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Abstract

In the present study, the relative effectiveness of BHA, ascorbic acid, and BHA +ascorbic acid on
-he rancidity development of potato chips in various conditions were examined. BHA, ascorbic acid,
and their mixture (BHA 0.05%, As. A 0.1%, and BHA 0.05%+As. A 0.1% relative to the
weight of the potato chips) were dissolved respectively in 95% ethyl alcohol and incorporated to
potato chips in the form of atomized mist.

When the potato chips were stored in a dark place at 33.0+0.5°C, BHA was very effective in
retarding the rancidity development of the potato chips. Ascorbic acid showed some antioxidant
activity, but it was less effective than BHA. When BHA and ascorbic acid were used together, the
antioxidant activity of the mixture appeared to be primarily due to BHA. Irradiation of direct
sunlight to the potato chips, which were covered with coloress transparent polypropylene films,
reduced the antioxidant activity of BHA incorporated to them. Ascorbic acid appeared to lose its
antioxidant activity completely under the same condition. BHA retained a considerable degree of
.antioxidant activity when yellow transparent polypropylene films were used to cover the potato chips.

Ascorbic acid, however, kept little antioxidant activity even in this condition.

. most important factors in extending shelf-life of potato
Introduction chips

Prevention of rancidity development is one of the Smith™ has reported that BHA and BHT either
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alone or with PG delayed the rancidity development
of hydrogenated vegetable shortening which had been
used for potato chips production. NDGA, PG, BHA,
BHT, and tocopherols®® have been used as antioxid-
ants in the potato chips industry. Dowdle® has found
that levels of antioxidants in frying oils decreased
rapidly as frying started, but the levels were stabilized
within 4 to 8 hours. It has been reported that the
rancidity development was delayed effectively by ato-
mizing Tenox II on potato chips immediately after
potato chips were removed from frying oils, or by
incorporating Suron PB into the salts which were
added to potato chips®. Incorporation of antioxidants
into cellophane films or paper board had been found
to be effective in retarding the rancidity development
and Honda® have

shown that ascorbic acid had effective antioxidant

of potato chips®™. Kimura,®

activity in p-carotene and in dehydrated oat flour.

Similarly, Evans et al® has reported that ascorbic

acid showed antioxidant activity in some vegetable oils.

However, Anderson et al? has shown that ascorbic
acid in cereals acted as a proxidant at higher levels
and had no discernible effect as an antioxidant at
lower levels.

Ascorbic acid, widely used as an antioxidant?~1¥
as well as an anti-browning agent, may be appropriate
for extending shelf-life of potato chips which are
susceptible for both rancidity development and Lrow-
ning. But there seems little information on the effect-
iveness of ascorbic acid which is incorporated in fatty
food such as potato chips and subjected to intermittent
irradiation of direct sunlight.

In the present study, ascorbic acid and BHA, which
is one of the most widzly used antioxidants for potato
chips, had been selected for use as antioxidants. Their
relative effectiveness in retarding the rancidity develo-
pment of potato chips, stored under various conditions,

-‘was compared with one another,

Experiments

The potato chips used in this study were prepared
from Irish Cobbler, the most important commerical
potato variety in Korea. Potato slices were soaked in
hot water for 5 minutes, drained, and fried in cotton

seed oil at 190°C. for 4 to 5 minutes (Smith4®).
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Buthylated hydroxyanisole (Eastman Company, U.S
A}, ascorbic acid (Merck AG., West Germany., and
their mixture were employed as antiexidants for the
potato chips. These antioxidants were dissoived respe-
ctively in 95% ethyl alcohol, and the alcoholic solutio-
ns were applied to the potato chips in the form of
atomized mist(BHA 0.05%, As. A 0.1%, aad BHA C.
05%+ As.A 0.1% relative to the weight of the potato
chips).

The first experiment was conducted to study the
relative effectiveness of the antioxidanis in retarding
the rancidity development of the potate chips stored
in a dark place. The potato chips were covered with
0.0lmm transparent polypropylene film and stored in
a dark place at 33-+0.5°C. Fresh potato chips, which
were not treated with the antioxidants, were used as
control.

The second experiment was conductec to examine
the relative effectiveness of the antioxidants in the
potato chips which were covered with coloress transp-
arent and yellow transparent polypropylene iiims and
exposed to direct sunlight for ¢ hours daily.

After the direct sunlight exposure, all samples were
stored in a cold (2°C), dark storage room.

Rancidity development was estimated by determining
the peroxide values and the free fatty acid vaiues of
the potato chips at appropriate intervals. Ten of
ground potato chips was extracted with diethyl ether
in Soxhlet apparatus for 4 hrs. The extracted oil was
used for determination of the peroxide values and the
free fatty acid values. The peroxide values were
derermined by using a modified method which was
based on the method described by Wheeler, D.H. 17,
The free fatty acid values were determined by the
method described by Tribold?®.

