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Abstract

In this study, carrots were treated with ascorbic acid (0.1%) in a glucose (1.0%) solution (AA-Glu), and then freeze-dried and hot-air-
dried to investigate the effects on their antioxidant content after 30 days of storage. The antioxidant components were extracted from the
carrot samples using methanol. To assess antioxidative properties, tests measured the samples’ reducing power, a,0-diphenyl-p-pic-
rylhydrazyl (DPPH) radical scavenging activity, and ferrous ion chelating power. The above antioxidative properties of carrot extracts
were compared with a-tocopherol and butylated hydroxyanisole (BHA). The analysis of antioxidant compounds included the total
amount of ascorbic acid, total amount of phenolics, total amount of flavonoids, and carotenoids. The analysis showed that the samples
immersed in AA-Glu solution prior to drying exhibited a higher antioxidative property than those not immersed.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Current dietary guidelines recommend increasing the
amount of fruits and vegetables in one’s diet. These rich
sources of antioxidants may prevent cancer and coronary
artery diseases. Indeed, many studies have shown that a
close relationship exists between the intake of vegetables
and the prevention of cancer (Borek, 2005; Byers & Guer-
rero, 1995; Krinsky, 1989a; Marques-Vidal, Ravasco, &
Camilo, 2006; Meyskens & Manetta, 1995; Sies & Krinsky,
1995; Temple & Gladwin, 2003; Zhang, Talalay, Cho, &
Posner, 1992).

Carrots, in particular, are noted for their rich antioxi-
dants, especially B-carotene (Chen, Peng, & Chen, 1996).
In recent years, worldwide consumption of carrots has
been steadily increasing because of their nutritional benefits
(Yu, Zhou, & Parry, 2005). Carrots carry other potentially
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beneficial health effects, boasting anti-carcinogenic, anti-
aging, antioxidant, and immune-boosting properties, as
well as the pro-vitamin A activity of some carotenoids,
all of which add to their importance in the diet (Rodri-
guez-Amaya, 1993).

Carrots contain not only nutritional antioxidants such
as vitamins A, C, and E, but also a great quantity of
non-nutritional antioxidants, such as B-carotene, carote-
noids, flavoniods, flavones, phenolics compounds, etc.
(Alasalvar, Grigor, Zhang, Quantick, & Shahidi, 2001;
Bao & Chang, 1994; Havsteen, 1983; Hudson & Lewis,
1983; Takahama, 1985). As consumers move toward func-
tional foods with specific health effects, scientists and food
manufacturers have also taken an interest in the potential
of the antioxidant constituents of carrots to maintain
health (Loliger, 1991).

After harvesting and processing however, carrots have
generally been considered to have lower nutritional value
than when they are fresh. This is mainly due to the loss
of nutritional compounds such as vitamins and carote-
noids. Meanwhile, bitterness and an oxidized flavor may
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develop in carrots during processing and storage (Burg &
Fraile, 1995; Galindo et al., 2004; Galindo et al., 2005;
Lathrop & Leung, 1980; Murcia, Lopez-Ayerra, Marti-
nez-Tome, Vera, & Garcia-Carmona, 2000; Rao, Lee,
Katz, & Cooley, 1981). Mayer-Miebach and Spie (2003)
investigated the influence of cold storage and blanching
on the carotenoid content of carrots, and found that within
8 weeks of cold storage at 1 °C and 97% humidity, the raw
carrots lost about 30% of their initial total carotenoid con-
tent (Mayer-Miebach & Spie, 2003). To reduce this loss in
quality, many processing methods have been used, such as
0 °C storage with a relative humidity of 93-98% (Salunkhe
& Desai, 1984). Moreover, Alasalvar, Al-Farsi, Quantick,
Shahidi, and Wiktorowicz (2005) found that nitrogen treat-
ment could be used to maintain the quality and nutritional
properties of carrots in storage (Alasalvar et al., 2005).
Furthermore, Li and Barth (1998) studied an edible coating
that improved carotene retention in lightly-processed car-
rots during post-harvest storage, finding that the carotene
retention was 15% greater in treated carrots than untreated
over a 28-day period.

This study explored the effects of ascorbic acid and glu-
cose on the antioxidative properties of dried carrots.
Freeze-dried (FD) and hot-air-dried (AD) processed car-
rots were used. Antioxidant activity was assessed by its
reducing power, DPPH radical scavenging activity, and
ferrous ion chelating power. In addition, the total amounts
of phenolics, flavonoids, ascorbic acid, and B-carotene were
measured.

2. Materials and methods
2.1. Chemicals

All chemicals used were of analytical grade. Sodium
nitrite, (+)-catechin, aluminum chloride, sodium carbonate,
sodium hydroxide, methanol, hexane, acetone, ascorbic
acid, gallic acid, B-carotene, 2,6-dichlorophenolindophenol
(DIP), 2,2-diphenyl-1-picrylhydrazyl (DPPH), butylated
hydroxyanisole (BHA), a-tocopherol (Toc) and Folin-Cio-
calteu reagent were obtained from Sigma (USA). Ferric
chloride, metaphosphoric acid, trichloroacetic acid, and
potassium ferricyanide was purchased from Katayama
(Japan).

