the Maillard
reaction products was delayed in following staddsre recently, Litchfield et al. [3] also
presented that the browning of proteins by pentosesrs efficiently in the absence of oxygen
and in the presence of transition metal chelatarghe present study, the formation of AR and
Gal in the model solution containing oxygen at higincentration was also inhibited comparing
with that in the de-oxygen model solution. Fromstheesults, we can suggest that oxygen not
only affected the formation of the advanced ghwratnd products, but it alsdfected the initial
stage of the Maillard reaction of lactose. The hitton by oxygen in the formation of the
Maillard reaction products of lactose had not badficiently investigated. However, it could be
concluded that the participation of oxygen andaadrof metal in phosphate buffer could alter
the reaction pathway of the Maillard reaction. he tabsence of oxygen, AR and Gal were
directly generated from the cleavage of the Amadompound.
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4. CONCLUSION

The effect of oxygen on the Maillard reaction hagas received little attention, even though
there has been sporadic report on the increésihe Maillard reaction products under the
absence of oxygen. However, most of the investigatiaddressed the effect of oxygen on the
Maillard reaction in vivo, investigatingpe formation of the advanced glycation end prosloft
monosaccharides. The present study clearly indic#éitet the absence of oxygen indeed
accelerated the Maillard reaction of disacchariddeods from the early stage of the reaction by
using the model solution of lactose and butylamiithough the mechanism of the participation
of oxygen in the reaction is still unclear, thisding could contribute galuable knowledge to
food science and food manufacturing. It must be temjzed that the elimination of oxygen
reduces the oxidation of the food components dumagufacturing and storage; on the other
hand, it has an opposite effect on the acceleratiche Maillard reaction. During processing,
the manufacturer should should pay attentiorthé® participation of oxygen to receive the
highest quality and nutritive value of the finabgducts.
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TOM TAT
ANH HUONG CUA OXY TRONG PHAN UNG MAILLARD CUA LACTOZA
Vi Thu Trang
Khoa Céng nghsinh hoc va Thre phim, PH Bach khoa Ha Bi, 1 Bai Co Viét, Ha NS
Email: trang.vuthu@ hust.edu.vn

Nghién aru nay kho satanh hrong aia ham irong oxy hoa tan (DO) lén ph ung
Maillard cta lactose. Trong md hinh 4m lactose va butylamine, caénspham aia phan tng
Maillard nhr aminoreductone (AR), galactoza (Galy thanh trong Au da laai bo oxy la cao
hon dang K so i miu khong lai oxy. Mau nau ta niu da laai bo oxy xacdinh bang do hip
thu tai budc séng 420 nm, thhién sr tao thanh aa melanoidin, it sin prim cia phin tng
Maillard, ding cao kn so \6i trong mau khong lai oxy. Két qua nghién &u cho thy ndng do
oXy trong cac riu trong qua trinh gia néti & diéu kién nhiét khac nhau gim tuong ung Wi sy
hinh thanh cacas prim caa phan tng Maillard (AR, Gal va cacdp chit mau nau). &t qua
nghién cu cho tHy khi nghién ¢u ve phin ting Maillard trong tirc phim, khdng chi cin kiém
soat thanh pﬂrn bandau va diéu kién phin tng ma corcan quan tamdi ham krgng oxy co nit
trong thrc pram. Trong khi ci bién, cac nhaa xuit ciing can quan tamién ar c6 mit cia
oxy dé nhan dugc sin prim c6 gia tr dinh drdng va clat luong Ht nhat.

T khda: 6xy, aminoreductone, galactozaaplikng Maillard.
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