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Abstract

The antioxidant activity of ethanol-extracts (M-2 and M-30), which had been obtained
from a Maillard-type browning mixture after 2 and 30 hr browning, and BHA, BHT, TBHQ,
and ascorbyl palmitate was investigated in soybean oil and soybean oil-water emulsion
systems. The activity of the extracts and antioxidants was estimated by comparing the POV
and TBA value development of the corresponding substrates with that of controls. The
substrates and controls were stored at 45.0-+0.5°C for 25 days.

The activity of the extracts (10 m! each) and antioxidants (0.02%) based mainly on the
POV development of the corresponding anhydrous substrates was, in decreasing order, as
follows :

As. palmitate, TBHQ > M-30, M-2 > BHT, BHA
The activity of the extracts and antioxidants in the oil-water emulsion substrates was, in
decreasing order, as follows :

As. palmitate > M-30, M-2 > BHT, TBHQ, BHA .

The activity of the extracts appeared to be more effective in the oil-water emulsion system
than in the anhydrous system, and it was greater than that of the phenolic antioxidants such
as BHA, BHT, and TBHQ in tke oil-water emulsion system.

physical forms: liquid forms such as vegetable oils,

Introduction plastic forms such as lard, tallows, or shortening,

or emulsion forms such as margarine, butter,

Fats and oils in food occur in a variety of mayonnaise, meat, and meat products, Behaviors
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of antioxidants in complex food systems will
certainly be different from those in pure fats and
oils.

Both butylated hydroxyanisole (BHA) and butyl-
ated hydroxytoluene (BHT) have been widely used
because of their effectiveness®®, low cost, and
ready availability despite the fact that their toxi-
city in higher doses in experimental animals has
been well-known'®, Tertiarybutylhydroquinone
(TBHQ) has been reported by many workers >
effective in crude oils and fatty foods. Feeding
tests and comparative bicchemical studies appear
to indicate TBHQ safe for fecd use'™. Ascorbyl
palmitate has also been used as food antioxi-
dant®,

Effectiveness of propyl gallate, lauryl gallate,
alpha-tocopherol, BHA, and NDGA (0.005% by
weight) on beta-carotene oxidation was tested by
Lehman® in pure dry lard and the same lard in
contact with an aqueous solution. The effectiveness
in the dry lard was, in decreasing order, NDGA,
BHA, PG, lauryl gallate, and alpha-tocopherol. In
the lard in contact with the aqueous solution,
NDGA was less active and BHA was most effective
among the antioxidants tested.

It is well-known that Maillard browning reaction
products possess significant activity in various
fats and oils, or fatty food products?®'®. The
activity of Maillard browning reaction products
in an anhydrous oil system has been compared
with that in an oil-water emulsion system®®.
However, there has not been much work on the
comparison of the activity of the browining
reaction products with that of some representative
commercial antioxidants in anhydrous oil and oil-
water emulsion systems,

Therefore, in the present study, an attempt was
made to compare the antioxidant activity of etha-
nol-extracts of a Maillard browning reaction
mixture with that of commerial antioxidant BHT,
BHT, TBH, TBHQ, and ascorbyl

anhydrous oil and oil-water emulsion systems.

palmitate in
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Materials and Methods

Materials

The results of some chemical analyses of the
commercial edible soybean oil which had been used
as the anhydrous substrate and as the oil ingre-

dient of the emulsion substrate are as follows :

Peroxide value 0.3%0.1
Thiobarbituric acid value 0.0320.01
Free fatty acid value 0.23=-0.04
Iodine value 123.0+-1.1
Saponification vaue 189.0

Refractive index 1.4725 (at 25°C)

The peroxide value was determined by the
A.0.C.S. method*® and expressed as wieq perox-
ides/kg oil. The thiobaraituric acid and free fatty
acid values were determined by the methods descr-
ibed by Sidwell et al?” and by Triebold and
Aurand“® respectively. The iodine value and sapo-
nification values were estimated by the A.0.A.C.-
Wijs method*® and the method described by
Pearson®, The refractive index was measured
with an Abbe refractometer (No.16093 Model, Erma
Optical Co., Japan).

The synthetic antioxidants used in this study
were butylated hydroxyanisole (BHA, Ueno Phar-
maceutical Co., Japan), butylated hydroxytoluene
(BHT, Ueno Pharmaceutical Co.), tertiary-butyl
hydroquinone (TBHQ, Eastman Chemical Products,
Inc., USA), and ascorbyl palmitate (Hoffman La
Roche Co., Ltd., Switzerland).