Results and Discussion

Table 1 shows the effects of BHA and ascorbic acid

on the peroxide value development of the potato chips.
stored in a dark place at 33.0+0.5°C. In the control

group, the peroxide values of the potato chips increa:
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Table 1. Effects of BHA, As. A, and BHA+As. A on the peroxide value development
of the potato chips stored in a dark place at 33.0-+0.5°C

71, Acid values are expressed as free fatty acid value c
72) Figures without S.D. are the mean values
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Fig. 1. Effects of BHA, As.A, and BHA+As. A
on the P.V. development of potato chips
stored in a dark place at 33.0+0.5°C

J

~ewe___ Time in days | o N :
Tl ! o . 3 6 1 12 15 21
_Treatment [ B
Control 9.241.0 |10.740.9 |12.741.1 | 17.6%2.1 | 23.9 42.0
BHA ‘ 9.2+1.0 | 10.1+0.4 { 11.5%1.1 13.54-1.4 16.3 21.7
As.A 9.2+1.0 i 10.0%1.1 |12.140.3 | 15.6x2.5 | 19.0%1.9 32.0
BHA+As.A 9.2+1.0 9.840.9 ‘l 11.040.9 14.530.7 | 17.0%1.4 25.9
1. Peroxide values are expressed in meq./kg
(2. Figures without S.D. are the mean values
Table 2. Effects of BHA, As.A, and BHA +As.A on the acid value development of
the potato chips stored in a dark place at 33.010.5°C
L e days | e
- 0 6 12 18 21
Treatment T l
Control . 1.6%0.05 1.610.1 1.7 1.8 | 1.8
BHA ' 1.640.05 ! 1.60.05 1.60.05 1.7 ! 1.7
As.A 1.6:£0.05 | L6H0.05 | 1.70.05 1.8 | 1.9
BHA-+As.A 1.640.05 l 1.6%0.1 ] 1.7+£0.05 1.7 i 1.8

alculated as % oleic
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Fig. 2. Effects of BHA, As.A, and BHA+As.A
on the acid value development of potato
chips stored in a dark place at 33.010.5°C
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sed very slightly during the first 6 days, and then
increased rapidly. The Peroxide values at the end of
the experiment were slightly less than 50 meq/Kg.
However, the BHA-treated potato chips showed rema-
rkably slow increase of peroxide values throughout
the storge period. The peroxide values of this group,
i.e., the BHA-treated potato chips, at the end of the
experiment were only half of those of the control
group. The ascorbic acid treated potato chips showed
consistently higher peroxide values than those of the
BHA-treated potato chips throughout the storage
period. A group of potato chips which contained both
BHA and ascorbic acid exhibited slightly higher
peroxide values than BHA-treated group. However,
the peroxide values of the BHA+ascorbic acid-treated
group were lower than those of the ascorbic acid-
treated group. As a whole, it appeared that the differ-
ences among the peroxide values of the 4 groups
became more pronounced as the length of the storage
period increased.

Jankowski™ has reported that potato chips without
any antioxidant treatment, packaged with duplex
glassine bags, became rancid in around 20 days when
they were kept in a hot (48°C), dry, and dark room,
but BHA treatment delayed rancidity by about 15
days. The present results indicate that the untreated
potato chips would have reached 2 rancid stage in a
similar period to the one reported by Jankowski, even
though the untreated potato chips in this experiment
were kept at lower storage temperature.

It is evident from this experiment that BHA, ascor-
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bic acid, and the mixture of BHA and ascorbic acid
retarded effectively the rancidity development of the:
potato chips stored in a dark place. BHA was partic-
ularly effective in preventing the rancidity development
of the potato chips. Ascorbic acid was, however, less
effective than BHA. The potato chips became rancid
more rapidly when both BHA and ascorbic acid were-
treated in combination than when BHA was treated
alone (Table 1 and Fig.1).

Table 2 and Figure 2 show that the free fatty acid
values of the potato chips used in the experiment
increased slightly during the storage period. But the
increase in' the free fatfy acid values was most
pronounced in the control group, then the ascorbic
acid-treated group. Both BHA treatment and BHA+
ascorbic acid treatment retarded the development of
the free fatty acid values to some extent. These
retarding effects appear to be due to the presence of
BHA and not to the presence of ascorbic acid.

The effects of BHA and ascorbic acid on the
peroxide value development of the potato chips, covered
with colorless transparent polypropylene films and
exposed to sunlight, are shown in Table 3 ard Figure
3. The peroxide values of the untreated potalo chips
increased rapidly, znd the potato chips became rancid
in 2 days. BHA-treated potato chips exhibited consist-
ently lower. peroxice values than the control group
throughcut the storage period. The peroxice values of
the ascorbic acid-treated rotato chips were slightly
higher than those of the control group. BHA +ascorbic:

acid stowed similar strong antioxidant activity to BHA.

Table 3. Effects of BHA, As.A, and BHA+As. A on the peroxide value

development of potato chips irradiated with direct sunlight

= G
\\.\\’I\‘xme in days

—— 0 2 1 4 5 ‘ 10
Treatment ! , l | . i
Control i 12.0+1.3 | s28 | 954 . 1093 | 169. 4
BHA 120413 39.4 ! €8.2 87.4 | 154.4
AsA | 120413 55.2 | - - 115.8 176.7
BHA+As. A | 12.0%1.3 41.8 70.9 90.7 154.2

¢} Peroxide values are expressed as meq./kg.

