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Abstract

Background: The indubitable role of phytochemicals such as carotenoids and phenolic compounds in human health has prompted the researchers to
study the factors affecting the stability and the availability of these compounds. Aims: This study investigates the effect of two drying processes; oven-
drying (OD) and traditional sun-drying (TSD) on carotenoids and phenolic compounds of apricots. Material and Methods: OD was performed at
65°C, and TSD was performed by direct exposure of apricot to sunlight at daytime temperatures around 40°C and relative humidity between 25 and
35%, following an Algerian traditional method of drying. Carotenoids and phenolic compounds were extracted, and then total carotenoids (TC), total
phenolic compounds (TPC), total flavonoids (TF) and total tannins (T'T) were spectrophotometrically quantified. The free radical scavenging activity
(FRSA) of the phenolic extracts was measured by the DPPH method. Results: Carotenoids and phenolic compounds were significantly affected by both
drying methods. OD decreased TC and TT by 44% and 12%, respectively, and increased TPC and TF by 4%. TDS affected negatively all the measured
components, where TC, TPC, TF, and TT decreased by 67%, 15%, 43%, and 36%, respectively. However, the highest FRSA was reported for the TSD
apricots (40%) followed by OD apricots (36%), and fresh apricots (32%). Conclusions: The effect of drying on apricot antioxidants depends on the
applied drying method and the studied component. The direct sunlight exposure and the duration of drying condemned TSD to be more harmful on
carotenoids and phenolic compounds compared to OD, where carotenoids where more fragile during TSD. In addition, OD improved the content of

phenolic compounds by improving their extractability. However, TSD apricots seem to be a better source of free radical scavenging compounds.
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1 Introduction

Fruits are excellent sources of macro and micronutrients,
particularly bioactive compounds such as vitamins and
antioxidants. Nowadays, it’s clear that antioxidants as phenolic
compounds, carotenoids, and vitamin C impart numerous
health benefits, where the prevention of some socially
significant diseases (like cancer and cardiovascular diseases),
has been associated with consumption of fresh fruits and
vegetables [1,2]. Plant antioxidants are phytochemicals that
can prevent the oxidation of a biological substrate. Thus,
protecting food and tissues from damages that can be caused
by free radicals [3]. Apricots are widely distributed fruits, due
to their specific sweet flavor and color. Every year, more than
4.2 million tons are produced [4]. Furthermore, apricot
constitutes one of the most cultivated fruits in the North
African region, particularly in Algeria, which covers more than
6 % of the world's production [4]. Apricots provide significant
health benefits because of their high content in antioxidants,

primarily phenolic compounds and carotenoids [5,6].
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Phenolics represent the predominant phytochemicals present
in apricots [5]. These compounds are a structurally diverse
class of phytochemicals and they occur as plant secondary
metabolites, they are defined by the presence of at least one
aromatic ring bonded directly to one or more hydroxyl groups
[2]. Along with their antioxidant activity, Phenolics showed
several further biological characteristics such as antimicrobial,
anti-inflammatory, and immuno-stimulatory activities [7].
Flavonoids are water-soluble phenolics that show strong
antioxidant activities, they constitute the largest group of
polyphenols, with more than 5000 identified compounds [8].
Carotenoids are a large family of lipophilic compounds that
are responsible for the orange color of apricots; they play a
significant role in light-harvesting and in protection against
photodamage in plants [9]. Carotenoids have been found to
exhibit important antioxidant activity and help in preventing

chronic diseases such as cardiovascular disease and skin cancer
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[10]. Furthermore, they are referred to as provitamin A since

they can be transformed i7 vivo to active vitamin A[9, 10].

Apricots are climacteric fruits that undergo fast maturation
after harvesting, which considerably limits their period of
storage. Thus, different preservation methods such as drying
and canning are habitually applied to preserve the fruits.
Drying is the most common method to preserve apricots and
extend their availability [11]. The process reduces the moisture
content of apricots to a degree that allows safe storage for a
longer period [12]. However, several studies reported that the
antioxidant content of fresh fruits can be affected by
processing techniques, which can increase or decrease their
content [8, 13, 14].