The emulsifiers used were Tween 80 and Span
80 (Wako Pure Chemical Co., Japan).

Preparation of ethanrol-extracts of a Mail-

lard browning mixture

A 0.2 equimolar mixture of glucose and giycine
was introduced into a 1000 ml flask fitted with a
reflux condenser, and heated at 106°C. A 10 !
portion of the browning mixture was withdrawn
respectively at 2 and 30 hr after the heating had
started. Each portion was transfered into a small
flask and extracted several times with abs. ethanol.
The extracts were combined and the combined

extracts for each portion were dehydrated with
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anhydrous Na,SO,, filtered, cooled at 4°C, and then
filtered again. The filtrates were concentrated and
the concentrated extracts were made respectively
to 10 m! with abs. ethanol.

Preparation of anhydrous soybean oil sub-

strates

A small amount of each antioxidant was dissol-
ved in 10w/ of abs. etanol and the ethanol solution
was added to a 210 g soybean oil. The solvent was
removed from the oil on a water bath. The S0y~
bean oil substrate was then equally divided into
three parts in Petri dishes and stored in an incuba
tor kept at 45.0+0.5°C for 235 days. The final con-
<centration of each antioxidant in the soybean oil
sustrate was (.02 percent by weight. The substrates
with the antioxidants and ethanol-extracts were
termed respectively BHA, BHT,TBHQ, As. palmita-
te, M-2, and M-30. The substrate without any add-
ed antioxidant or extract was used as a control.

Preparation of soybean oil-water emulsion

substrate

A stable oil-water emulsion (oil: water=50: 45
by weight) with a small amount of an emulsifier
mixture (5% by weight, Span 80: Tween 80=230:
70). was prepared. The emulsion was prepared
first by blending the oil with Span 80, and then
by adding this mixture to the water mixed previ-
ously with Tween 80*", The emulsion contained
0.2 percent sodium dehydroacetate as preserv-
ative'®, The emulsification was carried out in a
cell homogenizer (8000 rpm for 3 min). Ten ml
-ethanol solutions of each antioxidant and ethanol-
extract were added respectively to 500 ml of the
-emulsion and the solvent was removed. Each 500 m!
emulsion was divided equally into two parts in 250
ml Erlenmeyer flasks. The f{inal concentration of
ezch antioxidant was (.02 percent by weight. The
-emulsion substrate without any antioxidant or
-extract was used as a control. These substrates were
-also termed respectively BHA, BHT, TBHQ, As.
palmitate, M-2, and M-30. The emulsion substrates
including the control were stored in an incubator
kept at 45.04-0.5°C. for 25 days.

Emulsion stability test

Stability of emulsions with various composition

was evaluated by the procedure reported by Acton

and Saffle®**?®,
method of Titus?*®,

sion sample can be determined from the variation

which was a modification the

Stability rating for an emul-

of percent moisture contents of the sample utilizing

the following equation.

Stability rating (SR)= 100~ Mees:

100 — Minitia * 100

where
Mi...=the percent moisture content of the
sample after 24 hr
Miaiia=the initial moisture content of the

sample

Determinatin of antioxidant activity

The activity of each antioxidant and extract was
estimated by comparing the POV and TBA value
development of the corresponding substrates with
that of the control The POV and TBA values
were determined respectively by the A.O0.C.S.
method!® and the method of Sidwell et alt!®,

In case of the soybean oil-water emulsion subs-
trates, 50 ml of each substrate was taken into a
250 ml flask, and the oil in the substrate was
extracted with petroloeum ether (B.P. 35~45°C).
A small amount of anhydrous Na,SO, was added
to the extract and the extract was filtered. The
solvent was removed from the filtrate and the
resulting oil was used for the determination of POV
and TBA values.

Relative effectiveness of the antioxidants

and extracts

To facilitate the comparison of the effectiveness
of the antioxidants and extracts with one another,
arbitrary induction periods were determined for
the anhydrous oil and oil-water emulsion substra-
tes of each antioxidant and extract. Since the
POVs of the substrates containing As. palmitate
and TBHQ did not increase appreciably during the
storage period, the induction period was taken
arbitrarily as the time in hour required for a
substrate to reach a POV of 20 meg/kg oil.