2.2. Samples preparation

Ten kilograms of regular red carrot (Daucus carota L.),
purchased from the local supermarket were used. All the
carrots were cleaned, cut into cubes of 10 mm x 10 mm x
4 mm, and blanched by steam for 1 min at 103 °C before
processing. About 5 kg carrots were immersed in 51 of
ascorbic acid (0.1%, w/v) with glucose (1.0%, w/v) solution
(AA-Glu), and then dried by freeze-drying (FD) and hot-
air-drying (AD). The other carrots were not immersed
before being dried by FD and AD. All of the products of
FD and AD were separated into two parts, one part of

them was stored for 30 days at 35 °C, the other part was
tested after drying. All of the samples were extracted with
methanol and analyzed for the antioxidant components
and antioxidative activity. The FD treatment was operated
at —50 °C, 5 Pa, for 24 h in a freeze dryer (FD-1000, Eyela,
Japan). The AD process was conducted in a hot-air-oven
(DK63, Yamato, Japan) at 80 °C for 1 h and then moved
to 60 °C for 8 h. After FD or AD treatments, the products
were then ground to powder, packed and stored at —40 °C
until use.

2.3. Ascorbic acid

Ascorbic acid content was quantitatively determined
according to the modified 2,6-dichlorophenolindophenol
(DIP) method described by Klein and Perry (Klein &
Perry, 1982). Each carrot sample (0.5 g) was extracted by
50 ml, 1% metaphosphoric acid (v/v) for 1 h. The extract
was centrifuged at 3000g in a centrifuge (CR22E, Hitachi,
Japan) at room temperature (25 °C) for 15 min. One milli-
litre supernatant was added to 9 ml of 0.05 mM DIP and
mixed for 15s, then the absorbance was measured at
515 nm versus the blank by an UV-vis spectrophotometer
(Unikon 930, Kontron, Italy). The standard curve was
obtained within the range of 0.0-500.0 pg ascorbic acid
per ml.

2.4. Total phenolic content

The amounts of total phenolics were analyzed by spec-
trophotometrically using the modified Folin-Ciocalteu col-
orimetric method (Eberhardt, Lee, & Liu, 2000; Singleton,
Orthofer, & Lamuela-Raventos, 1999). Each sample (0.5 g)
was extracted with 50 ml methanol for 1 h. Each methanol-
ic extract (ME) was diluted to 1:5 (v/v) with DI water.
Diluted extract (125 ml) was mixed with 0.5 ml of DI water
in a test tube followed by addition of 125 pul of Folin-Cio-
calteu reagent (FCR) and allowed to stand for 6 min. Then,
1.25 ml of 7% sodium carbonate solution was added and
the final volume was made up to 3 ml with DI water. Each
sample was allowed to stand for 90 min at room tempera-
ture (25 °C) and the absorbance was measured at 760 nm
using an UV-vis spectrophotometer. The linear reading
of the standard curve was from 0 to 600 pg of gallic acid
per ml.

2.5. Total flavonoid content

Total flavonoid content of the carrot extracts was deter-
mined using a modified colorimetric method described pre-
viously (Dewanto, Wu, Adom, & Liu, 2002; Zhishen,
Mengcheng, & Jianming, 1999). MEs or (+)-catechin stan-
dard solutions (250 pl) were mixed respectively with
1.25 ml DI water and 75 il of 5% NaNO, solution, then
mixed for 6 min. After that, 150 pul of 10% AIlCl;solution
was added and mixed for 5 min. The further 0.5ml of
1 M NaOH was added and the total volume was made
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up to 2.5 ml with DI water. Sample absorbance was read
at 510 nm against a prepared blank using UV-vis
spectrophotometry.

2.6. p-Carotene content

The B-carotene was determined according to Prakash,
Jha, and Datta (2004). Dried carrot sample (2 g) was
placed in a 250 ml flask and 40 ml of acetone was added.
A stirrer was used to aid extraction of the carotene and
the process was continued until the residue became color-
less. The acetone extract was filtered and petroleum ether
(100 ml) was added along with a squeeze of sodium sul-
phate (to absorb any moisture) were placed in a separating
funnel and shaken for 1 min. Two distinct layers were
formed of which the yellow upper layer was collected and
the lower layer was drained off to another separating fun-
nel. The lower layer solution was again extracted with
petroleum ether (100 ml) and the upper yellow layer was
collected. Combined the petroleum ether extracts in a vol-
umetric flask and the volume was made up to 250 ml. An
aliquot of this solution was placed in a cell of a spectropho-
tometer and the absorbance at 452 nm was measured for
determination of the f-carotene content of the carrot sam-
ple. The curve was obtained within the range of 0-5 pg B-
carotene per ml.