Sun-drying of fruits and vegetables is one of the oldest forms
of food preservation methods. In Algeria, traditional sun-
drying of apricot remains the most practiced method. The
reason behind this is that sun-drying is a simple method,
requiring low capital, simple equipment, and low energy
input. The traditional process of drying, applied in Algeria, is
different from that usually reported in the literature, where
apricots are neither blanched, nor treated with sulfates to
prevent browning. Instead, apricots are treated with salt as a
preservative agent and then dried. This method provides to the
dried apricots specific organoleptic properties, where the color
of the product is brown to dark with a salty flavor. Thus, there
is a lack of knowledge on the effect of this traditional
procedure on apricot antioxidants. For this reason, the current
work investigates the effects of traditional sun-drying (TSD)
on apricot antioxidants, primarily polyphenols, flavonoids,
tannins, and carotenoids. The effect of oven drying (OD) was

also investigated for comparison.

2 Material and Methods

2.1 Plant materials

Fruits of Prunus armeniaca L. (cv. Louzi) were collected from
the N’gaous region of Algeria at commercial maturity.
Apricots were directly transported to the laboratory, rinsed

with tap water and stored at 4°C until utilization.
2.2 Drying process
2.2.1 Oven-drying

Fruits were dried in a ventilated laboratory oven (Memmert
ULE 600, Germany) at a drying temperature of 65°C (Figure
1). The temperature of 65°C constitutes the average
temperature used by food technologists to dry apricot [15-18].
Samples of fresh apricots were halved, pitted, and then placed
in the oven, on the steel sieved trays, which were designed to
increase air passage from both surfaces. Before starting the

drying process, the oven was run for 30 min to obtain steady-
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state conditions. The suitable dryness level (moisture around
25 %, according to CODEX STAN 130-1981) was reached in
14 to 15 hours. Dried apricots were placed into polyethylene

bags and stored at 4°C until subsequent analysis.
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Figure 1: Simple schematization of the drying processes

2.2.2 Traditional sun-drying

Fresh apricots were halved, pitted, divided on a metal plate
(covered with a cloth) and then dried by direct exposure to
sunlight, with an overall maximum daytime air temperature
of around 40°C for nine days (starting from mid-June). After
that, dried apricots were washed, treated with salt by
pulverization, and then, dried for three other days in the
shadow to evaporate the residual water from the washing step
(Figure 1). Dried apricots were placed into polyethylene bags
and stored at 4 °C until subsequent analysis. During the
drying process, the relative humidity of the air was between
25 and 35%, the days were sunny with no precipitation. This
traditional sun-drying method is a common process applied
by the farmers and the families in several regions in Algeria,
aiming to preserve the excess of production and make
apricots available for longer periods.

2.3 Chemical properties

Aiming to facilitate the extractability of apricot antioxidants
and to standardize the analysis conditions for all samples, dried

apricots were rehydrated for 24 h at room temperature. The
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exact and identical amount of water lost during the drying
process was added during the rehydration (to reach the same
water content as the fresh fruit), while the fresh samples were
directly analyzed [19]. Before analysis samples were
homogenized for two minutes using a Hand Blender Beaker.
The following analyses were performed on the obtained
purees: moisture content (MC) and dry-matter content (DM).
They were measured (%) in a vacuum oven for 3 h at 105 °C
(NF V 05-108, 1970) (for fresh, dried and rehydrated fruit),
pH, measured using a digital pH meter (NF V 05-108, 1970).
Acidity was determined as gram of citric acid per 100 g of
samples by titration with 0.1 N sodium hydroxide to endpoint
(pH 8.3) (NF V 05-101,1974). Ash content (%) was obtained
using a muffle furnace at 550 °C for 5 hours (NF V 05-
113,1972).

2.4 Measurement of total carotenoids

Total carotenoids were extracted according to the method of
Rodriguez-Amaya [20] with optimization. Five grams of
sample were extracted with 100 mL of methanol/petroleum
ether (1:9, v/v) by using a high-speed homogenizer, and the
mixture was transferred to a separating funnel. The petroleum
ether layer was filtrated through sodium sulfate, transferred to
a volumetric flask, and then the volume was completed to 100
mL with petroleum ether. Finally, the total carotenoid content
was measured at 450 nm using a Shimadzu 1600- UV
spectrophotometer. The results were expressed in mg -
carotene equivalent (3-CE/100 g DM).