The relative antioxidant effectiveness of the an-
tioxidants and extracts in the anhydrous oil and
oilwater emulsion substrates was calculated by the

following equation.
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Relative antioxidant effectiveness (RAE)

Induction period of antioxidant or extract
in the anhydrous or emulsion substrate

= - - - X100
Induction period of control in the same

type of substrate

Results and Discussion

Emulsion stability

The results of the emulsion stability test are
shown in Table 1, The emulsion which had con-
sisted of 50% oil, 45%
mixture was very stable, as can be expected from
the Table.

stability seemed to have no direct relationship to

water, and 5% emulsifier

It was also found that the emulsion

the HLB values of the emulsion systems tested.
Titus et al®® and Acton and Safe‘*® have repor-
ted that the fat contents of emulsion systems have
greater effects on the emulsion stability than the
percent contents of the emulsifiers used or the HL.B
values of the systems. In the present study, an
emulsion system (oil content: 50%) with an HLB
value of 11.8 (emusifier content: 59;) was used
because an oil-in-water type emulsion was desired.

Antioxidant activity of the antioxidants and

extracts in the anhydrous substrates

The results of the POV determination of anhyd-
rous substrates and the control are shown in Fig. 1
and 2. The POVs of all the substrates increased
continuously during the storage period, but they
were significantly lower than those of the control

throughout the storage period.
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The POVs of the anhydrous soybean oil substr-
ates, i.e., BHA, BHT, TBHQ, As. palmitate, M-2,
M-30, and the control after 10 day storage were
respectively 1.940.1, 2.240.1, 1.3%0.1, 0.910.2,
1.7=0.2, 1.6+0.1, and 5.1+0.1. Those after 25
day storage were 22.9+0.3, 17.3% 0.1, 4.5%0.1,
4.0-0.2, 14.91£0.3, 12.47%1.0, and 75.010.4,

Storags Time in Days

Fig. 1. Variations of peroxide values of an-
hydrous soybean oil substrates with
storage time in days

Table 1. Stability rating® of soybean oil-water emulsion systems with

different compositions and HLB values

Emulsifier mixture

Percent soybean oil (by weight)

(5% by weight) HLB® —_—
Tween 80/Span 80 30 45 50 60 75 90
10/90 5.4 - 99 100 101 101 99
30/70 7.6 — 100 100 100 101 99
50/50 9.7 — 99 100 99 — 102
70/30 11.8 97 100 100 100 100 —
90/10 13.9 — 99 100 100 — —

(1) Stability rating was determined by the method described by Acton and Saffle®®®*.

(2) HLB aixtare as=(%A)(HLBAL)+(2%B)(HLB;)*®
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Fig. 2. Variations of peroxide values of anhyd-
rous soybean oil substrates with storage
time in days

The antioxdant activity of BHT, based on the
POV development of the substrates, was initially
similar to that of BHA, but it became slightly
greater than that of BHA at the end of storage
period. Both TBHQ and ascorbyl palmitate showed
the strongest activity among the antioxidants and
extracts tested. Both ethanol-extracts of the Mail-
demonstrated
activity than BHA or BHT, but weaker activity
than TBHQ or As. palmitate.

Variations of the TBA values of the substrates

lard reaction mixture stronger

and control during the storage period are shown
in Fig. 3 and 4. The TBA value development of
the substrates were generally in good agreement
with the POV development.

The TBA values of the anhydrous soybean oil
substrates, i.e., BHA, BHT, TBHQ, As. palmitate,
M-2, M-30, and the control after 10 day storage
0.0620.0001, 0.057=0.001,
0.037-£0.001, 0.0514-0.001, 0.05230.001, 0.039+
0.001, and 0.08810.0001. Those after 20 day
storage were (.098+0.001, 0.074-0.001, 0.051-f:

were respectively

Fig. 3. Variationsof TBA values of anhydrous
soybean oil substrates with storage
time in days

e ot Bay

Fig. 4. Variations of TBA values of arhydrous

soybean oil substrates with storage
time in days
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Fig. 5. Variations of peroxide values of soybe-
an oil-water emulsion substrates with
storage time in days
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Fig. 6. Variations of peroxide values of soybe-
an oil-water emulsion substrates with
storage time in days
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0.0001, 0.070-£0.0001, 0.0732-0.001, 0.066+0. 001,
and 0.148-+0.001. The antioxidant activity of both
ethanol-extracts, based on the TBA development
of the substates, was slightly stronger than that
of TBHQ or As. palmitate, and far stronger than
that of BHA or BHT.