2.7. Reducing power

A method developed by Oyaizu (1988) was employed for
the determination of reducing power. Different weighted
dried samples (100-1000 mg) were mixed with 50 ml meth-
anol to prepare samples with the weight to volume ratios of
2,4,8,12, 16, and 20 mg/ml. The MEs were then filtered in
vacuum, and tested for antioxidant activities. Ten millili-
tres of MEs of carrot samples along with methanolic solu-
tions of a-tocopherol and BHA were mixed with 2.5 ml
phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potas-
sium ferricyanide. The mixture was reacted in a 50 °C
water-bath for 20 min, then rapidly cooled (0 °C, 5 min),
and mixed with 2.5ml, 10% trichloroacetic acid for
5 min, then centrifuged at 3000g for 10 min. Five millitres
of the supernatant mixing with 5ml of DI water and
1 ml of 0.1% ferric chloride was left to stand for 10 min.
The absorbance was then detected at 700 nm and used as
the reducing power indicator.

2.8. DPPH radical scavenging activity

A method according to Shimada, Fujikawa, Yahara,
and Nakamura (1992) was used to detect the DPPH radical
scavenging activity. Five milliliters of the test solutions,
including MEs of carrot samples, a-tocopherol, and BHA
solutions, were mixed with 1 ml of freshly prepared
1 mM DPPH methanolic solution, respectively, and left
to stand for 30 min prior to being spectrophotometrically
detected at 517 nm. The percentage of DPPH scavenging

activity is expressed by [1 — (test sample absorbance/blank
sample absorbance)] x 100 (%).

2.9. Ferrous ion chelating power

The method proposed by Decker and Welch (1990) was
adopted. Five milliliters of the test solutions, including
MEs of carrot samples, a-tocopherol, and BHA, were
mixed with 0.1 ml of 2 mM FeCl, and 0.2 ml of 5 mM fer-
rozine solutions and allowed to react for 10 min. The
absorbance at 562 nm of the resulting solutions was mea-
sured and recorded. The percentage of ferrous ion chelat-
ing ability is expressed by [l — (test sample absorbance/
blank sample absorbance)] x 100 (%).

2.10. Statistical analysis

All the analyses of antioxidative components values
were expressed as mean + SD mg per grams of carrot for
three replications basis on dry matter (DM). The possible
correlation between the antioxidant activities and analyses
of antioxidative components of the extracts was analyzed
by analysis of variance (ANOVA) using Statview. Differ-
ences at P <0.05 were considered significant.

3. Results and discussion
3.1. Quantitative analysis of antioxidative components

Carrots were either immersed in the solution before dry-
ing, or not immersed. The samples were labeled I or NI.
The carrots were then processed using FD or AD. The
dried carrots were analyzed before storage (NS) and after
storage (S).

The amount of ascorbic acid (AA) in various carrots is
shown in Table 1. In this investigation, the AA content
of air-dried samples was significantly lower than that of
freeze-dried samples. The results illustrated that low-tem-
perature processing (FD) had only a small effect on the
AA content. High-temperature treatment (AD), however,
led to a significant decrease in AA. The heating process
might speed up AA oxidation, and, accordingly, result in
a loss of ascorbic acid in carrots. Furthermore, the AA
content of carrot samples decreased when carrots were
stored at 35 °C for 30 days. However, both I-FD-NS and
I-FD-S showed more effective AA retention in carrots than
the other samples. NI-FD-NS had 26% more AA than NI-
FD-S. I-FD-S resulted in an AA level drop 5% greater than
I-FD-NS. The content of AA in NI-AD-S decreased 1%
more than NI-AD-NS, but in I-AD-S the content dropped
by 6% more than in I-AD-NS. The AA contents of both
NI-AD-NS and NI-AD-S showed no significant difference,
and the amount of AA retained was the lowest of all the
samples. This investigation clearly demonstrates that car-
rots immersed in an AA-Glu solution before drying retain
more ascorbic acid. The result may indicate that the
immersing solution acts like an edible coating, preventing
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Table 1

Antioxidant composition (mg/g DM) in carrot with various treatment (means + standard error, n = 3)

Sample Ascorbic acid Total phenolics Total flavonoids B-Carotene TACA
NI-FD-NS 8.62 +0.14B 3.72+£0.13% 3.0240.11° 0.24 +0.01° 15.54
NI-FD-S 6.53 £0.27° 3.34 £0.15" 2.84 £ 0.06° 0.11 +0.01° 12.71
I-FD-NS 10.41 +0.18° 3.71 £0.172 2.9340.12° 0.28 & 0.02° 17.28
I-FD-S 9.95+0.12° 3.71 +£0.18° 2.81 +0.08° 0.21 +0.01¢ 16.61
NI-AD-NS 7.53 £0.14¢ 3.05 £0.15° 2.23 4 0.08° 0.20 & 0.01¢ 12.90
NI-AD-S 7.42 +0.20¢ 2.52 +0.07¢ 1.85+0.10¢ 0.22 +0.01°¢ 11.92
I-AD-NS 8.84 +0.52° 3.53+0.11%® 3.34 4+ 0.09* 0.25 + 0.02%° 15.85
I-AD-S 8.33 +0.41° 3.51 +0.11%0 2.92 +0.08° 0.23 +0.01° 14.93

Abbreviate with different treatments of sample:

NI or I: carrot was not immersed or immersed with ascorbic acid (0.1%, w/v) and glucose (1.0%, w/v) solution, respectively.