2.5 Phenolic compounds analysis

2.5.1 Phenolic extract preparation

Phenolic compounds were extracted using the method
described by Ali ez al. [21]. Five grams of fruit puree was taken
from the homogenate and diluted to 30 mL with 80%
methanol and clarified by centrifugation (SEGMA 3-30K) at
10,000 x g for 15 min. The extract was filtered through a
Whatman no. 1 filter paper.

2.5.2 Total phenolic compounds measurement

Total phenolic compounds (TPC) were measured by using the
Folin—Ciocalteu assay as described by Singleton ez al. [22] with
minor modification. The crude phenolic extract, 0.5 mL was
first diluted to 5 mL with 80% methanol, then 0.5 mL of 2 N
Folin—Ciocalteu reagent and 0.5 mL of 20% sodium
carbonate solution were added. The mixture was then allowed
to stand for 60 min at room temperature and the absorbance
was measured at 765 nm using a Spectrophotometer. Total
phenolics were estimated by calibration curve prepared with
concentrations of 0.01-0.25 mg/mL of gallic acid. The results
were expressed in mg gallic acid equivalent (GAE) / 100 g
DM.
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2.5.3 Total flavonoids measurement

Total flavonoids (TF) were determined using the colorimetric
method described by Bahorun ez /. [23]. From the crude
phenolic extract, 1 mL was mixed with 1 mL of a 2% AICls-
6H:0 solution. After 10 min, the absorbance was measured
immediately at 430 nm using a Spectrophotometer. The
results were expressed as mg quercetin equivalent (QE) /100 g
DM, according to a calibration curve prepared with
concentrations of 1-40 pg/mL of quercetin.

2.5.4 Total tannins measurement

The estimation of the total tannins (TT) content was carried
out by the method described by Hagerman & Butler [24]. 1
mL of the phenolic extract was mixed with 2 mL of bovine
serum albumin solution (I mg/mL) prepared in 200 mM
acetate buffer, pH 4.9.
incubation for 24 hours at 4 °C, the mixture was centrifuged

After immediate stirring and

for 15 min at 4000 rpm. The supernatant was discarded and
the pellet was recovered and washed with 200 mM acetate
buffer, pH 4.9. The resulting precipitate was dissolved in 4 mL
of sodium-dodecyl-sulfate/ Tri-ethanol-amine  (1:5, wlv)
solution, pH 9.5, and then 1 ml of the ferric chloride solution
(100 mM HCI, 10 mM FeCl;) was added. After incubation
for 15 min, the absorbance was read at 510 nm on a
Spectrophotometer. The amount of tannins was calculated by
a calibration curve prepared with tannic acid (0.1-1.25
mg/ml). The results are expressed in mg tannic acid equivalent

(TAE)/100 g DM.
2.5.5 Free radical scavenging activity measurement

Free radical scavenging activity (FRSA) was measured using
DPPH (2,2-diphenyl-l-picrylhydrazyl) free radical according
to the protocol described by Kuskoski ez 4/ [25]. 0.1 ml of
crude phenolic extract was taken in the test tube and 3.9 mL
of 100 pM DPPH (2,2-diphenyl-l-picrylhydrazyl) solution
was added, then the mixture was shaken vigorously and
incubated for 30 minutes at room temperature. Absorbance
was measured at 517 nm using a Spectrophotometer. The
DPPH solution, freshly prepared with 80% methanol, gives
an absorbance of 1.1 at 517 nm. Radical scavenging activity
was calculated as % inhibition of DPPH radical using formula
(01):

Acontrol - Asample

%]Inhibition = X100 ... (01)

Acontrol

Acontrol : Absorbance of the control reaction (blank with methanol and
DPPH solution).

Agample : Absorbance of the sample reaction (phenolic extract
with methanol and DPPH solution).
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2.6 Statistical analysis

All analyses were carried out in triplicate and the experimental
data were reported as means + standard deviation (SD). The
data were subjected to an analysis of variance (one-way
ANOVA). The significant difference was determined by
Tukey's multiple range test (p < 0.05) using XL-STAT
software Version 2009.