Antioxidant activity of the antioxidants and

extracts in the emulsion substrates

The results of POV determination of the emuls-
lon substrates and the control are shown in Fig. 5
and 6,

The POVs of the soybean oil-water emulsion
substrates, i.e., BHA, BHT, TBHQ, As. palmitate,
M-2, M-30, and the control after 10 day storage
were respectively 35.040.8, 33.6+0.8, 33.6+0.4,
17.4+0.1, 28.5%1.1, 25.9+0.3, and 44.2--0.5.
Those after 25 day storage were respectively 100.3
0.6, 98.8220.5, 93.8+0.6, 64.54-1.9, 91.2+0.5,
85.8--0.1, and 187.9-+-0. 1.

When the POV development of the emulsion
substrates was compared with that of the anhydrous
sustrates, the activity of the antioxidants and
ethanol-extrats in the oil-water emulsion substrates
did not seem strong. As. palmitate showed the
strongest activity, whereas BHA and BHT exhibi-
ted the weakest activity among the antioxidants
and extracts tested. TBHQ and both ethanol-exracts
showed intermediate activity.

The variations of the TBA values of the emuls-
ion substrates and the control are shown in Fig. 7
and 8. The TBA values of the emulsion substrates,
te.. BHA, BHT, TBHQ, As. palmitate, M-2, M-30,
and the control after 10 day storage were resp-
ectively 0.412:0.01, 0.40-+0.10, 0.35=+0.01, 0.22+

0.0, 0.3140.01, 0.29+0.06, and 0.49+0.01.
Those values after 20 day storage were respectively
0.59+0.05, 0.5840.05, 0.54%0.03, 0.43-+0.06,
0.374£0.07, 0.324+0.1!, and 1.80+ 0.0l. As.

palmitate showed the strongest activity among the
antioxidants and extracts tested in the initial
stages of the storage period, but the activity
became greater than that of As. palmitate in the
later stages of the storage period. BHA and BHT
demonstrated definite antioxidant activity in the
oil-water emulsion substrates, but the activity was

far weaker than that of the ethanol extracts, The
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Fig. 7. Variations of TBA values of soybean Fig. 8. Variations of TBA values of soybean
oil-water emulsion substrates with oil-water emulsion substrates with
storage time in days storage time in days

Table 2. The inductien periods’” and relative antioxidant effectiveness’® of the
antioxidants, ethanol-extracts, and control both in the anhydrous soybean

0il and oil-water emulsion substrates

Anhydrous oil substrates Oil-water emulsion substrates

Antioxidants o B ~

extracts and Induction Relative Induction Relative

control periods effectiveness periods effectiveness

L __(hn) (%) (hr) (%)

Control 383 100 117 100
BHA 572 149 143 122
BHT 638 167 158 135
M-2 679 177 178 152
M-80 715 187 204 174
TBHQ 1,185 309 153 131
As. palmitate 1,256 328 271 232

(1) The time in hour required for a substrate to reach a POV of 20 meq/kg oil
(2) Relative antioxidant effectiveness

Induction period of antioxidant or extract

_ in the anhydrous or emulsion substratf:m%y100
Induction period of control in the same ’

substrate
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activity of TBHQ in the oil-water emulsion subst-
rates, based on the TBA development, was similar
to that of BHA and BHT.

Induction periods and relative antioxidant

effectiveness of the antioxidants and ethanol-

extracts

The induction period, which Lad been arbitrarily
taken as the time in hour required for a substrate
to reach a POV of 20 meg/kg oil, was estimated
graphically from POV-storage time curves. The
induction periods of the antioxidants, extracts, and
the control are shown in Table 2. The relative
antioxidant effectiveness, which is the percent ratio
of the length of an induction period of a substrate
containing one of the antioxidants or extracts to
that of the control, was calculated for each anti-
oxidant and extract and included in the Table.

The autoxidation of the soybean oil proceeded
with far greater speed in the soybean oil-water
emulsion system than in the anhydrous system.
The induction period of the control in the anhyd-
rous oil substrate was 383 hr, whereas that in the
oil-water emulsion substrate was 117 hr.