NS or S: sample not storage (or storage) at 35 °C, 30 days, respectively.
FD: freeze-dried.
AD: hot-air-dried.

A Total antioxidant content: the sum of the amount of ascorbic acid, total phenolic, total flavonoids and B-carotene.
B Values bearing different superscripts in a column are significantly different (P < 0.05).

chemical deterioration (oxidation) that turns ascorbic acid
into dehydroascorbic acid (Gregory, 1996).

The total phenolics (TP) content of the various carrot
samples is shown in Table 1. Hot-air-dried (AD) carrots
contained a lower TP content than FD processed ones in
this investigation, a result confirmed by previous research
(Asami, Hong, Barrett, & Mitchell, 2003). After 30 days,
the NI-FD-S and NI-AD-S samples showed significant
TP reductions: 11% and 17% less than NI-FD-NS and
NI-AD-NS, respectively. However the carrots immersed
in AA-Glu solution showed no change in the TP content
after 30 days, (I-FD-S compared to I-FD-NS, and I-AD-
S compared to I-AD-NS). These results revealed that car-
rots immersed in the solution were able to retain phenolics
during storage at 35 °C for 30 days.

Osawa (1994) noted a number of phenolic compounds
with strong antioxidant properties that have been identified
in plant extracts. The antioxidant properties of phenolic
compounds is due mainly to their redox properties, which
can play an important role in absorbing and neutralizing
free radicals, quenching singlet and triplet oxygen, or
decomposing peroxides. Rice-Evans, Miller, Bolwell,
Bramley, and Pridham (1995) postulated that phenolic
compounds also have metal chelating potential. In addi-
tion, Veloglu, Mazza, Gao, and Oomah (1998) described
the antioxidative and free radical scavenging properties
of polyphenolic compounds in several plant extracts. They
also suggested that polyphenolic compounds can reduce
the risk of cardiovascular diseases in humans.

The total amount of flavonoids (TF) in various treated
carrot samples is shown in Table 1. From this investiga-
tion, the carrots immersed in AA-Glu solution, retained
more flavonoids after 30 days, than untreated carrots.
NI-FD-NS and NI-AD-NS contained 3.0 and 2.2 mg/g
DM, respectively. After 30 days, the amount of TF was
2.8 and 1.8 mg/g DM in NI-FD-S and NI-AD-S, respec-
tively. The immersed carrot samples before storage, I-
FD-NS and I-AD-NS, had TF contents of 2.9 and
3.3 mg/g DM, respectively. After storage for 30 days, the

retention TFs was 97% in I-FD-S and 88% in I-AD-S.
The results demonstrate that the immersion treatment
could lead to better retention of flavonoids.

Le Gall et al. (2003) mentioned several flavonoid com-
pounds such as naringenin, chalcone, rutin (quercetin-3-O-
rutinoside), etc. and described how the chemical structure
(a C6-C3-C6 configuration consisting of two aromatic rings
joined by a three-carbon link) of these flavonoids could act
as good hydrogen and electron donors and therefore exhibit
considerable antioxidative ability.

Table 1 also shows the alteration in the content of B-car-
otene during storage at 35 °C for 30 days. As in our tests
with ascorbic acid, TP and TF, the amount of B-carotene
retained was higher when samples were immersed in the
AA-Glu solution. Pesek and Warthesen (1988) found that
amount of B-carotene decreased as storage temperature
and time increased. In our study, the amount of B-carotene
dropped from 0.24 mg/g DM in NI-FD-S to 0.11 mg/g
DM in NI-FD-NS, a 54% reduction (Table 1). However,
the PB-carotene content in I-FD-NS went from 0.28 to
0.21 mg/g DM after 30 days (I-FD-S), a 29% decrease.
The amount of B-carotene in NI-AD-S (0.22 mg/g DM)
showed a 27% decrease from NI-AD-NS (0.30 mg/g
DM). In the treated samples, I-AD-S had B-carotene con-
tent of 0.23 mg/g DM, dropped down from 0.25 mg/g
DM in I-AD-NS, a change in content of only 8%. The
untreated samples were clearly more unstable than those
treated with the AA-Glu solution, resulting in more degra-
dation of B-carotene.

Chen et al. (1996) noted that the carotenoids in carrots
contain a highly unsaturated molecule, so pigments are
subject to isomerization, which causes color loss and oxida-
tion, lowering the nutritional value of the carrot when
stored. Moreover, Pesek and Warthesen (1988) pointed
out that many reactions such as photoisomerization and
photodegradation can occur simultaneously and competi-
tively when carotenoids are exposed to light, with the
degree these reactions depending upon the intensity and
temperature of the light and on the presence of a catalyst.
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Carrots treated by immersion in AA-Glu solution can be
protected from light and heat.

