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ABSTRACT

To create a basis for the production of aminorezhei{AR) followed by the use of it as a
functional ingredient in food supplements, the &feof heating temperature, heating time,
buffer concentration and reducing sugar/amino camgdo ratio on the formation of
aminoreductone (AR), a product formed during th&aihstage of the Maillard reaction,were
investigated. In the model solution of lactose (2681) and butylamine (1.16 M) in 1.28 M
phosphate buffer (pH 7.0), AR formation increasadrd) the prolongation of the heating time
at heating temperature less than °@0an the heated model solution at 1MW the maximum
amount of AR was obtained as soon after 10 mireatihg time. After that, the decreases of the
AR formation was observed by the progress of thaacked reactions of AR. The rates of AR
formation increased with the increasing phosphatéfeb concentration. Moreover, the
increasing in AR formation incorporated in the gese of the butylamine/lactose ratio from 0.1
to 5. Our results might give more insight in thecdivery of Maillard reactions in food because
it suggested tendency of the AR formation and totrad the formation of AR during food
processing and model system base on the contnoitiad constituents and reaction conditions.
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1. INTRODUCTION

Maillard reaction, a common reaction between reuycugars and amino compounds,
occurs in the processing and storage of food. Btdilteaction is extremely important to create
the desirable and unique flavors for food prodyits2]. The Maillard reaction also causes
problems due to the generation of loss nutriemproducing some disadvantage substance for
human health. Since the Maillard reaction direaffects on the quality of food products,
research on Maillard reaction is always one of i@st concern of the food scientists in the
world.

The formation of aminoreductone (W¥(N%-acetyllysinyl)]-1,2-dehydro-4-deoxy-3-
hexulose) in the initial stage of the Maillard riéac was first reported by Pischetsrieder et al.
(1998) in a heating solution of lactose adacetyllysine [3]. This group also emphasized an
anti-hypertensive and antioxidant activity of AR].[4Jkeda et al. proposed an assay for
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determining an ability of milk to reduce a tetraani salt XTT (2,3-bis[2-methoxy-4-nitro-5-
sulfophenyl]-H-tetrezolium- 5-carboxanilide) (XTT) as a methockwghluating the extent of the
Maillard reaction [5]. It was also shown that ARpish was formed during the Maillard reaction
in a model solution of lactose and butylamine, wasnly responsible for the reducibility of
XTT [4]. Compared to the previously reported sushtee quantification of hydromethylfufural,
lysine etc, the XTT assay is a rapid and convemigthod and this method was quickly applied
in Japanese milk factory. Since the formation of W& obtained as an indicator for the extent
of the Maillard reaction, the discovery about tleéerand characteristic of AR should be an
interesting topic for food scientists. So far, ami@idant activity [3], and an antimicrobial
activity againstelicobacter pylori a Gram-negative bacilli of AR were reported [6].

In the field of food technology, food scientistslgsroducers always consider many factors
that can contribute to a good and health beneficiaducts. Since foods containing AR might be
valuable sources as antioxidative, antihypertensigeadients [3, 7], and the protective ability
of AR on riboflavin photo-degradation, this is thigggestion to concern about using AR as a
functional ingredient in food and to control therf@tion of AR in food product.t&dy
the effects of factors such as heating temperatndetime, buffer concentration and the ratio of
lactose/amino compound concentration on the foonadf AR in the model solution has been
conducted.

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 lhgocedures.

2.2. Establishing the model solution of reducing giar and amino compound

The solutions containing lactose and butylamingewased as a model system of the
Maillard reaction of lactose (model solution). Teelutions were prepared according to the
previous report [4]. Briefly, lactose monohydrat27 mM) and butylamine (0 - 635 mM) were
dissolved in 1.28 M phosphate buffer (pH 7.0). Tbacentration of sugar was set to the value
based on that of lactose in milk [5]. Also, the mbdolution containing lactose monohydrate
(127 mM) and butylamine (15 mM) in 20 mM phosphltéfer pH 6.7 was used as the model
sample of milk system. The butylamine concentrati@s adjusted so as to be almost the same
amino group concentration as that of the primarinargroup of casein in milk [5].