The greater rate of autoxidation in the oil-water
emulsion substrates can be attributed mainly to the
intrinsic nature of the emulsion substrates, altho-
ugh contribution of other factors such as the pres-
ence of a small amount of the emulsifier mixture
(Tween 80-+Span 80) to the rate of the autoxida-
tion cannot be disregarded. In oil-water emulsion
systems autoxidation of the oil can take place
not only by initiators residing within the oil
phase, but also by oxidation reactions at the
interface because the oil phase is surrounded by
water, an oxygen-rich environment. Sims ef al‘*?
have reported that the diffusion rate of oxygen at
the interface of an oil-water emulsion decreases
as the viscosity of the water-phase increases.

It has also been suggested by Sims et @/?7 that
the diffusion of oxygen through the oil-water
interface is the determining step in the oxidation
of-the oil in an oil-water emulsion. The diffusion
rate of oxygen through the oil-water interface of
an emulsion is related to the total interface area,
which in turn depends on the particle sizes of oil-

droplets in the water-phase and hence on the

Yonng-Sun Maeng and Dong-Hoon Kim
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general stability of the emulsion. Berner et 2/?®
have reported that the rate of oxygenuptake
through the oil-water interface of an oil-water
emulsion decreases as the emulsion starts to
separate into water and oil phases. The emulsion
system used in the present study maintained its
stability well for more than 25 days at a tem-
perature of 45.0+0.5°C. The greater rate of au-
toxidation in the oil-water emulsion in the present
study can Le attributed partly to the active oxy-
gen-uptake through the oil-water interface of the
emulsion substrates during the storage period.
The relative antioxidant effectiveness of the
antioxidants and extracts both in the anhydrous
oil and oil-water emulsion systems is included in
Table 2.
and TBHQ seemed to possess the strongest acti-

In the anhydrous system, As. palmitate
vity among the antioxidants and extracts tested.
Both extracts showed stronger activity than BHT
or BHA, but the activity of the extracts was
weaker than that of As. palmitate and TBHQ. The
antioxidant activity of the antioxidants and extra-
cts in the anhydrous system was, in decreasing
order, as follows :

As. palmitate, TBHQ > M-30, M-2 > BHT, BHA

The sequence of the antioxidant effectiveness of
the antioxidants and extracts in the anhydrous
system based on the TBA value develoment of the
substrates was in good agreement with that based
on the POV development of the substrates.

The sequence of the antioxidant effectiveness of
the antioxidants and extracts in the oil-water
emulsion system was similar to that in the anhyd-
rous oil system except for the fact that TBHQ
was less effective than the extracts in the oil-
water emulsion system. The activity of the antio-
xidants and extracts in the emulsion system was,
in decreasing order, as follows :

As. palmitate >> M-30, M-2 > BHT, TBHQ, BHA

It was surprising that ascorbyl palmitate exhibi-
ted the strongest activity among the antioxidants
and extracts tested both in the anhydrous oil and
oil-water emulsion systems The storage time in
the present study was relatively short (25 days).
Whether or not ascorbyl palmitate can maintain

its strong antioxidant activity for longer storage
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period is not certain. In the oil-water emulsion
system the activity of the extracts based on the
TBA development of the substrates appeared to
be stronger than As. palmitate.

The strong activity of the ethanol-extracts of
the Maillard browning mixture both in the anhy-
drous soybean oil and oil-water emulsion systems
Hong and Rhee'?® have

recently published the results of their study that

was very remarkable.

the ethanol-extracts of a Maillard browning reac-
tion mixture (0.5 M glucose4-0.5M glycine) dem-
onstrated strong antioxidant activity in a commer-
cial soybean oil subjected to active oxygen test
(heating at 97.84-0.2°C., aeration at a rate of
2.23 ml air/sec). They have also reported®® that

the ethanolextracts showed

strong synergistic
effects on antioxidant BHT or BHA in the same

substrate.

E 8

FTASEHEN E -5 g fHdd KE 29
308%ME &) Maillard % # ¢ b RER ) A AL o ekg-
#mip(M-2¢9} M-30, Az 10 ml)s BHA, BHT,
TBHQs} ascorbyl palmitate (247 0.02%, w/w)9
AP RS HErslaA gl g, Control 8 % %
HL 45.010.5°Col A frigisi 9o, sHubd BmL
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F2 POV gEsERel AT EAKEN A9 @ik
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As. palmitate >> M-30, M-2 > BHT, TBHQ, BHA
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