The beneficial effects of B-carotene to human health
have been well documented. For instance, B-carotene has
been found to reduce the risk of cancer (Borek, 2005;
Brandt & Goldbohm, 2006; Krinsky, 1989b), to increase
immune response (Prabhala, Garewal, Meyskens, & Wat-
son, 1990) and to protect against liver damage (Zamora,
Hidalgo, & Tappel, 1991). Thus, improving the stability
of carotenoids during storage is an important objective to
make the final product more nutritious and marketable.

3.2. Antioxidant activity

3.2.1. Reducing power

This research analyzed the reducing power of the car-
rots’ MEs along with a-tocopherol and butylated hydroxy-
anisole (BHA). The results are shown in Fig. 1. In general,
as the concentrations increased, so did the reducing powers
of the MEs. At concentrations of up to 4 mg/ml, the reduc-
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Fig. 1. Reducing power of the extracts from freeze-dried and hot-air-dried
carrot which were treated with or without immersed ascorbic acid (0.1%)
and glucose (1.0%), and the samples were tested after storage or not, in
comparison with a-tocopherol and BHA. (a) Freeze-dried; (b) hot-air-
dried.

ing powers in all the carrot samples were higher than those
in a-tocopherol (Toc) and in BHA. This means that carrots
have higher natural reducing powers compared to Toc or
BHA. The MEs of both I-FD-NS and [-AD-NS carrots
showed excellent reducing powers (Fig. 1). However, the
reducing powers decreased after 30 days of storage. Fur-
thermore, the MEs of both NI-FD-S and NI-AD-S showed
the lowest reducing powers of the samples (Fig. 1). The
results indicate that AA-Glu treatment allows higher reten-
tion of antioxidant activity. Toc and BHA are commonly
used as antioxidant additives in foods. However, they
showed the lowest reducing powers when concentrations
were less than or equal to 4 mg/ml. The reducing power
of MEs in various treated products might be due to their
hydrogen-donating ability as described by Shimada et al.
(1992). Accordingly, the MEs from I-FD-NS and I-AD-
NS carrots might contain the highest amount of reductone,
which could react with free radicals to stabilize and termi-
nate free radical chain reactions. The untreated samples,
NI-FD-NS and NI-AD-NS, showed a decrease in antioxi-
dant substances. Yen, Duh, and Tsai (1993) and Sid-
dhuraju, Mohan, and Becker (2002) reported that the
reducing power could be attributed mainly to the bioactive
compounds associated with antioxidant activity. These bio-
active compounds present in carrots’ MEs, including ascor-
bic acid, total phenols, flavonoids, lycopene, and other
hydrophilic or hydrophobic antioxidants, are good electron
donors and could terminate the free radical chain reactions
by converting free radicals to more stable products.

3.2.2. DPPH radical scavenging activity

Antioxidant activity in natural compounds has been
shown to be related to the termination of free radical reac-
tions (Shimada et al., 1992). Except for NI-FD-S, the MEs
of various treated carrots, along with a-tocopherol and
BHA all showed excellent scavenging effects on DPPH rad-
icals, in the range of 80-98% at 20 mg/ml (Fig. 2). BHA,
I-FD-NS and I-AD-NS had the highest levels of DPPH rad-
ical scavenging activity. NI-FD-S and NI-AD-S contained
the lowest DPPH radical scavenging activities of our sam-
ples. This result again showed that carrots not immersed in
AA-Glu solution had higher antioxidant degradation after
30 days storage than immersed carrots.

Furthermore, in comparison research by Wong and Yen
(1997), the DPPH radical scavenging activity in 2 mg/ml
MEs of I-FD-S and I-AD-S were higher than those at
the same concentrations in mungbean and soybean
sprouts, and equal to those of radish sprouts. Lin (1999)
reported that the DPPH radicals scavenging effects of
2 mg/ml MEs in commercial mushrooms were 43-70%.
In comparison, carrots treated with AA-Glu solution, dried
and stored for 30 days, had higher DPPH radical scaveng-
ing activity than commercial mushrooms.

As shown in Table 1, a higher TAC yielded higher DPPH
radical scavenging activity. This is probably due to the com-
bined effects of the ascorbic acid, total phenols, total flavo-
noids, and Bcarotene, as well as their high hydrogen atom
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Fig. 2. DPPH free radical scavenging activity of the extracts from freeze-
dried and hot-air-dried carrot which were treated with or without
immersed ascorbic acid (0.1%) and glucose (0.1%), and the samples were
tested after storage or not, in comparison with a-tocopherol and BHA. (a)
Freeze-dried; (b) hot-air-dried.

donating abilities. In general, these results show that MEs
from carrots are excellent free radical inhibitors or scaveng-
ers, possibly acting as primary antioxidants and reacting
with free radicals, particularly peroxyradicals, which are
the major propagators of autoxidation of fat, thereby termi-
nating the chain reaction (Frankel, 1991; Gordon, 1990;
Shahidi, Janitha, & Wanasundara, 1992).

