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Abstract

Equal portions of a Maillard-type browning mixture (0.2 M glucose+0.2 M glycine), heated
at 100°C for 12hr, were extracted with the same amounts of eight solvents, respectively.
The extracts were then dissolved in equal amounts of an edible soybean oil, and the result-
ing substrates and a portion of .the soybean oil (Control) were stored in an incubator kept
at 45.0--1.0°C for three weeks. Peroxide values and TBA values of Control and the subst-
rates were determined regularly during the storage period.

The POVs of Control and the substrates containing acetone, benzene, chloroform, ethanol,
diethyl ether, methanol, methylene chloride, and petroleum ether extracts after 12days of
storage were respectively 60.0+3.6, 31.9%0.9, 37.6+2.2, 48.1+1.1, 11.94£1.3, 4.8510.4,
11.5+1.0, 45.3+0.3, and 43.3+4.2m. mole/kg o0il. The TBA values after 16 days of storage
were respectively 0.28+0.02, 0.20%0.01, 0.21+0.01, 0.26%0.03, 0.1640.02, 0.2820.02,
0.17-+0.01, 0.33-+0.05, and 0.31:40.02.

The induction periods (arbitrarily taken as the time in hours for a substrate to reach a
peroxide value of 30 m. mole/kg 0il) of Control and the substrates were respectively 193, 280,
252, 220, 478, 229, 455, 217, and 214 hr.

The antioxidant activity of each extract estimated on the basis of the length of the induc-
tion periods was, in decreasing order, as follows; ethanol>methanol>acetone>benzene>
diethyl ether>>chloroform, pertroleum ether, methylene chloride.

also the nutritional values of the products. It has

Introduction also been frequently reported that heat-processed
products demonstrated increased stability against

Non-enzymatic and especially Maillard-type bro- the rancidity development of the productst~®,
whning reactions occurring in heat-processed food The active antioxidants in heat-processed prod-

products affect not only the color and flavor, but ucts or in Maillard-type browning mixtures have
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been assumed to be reductonest!:%»>~®, Evans ef
al®®, Cooney et alV, and Yamaguchi'® reported
that aminohexose-reductones or amino-reductones
showed considerable antioxidant activity. On the
other hand, Kirigaya ef a/®3~', Yamaguchi ef
al¥%1D, and Pokorny ef alU'® reported that high mol-
ecular weight brown pigments, i.e., melanoidins,
which had been formed at the later stages of br-
owning reactions, showed strong antioxidant acti-
vity. The nature of the antioxidants produced in
Maillard-type browning reactions has not been
well established. Antioxidant activity of browning
products of hydroxyacetone, xylose, and glucose
and 13 amino acids was investigated®, The anti-
oxidant activity of 11 compounds known to be
intermediates of Maillard-type browning reactions
has been recently studied®®,

Some researchers used a portion of a Maillard-
type browning mixture directly for the investiga-
tion of the antioxidant activity of the mixture!®
1, QOthers:%1%20,2D yged acetone or ethanol ext-
racts of Maillard-type browning mixtures. Lee ef
al® reported that both absolute ethanol and 90%
ethanol extracts of a Maillard-type browning mix-
ture possessed comparable activity. Methylene ch-
loride extracts of a Maillard-type browning mix-
ture was lately shown to have antioxidant activity
¢, Burton ef al®® separated ether, cyclohexa-
none, pztroleum ether, and methanol soluble ext-
racts from a glucose-glycine browning mixture, but
they did not test the antioxidant activity of the
extracts. Yamaguchi e a/® reported that ethanol
and acetone extracts of biscuits and cookies show-
ed the strongest antioxidant activity among the
solvents tested (benzene, ether, chloroform, acet-
one, ethanol, and ethyl acetate).
attempt seemed to have been made to compare the
effects of various solvents on the antioxidant activi
ty of extracts of Maillard-type browning mixtures.

However, no

In the present study, an attempt was made to
determine the effects of various solvents on the
antioxidant activity of the extracts obtained from
a Maillard-type browning mixture. Eight typical
polar and non-polar solvents were selected and

used for the study.
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Materials and Metheds

Substrate used for measurement of antioxidant

activity

A refined edible soybean oil (a commerical pro-
duct) was used as substrate in this study. Some

of the chemical properties of the soybean oil were

as follows:
Peroxide value(POV) 1.9+0.2
Thiobarbituric acid value 0.12+0.01
Acid value (AV) 0.42+0.08
Saponification value (SV) 192.1
Jodine value (IV) 116.1-+1.3