2.3. XTT assay procedure

The formation of AR in heated model solutions antksrwas determined using the XTT
assay, performed in a 96-well microtiter plate adtw to the method described by Shimamura
et al. [4]. Each well contained . of 0.5 mM XTT prepared with 0.2 M potassium phiosfe
buffer (pH 7.0) saturated with menadione. Sample () was added to the well and, after
mixing in a microplate shaker at a speed of 500 @5 sec, 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 roanp&ature, the difference in absorbance was
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again read and the increase in the absorbanceewasled as the ability of a sample to reduce
XTT (XTT reducibility).

All assays were performed at least in duplicatethedesults are shown as average values.

3. RESULTS AND DISCUSSION
3.1. Effect of heating temperature and time on théormation of AR

In an attempt to control the formation of AR in fb@rocessing and to optimize the
producing conditions of AR, we investigate the etfi$eof factors such as heating temperature,
heating time, buffer concentration and the ratidastose and amino acid on the formation of
AR in the Maillard reaction.
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Figure 1. The effect of heating time and heating tempeeatur the formation of AR

The model solution of lactose (262 mM) and butylan(1.16 M) in 1.28 M phosphate buffer (pH 7.0)
were heated at 80°G¥), 90°C (@), and 100°C A) for 0-25 min.

In our previous studies, it was already clarifiéchttthe reduction of XTT was mainly
caused by AR formed in the Maillard reaction ofttee and butylamine [4]. Thus, the XTT
reducibility of the Maillard reaction of model sthn lactose and butylamin heated at
80 — 100 °C for 0 - 25 min was evaluated. As casdmn in Fig. 1, AR could be detected in the
heated model solution and considerable increaskeeirXTT reducibility was dependent on the
heating time and temperature. In addition, at higamperatures, a more rapid increase of AR
was notedIn the model solution of lactose (262 mM) and batyine (1.16 M) in 1.28 M
phosphate buffer (pH 7.0), AR formation increasadrd) the prolongation of the heating time
at heating temperature less than 200 During the heating at 100 °C for 15 min, the XTT
reducibility increased to 27 in value, while it whg and 3 in values at 90 °C and 80 °C for
25 min, respectively. Ukeda et al. [5] and Shimearet al. [8] pointed out that AR formed by
the Maillard reaction of lactose and amino compaurid the heated model solution at @)
the maximum amount of AR was obtained as soon &flemin of heating time. After that, the
decreases of the XTT reducibility was observedrduthe prolongation of the heating time.
These might be referred to the progress of the rambdareactions of AR that commonly take
place in the complicated sequences of the Mailf@attion during heating [3]. Our finding
supported the presumption of previous reportsAfatvas formed in early stage of the Maillard
reaction. Thus, AR can be obtained at maximum amoualy in the initial stage of Maillard
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reaction. The study suggested the food technoldgidmd the suitable heating conditions for
producing food abundant of AR.

3.2. Effect of buffer concentration on the formatim of AR

Buffer agents were added in many diverse food tarobthe pH of the system [7Limited
data exist on the effects these buffers have oM#ibtard reaction and the formation of AR. To
find out the suitable condition and to establisé good model solution for the producing of AR
in the future study, the effect of phosphate butfancentration on the formation of AR was also
investigated. The formation of AR was evaluatedphosphate buffer solutions of various
concentration at pH 7 and 9G. As showed in Fig. 2, the rates of AR formatinareased with
the increasing phosphate buffer concentration.cbimeentration of AR in heated model solution
at 2 M of buffer concentration was 2 times highentat 0.04 M of buffer concentration. Similar
observations about the increase in the Maillarcctiea rate with the increasing of buffer
concentration was also presented. In line withresults, Bell reported that the rates of glycine
loss and browning increased with increasing phaspbaffer concentration [7]. The results
obtained in our study indicated that the phosphaten should be a catalytic compound for the
production of AR.

50

XTT reducibility
N w H
o o o

=Y
o
T

o
$

0 5 10 15 20
Incubation time (min)

Figure 2 The effect of buffer concentration on the formatadAR

The model solution of lactose (127 mM) and butylan(15 mM) in 0.04 M«); 0.5M (A); 1 M (m)
and 2 M ¢) phosphate buffer (pH 7) was heated at®®or 0 - 20 min.