3.2.3. Ferrous ion chelating power

Ferrous ion chelating powers (FICP) of MEs from var-
ious treated carrots increased corresponding to increases in
MEs concentration. The FICP values were in the range of
85-95% for the MEs at concentrations up to 20 mg/ml
(Fig. 3). BHA and Toc had very little FICP: MEs at
20 mg/ml of BHA and Toc were only 1.9% and 0.5%,
respectively. Since ferrous ions are the most effective pro-
oxidants in the food system, higher chelating abilities from
carrots would be beneficial. As shown here, both BHA and
a-tocopherol can hardly carry the FICP due to their chem-
ical structure. The MEs of both I-FD-NS and I-AD-NS
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Fig. 3. Ferrous ion chelating power of the extracts from freeze-dried and
hot-air-dried carrot which were treated with or without immersed ascorbic
acid (0.1%) and glucose (0.1%), and the samples were tested after storage
or not, in comparison with a-tocopherol and BHA. (a) Freeze-dried; (b)
hot-air-dried.

showed the highest FICP at 20 mg/ml (Fig. 3). The MEs
of NI-FD-NS and NI-AD-NS showed the lowest. The
FICP of I-FD-S was significantly higher than that of NI-
FD-S. Similarly, the I-AD-S was greater than NI-AD-S.
The result confirms that the AA-Glu treatment prevents
the degradation of antioxidant components. Furthermore,
the MEs of all carrot samples at concentrations of 2 mg/ml
had more than 80% FICP.

In other research, the use of a soybean sprout extract
with a concentration of 3 mg/ml was required to obtain
the same level of FICP Wong and Yen (1997). MEs from
medicinal mushrooms of Chang-Chih had FICP of 64.4—
74.5% at 5mg/ml. (Huang, 2000). Compared to these
results, carrots contain a better FICP than Chang-Chih
and soybean sprouts.

4. Conclusion

Carrot products contain multifunctional properties and
are important sources of antioxidants. Dried carrots are
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often used as additives to instant food products, and
retaining the natural antioxidant contents is an important
task. In this study, processed carrots were immersed in
AA-Glu solution to reduce the degradation of antioxi-
dants. Over a 30-day storage period, this method proved
effective. Further research to develop new types of products
could be helpful to promote the nutritional value and
extend the storage life of carrots. Immersing with ascorbic
acid and glucose prior to the drying process to protect the
antioxidant activity is an idea that could be further devel-
oped in other food applications such as instant food
products.

References

Alasalvar, C., Al-Farsi, M., Quantick, P. C., Shahidi, F., & Wiktorowicz,
R. (2005). Effect of chill storage and modified atmosphere packaging
(MAP) on antioxidant activity, anthocyanins, carotenoids, phenolics
and sensory quality of ready-to-eat shredded orange and purple
carrots. Journal Nutrition, 121, 50-56.

Alasalvar, C., Grigor, J. M., Zhang, D., Quantick, P. C., & Shahidi, F.
(2001). Comparison of volatiles, phenolics, sugars, antioxidant vita-
mins, and sensory quality of different colored carrot varieties. Journal
of Agricultural and Food Chemistry, 49, 1410-1416.

Asami, D. K., Hong, Y.-J., Barrett, D. M., & Mitchell, A. E. (2003).
Comparison of the total phenolic and ascorbic acid content of freeze-
dried and air-dried marionberry, strawberry, and corn grown using
conventional, organic, and sustainable agricultural practices. Journal
of Agricultural and Food Chemistry, 51, 1237-1241.

Bao, B., & Chang, K. C. (1994). Carrot juice color, carotenoids, and
nonstarchy polysaccharides as affected by processing conditions.
Journal of Food Science, 59(1), 115-118.

Borek, C. (2005). Antioxidants and the prevention of hormonally
regulated cancer. The Journal of Men’s Health & Gender, 2(3),
346-352.

Brandt, P. A. V. D., & Goldbohm, R. A. (2006). Nutrition in the
prevention of gastrointestinal cancer. Best Practice & Research Clinical
Gastroenterology, 20(3), 589-603.

Burg, P., & Fraile, P. (1995). Vitamin-C destruction during the cooking of
a potato dish. Food Science and Technology-Lebensmittel-Wissenschaft
& Technologie, 28(5), 506-514.

Byers, T., & Guerrero, N. (1995). Epidemiologic evidence for vitamin-C
and vitamin-E in cancer prevention. American Journal of Clinical
Nutrition, 62(6), S1385-S1392.

Chen, H. E., Peng, H. Y., & Chen, B. H. (1996). Stability of carotenoids
and vitamin A during storage of carrot juice. Food Chemistry, 57(4),
497-503.

Decker, E. A., & Welch, B. (1990). Role of ferritin as a lipid oxidation
catalyst in muscle food. Journal of Agricultural and Food Chemistry,
38(3), 674-671.

Dewanto, V., Wu, X. Z., Adom, K. K., & Liu, R. H. (2002). Thermal-
processing enhances the nutritional value of tomatoes by increasing
total antioxidant activity. Journal of Agricultural and Food Chemistry,
50(10), 3010-3014.