The peroxide and thiobarbituric acid values of
the oil were determined respectively by Wheeler’s
method® and the method described by Sidwell
ef al®®. The determination of the acid value
was carried out by the method described by
Triebold and Aurand“?,
and jodine values were measured by the method
reported by Pearson®® and by the A.0.A.C.-Wijs

method®®,

while the saponification

Preparation of extracts of a Maillard-type bro-

wning mixture

A 0.2 M equimolar mixture of glucose and gly-
cine was introduced into a 1/ flask with a reflux
conde nser, and heated at 100°C for exactly 12 hr.
A 10mi portion of the browning mixture was ex-
tracted five times with 20 m/ portions of a solvent
used in this study and the extracts were combined.
The combined extracts was first dehydrated with
anhydrous Na;SO; for 12 hr, and then concentrated
with a rotary vacuum evaporator held at 45.0+
1.0°C. A residue thus obtained was again extracted
with a 20 m/ portion of the solvent and the extract
was made exactly to 30mi. The solvents used were
acetone, benzene, chloroform, diethyl ether, ethan-
ol (anhydrous), methanol, methylene chloride,

and petroleum ether.

Determination of antioxidant activity of the

exiracts
Ten ml of each extract was added to 210g of
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"the soybean oil and the mixture was thoroughly
" mixed. After the removal of the solvent on water
bath, the mixture was divided equally into three
Petri dishes (diam. =9.4+0.1¢m, height=1.7+0.1
<m), and was taken as substrate. A substrate, in
3 Petri dishes, containing the acetone extract was
designated as Acetone, and a substrate containing
the benzene extract as Benzene, and so on (cf.
“Table 1), Similarly, 210 g of the soybean oil with-
out any extract was divided into 3 Petri dishes, and
was taken as Control. Control and the substrates
were stored in an incubator kept at 45.0-+1.0°C for
three weeks, and peroxide®® and TBA values®® of
‘Control and the substrates were determined regu-
larly.

Induction periods of Control and the substrates
‘were determined graphically from peroxide value
-time curves. An induction period was taken as
the time expressed in hours for a substrate to rea-
ch a peroxide value of 30 m. mole/kg oil. The anti-
oxidant activity of each extract was estimated
<hiefly on the basis of the length of the induction
periods of Control and the substrates. POV and
‘TBAvalue development of Control and the subst-

rates were also taken into coasideration.

Rasults and Discussion

Variations of peroxidz values during the ster-

age period

Variations of p=roxide valuss (POVs) of Control
and the substrates during the storage period wers
shown in Fig. 1 and 2. The POVs of Control in-
<creased very rapidly at the earlier stages of the
storage period. The rate of paroxids format'on rea-
<ched a maximum value ca. 8 days after the sto-
rage expzriment had begua, and thsn decreaszd.
It appears that the rate of hydropzroxide destruc-
tion. i.e., the rats of further oxidation of accu-
mulated hydropsroxides became sufficiently greater
after 8 days to reduce the net increase in the rate
Privett et al/¢®

in their study of autoxidation of ;methyl linoleate

of peroxide formation. reported
that at constant temperature the rate of oxidation
of the accumulated hydroperoxides depended on
their concentration. On the other hand, the POVs
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of the substrates increased more slowly and steadi-
ly throughout the experimental period. The sub-
strates containing the ethanol and methanol ex-
tracts showed the slowest increase in peroxide value
among the substrates.

The POVs of Control and the substrates contain-
ing acetone, benzene, chloroform, ethanol, diethyl
ether, methanol, methylene chloride, and petroleum
ether after 12 days of storage were 60.3+3.6, 31.9
+0.6, 37.6+2.2, 48.1+1.1, 11.9+1.3, 48.5+0.4,
11.541.0, 45.3+0.3, and 43.3744.2, respectively.
The POVs after 16 days of storage were 72.2-+5. 2,
46.51+0.1, 55.740.7, 63.742.4, 20.44+0.7, 56.8+
2.9, 22.8+3.0, 64.2+1.3, and 54.2+7.7. On the
basis of the comparison of POV development of the
substrates with that of Control, all the extracts
seemed to possess antioxidant activity.

Induction periods of control and the substrates

An induction period of a substrate in this study
was taken arbitrarily as the time in hours for the
substrate to reach a peroxide value of 30 m. mole/
kg oil, and obtained graphically from Fig. 1 and
2. Koo et al®®V used, in their study on the effects
of various light on a soybean oil substrate, an in-
duction period for a peroxide value of 15 m. mole/kg
oil. The induction periods of Control and the sub-
strates containing acetone, benezene, chloroform,
ethanol, diethyl ether, methanol, methylene chlo-
ride, and petroleum ether extracts were 193, 2890,
252, 220, 478, 229, 455, 217, and 214, respectively
(Table 1). It was noteworthy that while the sub-
strates containing acetone, benzene, chloroform,
diethyl ether, methylene chloride, and petroleum
ether possessed the induction periods ranging from
280 to 214 hr, the substrates containing ethanol
and methanol extracts demonstrated far greater

induction periods of 478 and 455 hr,

Variations of thiobarbituric acid values during

the storage period

Variations of the TBA values of Control and the
substrates during the storage period were shown
in Fig. 3 and 4. Except the substrates containing
chloroform,