3.3. Effect of reducing sugar/amino ratio on the fonation of AR

In the system containing reducing sugar and amampounds, the Maillard reaction always
accompanies with the isomerization/degradationtima®f sugar. Thus, we proposed that the
ratio of sugar/amino concentration might affecttbe formation of AR during heating. It was
tried to determine changes in AR formations whee tatios of lactose/amino group
concentration in the model solution before heatiege altered. As showed in Fig. 3A, at the
same amount of lactose and the same heating camditihe increasing in AR formation
incorporated in the increase of the butylaminedsetratio from 0.1 to 5. In the model solution
containing abundant amount of butylamine, the maximamounts in the XTT reducibility
values were obtained as soon after 10 min of tldirigetime (Fig. 3B). These might be referred
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to the progress of the advanced reactions of ARdbmmonly take place in the complicated
sequences of the Maillard reaction during heatBjaafter all the reducing sugar was taken part
in the initial stage of the reaction. Thus, basedoar results, it can be postulated that the
formation of AR closely depends on the ratio otdége and amino compounds concentration in
the solution before heating.
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Figure 3.The effect of reducing sugar/amino ratio on therfation of AR at 108 (A) and 120°C (B).
Lactose (127 mM) and butylamine®( 12.7 mM;o: 15 mM; O: 31.75 mM;A: 63.5 mM;<>: 127 mM;

A 317.5 mM;*: 635 mM; -: 0 mM) in 1.28 M phosphate buffer (pH)?

4. CONCLUSION

On the basis of our results, the formation & Avas closely depends on heating time,
heating temperature, buffer concentration and #i® rof reducing sugar/amino compound
concentration. Furthermore, the obtained resulighingive more insight in the discovery of
Maillard reactions in food because it suggesteddrny of the AR formation and to control the
formation of AR during food processing and modestsypn base on the control of initial
constituents and reaction conditions. The studsitesea basis for the production of AR followed
by the use of AR as a functional ingredient in faagbplements. In the following studies, the
optimization producing conditions of AR by usingetmodel solution of reducing sugars and
amino compounds will be performed.
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TOM TAT

ANH HUONG CUA CAC YEU TO BPEN SU TAO THANH AMINOREDUCTONE TRONG
PHAN UNG MAILLARD

Vii Thu Trang, LAm Xuan Thanh

Vién Céng ngh sinh lvc va Cong nghthyc phim, Treong Pai hoc Bach khoa Ha bl

"Email: thutrangvu1981@yahoo.com; trang.vuthu@ hust.edu.vn

Dé tao o s cho qué trinkdiéu ché aminoreductone (AR) varsdung AR nhr thanh phn
chirc ning b sung vao thc phim, ching téi nghiénis anh hrong aia cac gu t nhr 1a nhigt
do, thoi gian gia nhét, ndng do dung dch dém va 1 1é duong khi/amino axit trong dungidh
bandiu i su tao thanh AR trong pin tng Maillard. Trong mé hinh pin tng aia lactoza (262
mM) va butylamin (1,16 M) trong 1,28 M dungct dém phbt phat (pH 7,0)¢ nhiet d6 gia
nhiét thap hon 100°C, ham trong AR to thanh ing 1én trong sbt quéa trinh gia nigt. Tai
100°C, lrgng AR dat cuc dai ngay sau 10 phat gia réti Tiép d6, lwong AR trong dung ith
giam din do cac qué trinh @h Gng tiép theo @a chi phan tng Maillard. Toc d¢ tao thanh
AR ting khi rong do dung dch dém ting. Thém vaao, ham {rong AR to thanh ing lén cling
Vvé6i sy tang 1&én @a t 1& vé ndng do butylamin va lactozart0,1dén 5. Két qua nghién ¢u aia
chang t6i c6 th cung ép cai nhin sauis hon trong nghién @u V& phan tng Maillard trong
thyc phim vi né cho thy xu hréng aia sy hinh thanh AR. Kt qua nghién &u ding gitp kém
soéat & tao thanh AR trong qué trinh &tién thec phim va xay @ng mé hinh p#n tng dra
trén viéc kiém soat Bng do cac thanh pin bandau vadiéu kién phan ung.

Tir khoa phan ang Maillard, aminoreductoniéu kién gia nhét.

708