3 Results

The aim of the current study is to investigate the effect of
traditional sun-drying (TSD) and oven drying (OD) on
apricot antioxidants (carotenoids and phenolic compounds).
Prior to the measurements on antioxidants, fresh and dried
apricot were first assayed for humidity, ash content, pH and

acidity. The results are shown in table 1.

Table 1: Chemical properties of fresh and dried apricots

Drying

MC (%) DM (%) Ash (%) pH TA (%)
85.24 + 14.76 + 0.734 + 3.94 + 0.59 +

process

FA

0.23 0.23 0.08 0.07 0.06

21.05 + 79.95 + 4.26 + 4.03 + 3,62 +

TSD 0.56 0.56 0.18 0.17 0,13
oD 26.06 = 73.94 + 2.82 ¢ 4.16 + 2.87
0.74 0.74 0.08 0.05 0.08

FA, fresh apricot; TSD, traditional sun drying; OD, oven drying; MC, moisture
content; DM, dry matter content; TA, titratable acidity. All the values are means of

three replications +SD.

Moisture content decreased from 85.24% for fresh apricot to
21.05% and 26.06% for TSD and OD dried apricots,
respectively. As a result, dry matter and ash content decreased
after the drying processes, as well as TA. However, a slight
increase in pH was observed for the dried apricots (Table 1).

Total Carotenoids (TC) were assessed before and after the
drying processes. Data are reported on a DM basis in figure 2.
Significant differences between the TC of fresh and dried
apricots (p<0.0001) were reported. OD had remarkably
affected TC content of apricots; the drying process decreased
TC from 46.4 + 6.2 mg -CE/100 g DM to 25.8 + 2.4 mg f3-
CE/100 g DM, which represents a loss of 44%. Furthermore,
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compared to OD, TSD was much harmful to TC, where the
traditional process provoked a more significant decrease of

67%.
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Figure 2: Effects of oven-drying (OD) and traditional sun-
drying (TSD) on apricot total carotenoids (TC)

FA, fresh apricot; B-CE, B-carotene equivalent; DM, dry matter content. All the
values are means of three replications +SD. The same letters indicate the absence of

significant differences (p<0.05).

The effects of TSD and OD on total phenolic compounds
(TPC), total flavonoids (TF), total tannins (TT), and Free
radical scavenging activity (FRSA) of apricots are reported on
a DM basis on figure 3. All measured parameters were
significantly affected (p<0.05) by both drying methods (TSD
and OD). TSD decreased remarkably the amount of TPC
(Figure 3.a), TF (Figure 3.b), and TT (Figure 3.c) of apricots.
The drying process caused significant losses of 15%, 43%, and
36%, respectively. However, for the OD, a decrease of 12% in
TT after the drying process was recorded, while a slight
increase of 4% was observed in TPC and TF.

FRSA (%) results are presented on figure 3.d. In contrast to
our previous results (TPC, TF, and TT), FRSA increased
significantly in dried apricot, and the heist FRSA was reported
for the TSD. The methanolic extract of the dried apricot
showed a radical scavenging activity of 40.1 + 0.8%, followed
by OD (35.9£1.7%), and fresh apricot (31.7 + 1.2%).
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Figure 3: Effects of oven-drying (OD) and traditional sun-drying (TSD) on apricot total phenolic compounds (TPC), total

flavonoids (TF), total tannins (TT), and Free radical scavenging activity (FRSA)
a: TPC, b: TF, ¢: TT, d: FRSA. FA, fresh apricot, DM, dry matter content, 3-CE: B-carotene equivalents, GAE: gallic acid equivalent, QE: quercetin equivalent, TAE: tannic

acid equivalent. All the values are means of three replications +SD. The same letters indicate the absence of significant differences (p<0.05).