Eberhardt, M. V., Lee, C. Y., & Liu, R. H. (2000). Nutrition — antioxidant
activity of fresh apples. Nature, 405(6789), 903-904.

Frankel, E. N. (1991). Recent advances in lipid oxidation. Journal of the
Science of Food and Agriculture, 54(4), 495-511.

Galindo, F. G., Brathen, E., Knutsen, S. H., Sommarin, M., Gekas, V., &
Sjoholm, I. (2004). Changes in the carrot (Daucus carota L. cv. Nerac)
cell wall during storage. Food Research International, 37, 225-232.

Galindo, F. G., Elias, L., Gekas, V., Herppich, W. B., Smallwood, M.,
Sommarin, M., et al. (2005). On the induction of cold acclimation in
carrots (Daucus carota L.) and its influence on storage performance.
Food Research International, 38, 29-36.

Gordon, M. H. (1990). The mechanism of antioxidant action in vitro. In
B. J. F. Hudson (Ed.), Food antioxidants (pp. 1-18). New York:
Elsevier Applied Science.

Gregory, J. F. (1996). Vitamins. In O. R. Fennema (Ed.), Food chemistry
(pp. 531-616). New York: Dekker.

Havsteen, B. (1983). Flavonoids, a class of natural-products of high
pharmacological potency.  Biochemical =~ Pharmacology,  32(7),
1141-1148.

Huang, L.-C. (2000). Antioxidant properties and polysaccharide composi-
tion analysis of Antrodia camphorata and Agaricus blazei. Taichung,
Taiwan: National Chung-Hsing University.

Hudson, B. J. F., & Lewis, J. 1. (1983). Polyhydroxy flavonoid antioxidant
for edible oils — structural criteria for activity. Food Chemistry, 10(1),
47-55.

Klein, B. P., & Perry, A. K. (1982). Ascorbic-acid and vitamin-A activity
in selected vegetables from different geographical areas of the United
States. Journal of Food Science, 47(3), 941-945.

Krinsky, N. I. (1989a). Antioxidant functions of carotenoids. Free Radical
Biology and Medicine, 7(6), 617-635.

Krinsky, N. I. (1989b). Carotenoids and cancer in animal model. Journal
Nutrition, 119, 123-126.

Lathrop, P. J., & Leung, H. K. (1980). Rates of ascorbic-acid degradation
during thermal-processing of canned peas. Journal of Food Science,
45(1), 152-153.

Le Gall, G., DuPont, M. S., Mellon, F. A., Davis, A. L., Collins, G. J.,
Verhoeyen, M. E., et al. (2003). Characterization and content of
flavonoids glycosides in genetically modified tomato (Lycopersicon
esculentum) fruits. Journal of Agricultural and Food Chemistry, 51,
2438-2446.

Li, P., & Barth, M. M. (1998). Impact of edible coatings on nutritional and
physiological changes in lightly-processed carrots. Postharvest Biology
and Technology, 14(1), 51-60.

Lin, H.-C. (1999). Evaluation of taste quality and antioxidant properties of
edible and medicinal mushrooms. Taichung, Taiwan: National Chung-
Hsing University.

Loliger, J. (1991). The use of antioxidants in food. In B. Halliwell (Ed.),
Free radicals and food additives (pp. 129-150). London: Taylor and
Francis.

Marques-Vidal, P., Ravasco, P., & Camilo, M. E. (2006). Food-
stuffs and colorectal cancer risk: A review. Clinical Nutrition,
25, 14-36.

Mayer-Miebach, E., & Spie, W. E. L. (2003). Influence of cold storage and
blanching on the carotenoid content of Kintoki carrots. Journal of Food
Engineering, 56, 211-213.

Meyskens, F. L., Jr., & Manetta, A. (1995). Prevention of cervical
intraepithelial neoplasia and cervical cancer. American Journal of
Clinical Nutrition, 62(6 Suppl.), 1417S-1419S.

Murcia, M. A., Lopez-Ayerra, B., Martinez-Tome, M., Vera, A. M., &
Garcia-Carmona, F. (2000). Evolution of ascorbic acid and peroxidase
during industrial processing of broccoli. Journal of the Science of Food
and Agriculture, 80(13), 1882-1886.

Osawa, T. (1994). Postharvest biochemistry of plant food-materials in the
tropics. In E. M. Mendoza (Ed.), Novel natural antioxidants for
utilization in food and biological systems (pp. 241-251). Tokyo, Japan:
Japan Scientific Societies.

Oyaizu, M. (1988). Antioxidative activities of browning products of
glucosamine fractionated by organic-solvent and thin-layer chroma-
tography. Journal of the Japanese Society for Food Science and
Technology, 35(11), 771-775.

Pesek, C. A., & Warthesen, J. J. (1988). Characterization of the
photodegradation of B-carotene in aqueous model systems. Journal
of Food Science, 53, 1517-1520.

Prabhala, R. H., Garewal, H. S., Meyskens, F. L., & Watson, R. R.
(1990). Immunomodulation in humans caused by pcarotene and
vitamin A. Nutrition Research, 10, 1473-1486.