methylene chloride, and petroleum

ether extracts, other substrates showed lower
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TBAvalues than Control throughout the Aperiod.
As in the case of the POV variations, ~thel sul‘nf;t»
rates containing ethanol and methanol extraﬂc_ts
demonstrated by far the lowest TBA values th-
roughout the period, The substrate containing the
acetone extract also exhibited cpnsiderably Tower
TBA values than Control. The TBA values of Con-
trol and the substrates containing acétone, benz-
ene, chloroform, ethanol, diethyl ether, methénol,
methylene chloride, and petroleumn ether extracts
after 8 days of storage were 0.21-+0.02, 0. .14i0.'03,
0.1940.03, 0.24%0.01, 0.08+0.01, 0.202-0.04,
0.10+0.01, 0.2810.04, and0.2610.01, respective-
ly. The TBA values of Control and the substrates
after 16 days of storage were 0.284-0.02, 0.20+
0.01, 0.21:+0.01, 0.26+0.03, 0.16+0.02, 0.28+
0.02, 0.17+0.01, 0.33+0.05, and 0.3140.02, respe-
ctively.

The TBA value development of the substrates
was generally in agreement with the POV develop-
The subst-
rate containing the petroleum ether extract showed
slightly higher TBA values than Control throughout
the storage period. It appears that the petroleum
ether extract did not contain those compounds which

ment except a few anomalous cases.

were effective in retarding the formation of malon-
aldehyde described by Sinnhuber ef a/¢*® and other

Table 1. Induction periods’ of Control and soy-
bean oil substrates containing equal
amounts of various extracts obtained
from a Maillard-type browing mixture®

Sample Induﬁfi%%ul;irmd
Control 193
Acetone 280
Benzene 252
Chloroform 220
Ethanol 478
Diethyl ether 229
Methanol 455
Methylene chloride 217
Petroleum ether 214

1) The time required for .a substrate to reach a
peroxide value of 30 m. mole/kg oil.

2) Equal portions of the browning mixture were
extracted with eight solvents respectively.
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compounds®3 responsible for color develop-
ment. The higher TBA values of the substrates
containing chloroform and especially methylene
chloride are hard to explain. They might have
been caused by the interference of these chlorine con-
taining solvents with colored complex formation in
the TBA determination. The chlorine containing
solvents might have caused increased formation of
colored complex counteracting the action of anti-
oxidant compounds extracted with these solvents.
Dahle et al®5 reported that TBA color and diene
conjugation were essentially linear in relationship
throughout the whole course of oxidation of poly-
and that S-r-
unsaturated hydroperoxides could be precursors
of cyclic peroxides and of malonaldehyde. It is

unsaturated fatty acid esters,

also possible that these solvents might have facili-
tated the production of malonaldehyde and other
Paik et al¢®
reported that methylene chioride extracts of a glu-

precursors of the TBA reactions.
cose-ammonia browning mixture demonstrated
lower TBA values than the control in a rapeseed
oil substrate. However, the comparison of the re-
sults with each other seems not so easy, since the
control used in the above report had been treated
with a small amount of “blank” methylene chlo-
ride, while the control in the present study was
not treated with any solvent. In other respects,
the pattern of the TBA value development of
Control and the substrates was very similar to
that of the POV development.

Comparison of the antioxidant activity of the

extracts

Although there were a few exceptions, the anti-
oxidant activity of each extract estimated on the
basis of POV and TBA value development of Con-
trol and the substrates was generally in agreement
with that based on the length of the induction
periods of Control and the corresponding substrates,
The antioxidant activity of each extract based on
the length of the induction period was, in decr-
easing order, ethanol>methanol>>>>acetone>be-
nzene>diethyl ehter>chloroform, methylene chlor-
ide, and petroleum ether.
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Fig. 3. Variations of TBA-values” of soybean
oil substrates® containing equal amounts
of various solvent-extracts obtained from
a Maillard-type browning mixture
1) TBA values were dstermined by the

method described by Sidwell et al.
2) All the substrates were stored in an
incubator kept at 45.0+1.0°C,

TBA~valun

Tire in  Days

Fig. 4. Variations of TBAvalues? of soybean.
0il substrates® containing equal amounts
of various solvent-extracts obtained from
a Maillard-type browning mixture
1) TBAvalues were determined by the

method described by Sidwell et al.
2) All the substrates were stored in an
incubator kept at 45.0£1.0°C.

Yamaguchi et al‘® reported that ethanol and
acetone extracts of biscuits and cookies demonstrat--

ed the strongest antioxidant activity among the
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six different solvent-extracts in a lard substrate.
Although direct comparison of the above result
with those of the present study may not be poss-
ible, there is no doubt that ethanol and methanol
and, to a lesser extent, acetone were the most
-effective solvents among the eight solvents for
the extraction of the antioxidant compounds pro-
«duced in the Maillard-typs browning reaction.
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