(2) All samples were covered with colorless transparent polypropylere films (thickness : 0.01 mm} and irradiated
with direct sunlight daily. Irradiation time: 6 hrs/day. Average temperature at the time of irradiation -

29.0+3.7°C.

(3) All figures except those at the beginning of the experiment are the mean values.
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Fig. 3. Effects of BHA, As.A, and BHA+As. A
on the P.V. development of potato chips
covered with colorless transparent polypr-
opylene films and irradiated with direct
sunlight
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Fig. 4. Effect of BHA, As.A, and BHA+As. A
on the acid value development of potato.
chips covered with colorless transparent
polypropylene films and irradiated with:
direct sunlight

Table 4. Effects of BHA, As. A, and BHA+As. A on the acid value
development of potate chips irradiated with direct sunlight

— Time in days ! I
T 0 i 5 i 10
Treatment T~ e :
Control 1.740.2 - 2.4 I 2.7
BHA 1.740.2 2.1 I 2.4
As.A 1.740.2 2.3 ! 2.6
BHA+As.A 1.740.2 2.1 | 2.4

(1) Acid values are expressed as free fatty acid value calculated as % oleic.

(2) All samples were covered with coloreless transparent polypropylene films and irradiated with direct sunlight:
daily. Irradiation time: 6 hrs/day. Average temperature at the time of irradiation: 29.0+3.7°C.
(3) All figures except those at the beginning of the experiment are the mean values.

alone. But it is evident that the activity is mostly due
to BHA and not to ascorbic acid. In the present study,
it has been found that ascorbic acid exhibited consid-
erable antioxidant activity when ascorbic acid treated

potato chips were stored in a dark place, but it did

not show any antioxidant activity when the potato
chips were exposed to sunlight 6 hours daily. The
free fatty acid values of both control and antioxidgnt-
treated groups incresed during the period

{Table 4 and Figure 4).

storage

The control and ascorbic:



(250 )
acid-treated groups showed slightly higher free fatty
acid values than BHA or BHA+ascorbic acid-treated
grouvs,

Yellow
markedly the rancidity development of the potato chips

which were subjected to direct sunlight. The BHA-
treated group had remarkably lower peroxide values

transparent polypropylene films delayed

than the control group throughout the experimental
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period (Table 5 and Figure 5).

It appears that the yellow color of the films prev-
ented considerably the loss of antioxidant activity of
BHA when the potato chips were exposed to direct
sunlight. Ascorbic acid showed little antioxidant activity
in the potato chips in this condition. The free fatty
values of the potato chips which were covered with

the yellow transparent polyporpylene films increased

Tabl 5. Effects of BHA, As. A, and BHA+As. A on the peroxide value
development of potato chips Irradiated with direct sunlight

~~w\mvTime in days !
Treatment\ 0 2 4 5 ; 10
Control | 12.0%1.3 27.7 52.7 615 | 94.2
BHA . 12.041.3 | 18.4 31.4 38.6 | 62.0
As.A [ 12.0+1.3 | - 49.6 59.1 91.8
BHA+As.A 1 12.0+1.3 — 42.1 52.2 78.8

(1) Peroxide values are expressed in meq./kg.

(2) All samples were covered with yellow transparent polypropylene films (thickness 0.0l mm), nd irradiated
with direct sunlight. Irradiation time: 6 hrs/day. Average temperature at the time of irradiation:

29.0x3.7°C.

3) All figures except those at the beginning of the experiment are the mean values.

Table 6. Effects of BHA, As.A, and BHA+ As.A on the acid value
development of potato chips irradiated with direct sunlight

— Time in days !
—— 0 i 5 10
Treatment T ! i
Control 1.740.2 1.9 § 2.1
BHA 1.740.2 1.8 ; 1.9
As.A 1.740.2 1.9 2.0
BHA +As.A 1.740.2 1.9 i 1.9

(1) Acid values are expressed as free fatty acid value calculated as % oleic.

(2) All samples were covered with yellow transparent polypropylene films, and irradiated with direct sunlight.
Irradiation time : 6 hrs/day. Average temperature at the time of irradiation : 29.043.7°C.
{3) All figures except those at the beginning of the experiment are the mean values

gradually throughout the storage period (Table 6 and
Fig.6). The free fatty acid values were generally lower
- than those of the potato chips covered with the transp-

arent films,
2 of
BHA (0.05%), ascorbic acid (0.1%) =& = BHA
(0. 05%) +ascorbic acid (0.1%)% #74 A7/AA 7

A5 ¢ o8 Aol AFYE A ol& BHA, AsA
< BHA+As. A9 494 AsfdA 2 ¥z 3

Fagd. & AASAE 2@ERDAA 331+0.5°C=
AR e Ae ZAHAY A dAd HF BHA Y
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‘Fig. 5. Effects of BHA, As.A, and BHA-+As.A
on the. P.V. development potato chips
covered with yellow transparent polypr-
opylene films and irradiated with direct
sunlight
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