Prakash, S., Jha, S. K., & Datta, N. (2004). Performance evaluation of
blanched carrots dried by three different driers. Journal of Food
Engneering, 62(3), 305-313.



272 Y.-H. Yen et al. | Food Chemistry 107 (2008) 265-272

Rao, M. A., Lee, C. Y., Katz, J., & Cooley, H. J. (1981). A kinetic-study
of the loss of vitamin-C, color, and firmness during thermal-processing
of canned peas. Journal of Food Science, 46(2), 636-637.

Rice-Evans, C. A., Miller, N. J., Bolwell, P. G., Bramley, P. M., &
Pridham, J. B. (1995). The relative antioxidant activities of plantde-
rived polyphenolic flavonoids. Free Radical Research, 22, 375-383.

Rodriguez-Amaya, D. B. (1993). Stability of carotenoids during the
storage of foods. In F. Charalambous (Ed.), Shelf life studies of foods
and  beverages:  Chemical, biological, physical and nutritional
(pp- 264-591). Amsterdam: Elsevier Science.

Salunkhe, D. K., & Desai, B. B. (1984). Postharvest biotechnology of
vegetable. In B. Raton (Ed.), Root vegetable (pp. 91-96). CRC Press.

Shahidi, F., Janitha, P. K., & Wanasundara, P. D. (1992). Phenolic
antioxidants. Critical reviews in food science and nutrition, 32(1),
67-103.

Shimada, K., Fujikawa, K., Yahara, K., & Nakamura, T. (1992).
Antioxidative properties of xanthan on the autoxidation of soybean
oil in cyclodextrin emulsion. Journal of Agricultural and Food
Chemistry, 40(6), 945-948.

Siddhuraju, P., Mohan, P. S., & Becker, K. (2002). Studies on the
antioxidant activity of Indian Laburnum (Cassia fistula L.): A
preliminary assessment of crude extracts from stem bark, leaves,
flowers and fruit pulp. Food Chemistry, 79(1), 61-67.

Sies, H., & Krinsky, N. I. (1995). The present status of antioxidant
vitamins and beta-carotene. American Journal of Clinical Nutrition,
62(6), S1299-S1300.

Singleton, V. L., Orthofer, R., & Lamuela-Raventos, R. M. (1999).
Analysis of total phenols and other oxidation substrates and antiox-
idants by means of Folin-Ciocalteu reagent. Methods in Enzymology,
299, 152-178.

Takahama, U. (1985). Inhibition of lipoxygenase-dependent lipid-perox-
idation by quercetin — mechanism of antioxidative function. Phyto-
chemistry, 24(7), 1443-1446.

Temple, N. J., & Gladwin, K. K. (2003). Fruit, vegetables, and the
prevention of cancer: Research challenges. Nutrition, 19, 467-470.
Veloglu, Y. S., Mazza, X., Gao, L., & Oomah, B. D. (1998).
Antioxidant activity and total phenolics in selected fruits, vegeta-
bles and grain products. Journal of Agricultural and Food Chem-

istry, 46, 4113-4117.

Wong, R. G., & Yen, G. C. (1997). Antioxidative action of mungbean
sprouts, soybean and radish sprouts. Journal of Agriculture and
Chemistry Society (Taiwan), 35, 661-670.

Yen, G. C., Duh, P. D., & Tsai, C. L. (1993). Relationship between
antioxidant activity and maturity of peanut hulls. Journal of Agricul-
tural and Food Chemistry, 41(1), 67-70.

Yu, L. L., Zhou, K. K., & Parry, J. (2005). Antioxidant properties of cold-
pressed black caraway, carrot, cranberry, and hemp seed oils. Food
Chemistry, 91, 723-729.

Zamora, R., Hidalgo, F. J., & Tappel, A. L. (1991). Comparative
antioxidant effectiveness of dietary beta-carotene, vitamin E, selenium
and coenzyme Q10 in rat erythrocytes and plasma. Journal Nutrition,
121, 50-56.

Zhang, Y. S., Talalay, P., Cho, C. G., & Posner, G. H. (1992). A
major inducer of anticarcinogenic protective enzymes from broccoli
— isolation and elucidation of structure. Proceedings of the national
academy of sciences of the United States of America, 89(6),
2399-2403.

Zhishen, J., Mengcheng, T., & Jianming, W. (1999). The determination of
flavonoid contents in mulberry and their scavenging effects on
superoxide radicals. Food Chemistry, 64(4), 555-559.



	Effect of adding ascorbic acid and glucose on the antioxidative properties during storage of dried carrot
	Introduction
	Materials and methods
	Chemicals
	Samples preparation
	Ascorbic acid
	Total phenolic content
	Total flavonoid content
	 beta -Carotene content
	Reducing power
	DPPH radical scavenging activity
	Ferrous ion chelating power
	Statistical analysis

	Results and discussion
	Quantitative analysis of antioxidative components
	Antioxidant activity
	Reducing power
	DPPH radical scavenging activity
	Ferrous ion chelating power


	Conclusion
	References