4 Discussion

The comparison between our findings and the different works
on apricots showed that our values are included in the ranges
reported by Akin ez al. [26] for the humidity (74.19 - 88.17%)
and ash content (0.50% - 0.89%), and the intervals indicated
by Leccese et al. [6] for pH (3.35 - 4.41) and acidity (0.48 -
2.28%). The important loss of water during the drying process
resulted in a concentration of the different components of
apricot, which explains the increase in ash content and acidity
(Table 1). The titratable acidity of apricot after the TSD
(3.62%) was higher than the titratable acidity of apricot after
the OD (2.87%). This can be due to the difference in drying
conditions (mainly time and temperature) between the two
processes, where apricot (climacteric fruit) can carry on the
post-harvest maturation during TDS [11]. The drying
temperatures (40°C) during TDS promote the physiological
and biochemical reactions, including organic acids synthesis.
However, the drying temperatures (65°C) during OD are
relatively high, thus the physiological and the biochemical
reactions are restrained. High acidity for sun-dried apricots
was also reported by Madrau ez al. [15] (4.67 - 7.33%) and
Bolin [27] (3.8%). The ash content of the traditional sun-
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dried apricots was superior then the ash content of the oven-
dried apricots too. This difference is mostly caused by the salt
added during the process. Contamination by dust during the
TSD may have also contributed to the ash content increase.
Both drying methods have significantly decreased the
carotenoids content of apricots (Figure 2). OD decreased
apricot carotenoids by 44% of the initial content. These results
are comparable to those of Fratianni et 4/[16], where they
reported significant losses of 50 % in total carotenoids for
apricots dried at temperatures between 60 and 70 °C. In the
same context, Karabulut ez /. [17] recorded a decrease of 40%
in B-carotene content after drying at 70 °C, and surprisingly
they reported more losses (60%) by decreasing the drying
temperature to 60 °C. The thermal damages caused by drying
were directly proportional to the temperature used and the
time operated in the process. It was mentioned that the heat
applied during drying softens the cell walls, making them
[16,17]. Therefore, the

carotenoids, usually stable within the original structure,

fragile and easily separated
become highly sensitive to external agents such as heat,
oxygen, and light [16]. However, carotenoids were more
sensitive to TSD. The traditional process caused the most

significant losses, where the measurement of total carotenoid
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has highlighted a more significant decrease of 67% compared
to OD. It has been reported that oven drying and additional
conventional drying methods have several advantages over
sun-drying. Garcfa-Martinez ez al. [19] related these
advantages to the fact that conventional drying methods are
more rapid and the fruits are not in contact with the open
environment during the process. Our results are consistent
with those of Korekar ez a/. [28], where the authors reported a
loss of 65% of B-carotene content for the sun-dried apricots.
Furthermore, in a recent study, performed by Vega-Gélvez ez
al. [18] on the effect of hot-air drying temperatures (40-80°C)
on apricot bioactive compounds, the results showed that the
increase of drying time led to more damage than the increase
of temperature. Moreover, the same authors reported the more
significant carotenoids content decrease (53% loss) at the
lowest temperature (40°C). The principal cause of carotenoids
degradation, during the TSD, was the direct exposure of
apricot to oxygen and sunlight. The destructive effect of
oxygen and sunlight on carotenoids was confirmed by several
authors [16-19, 29]. The exposure to oxygen during drying
causes the generation of peroxides and oxidizing free radicals,
which can cause a serious carotenoids loss [29]. Yang ez al. [30]
reported that carotenoids are sensitive to oxidation and can
decompose, even if the samples were kept in the presence of
traces of oxygen. The degradation of carotenoids can also
result from photo-oxidation in the presence of light [31].

The investigated apricots in the current study were found to
be a suitable source of phenolic compounds (451.6 + 11.3 mg
GAE / 100 g DM). The comparison with other studies shows
that our results are higher than the ranges (319 and 413 mg
GAE / 100 g DM) as reported by MiloSevi¢ ez al. [32]. As
shown on figure 3.a, drying methods affected significantly
apricots’ phenolic compounds. In the last decades, numerous
works investigated the effect of different treatments on
phenolic compounds. Yet, data are not to seem correlated and
even contradictory [33]. Most researchers reported a negative
effect (decrease in phenolic compounds concentration) of heat
treatments on phenolic compounds [13, 34,35]. On the other
hand, several authors stated an increase in phenolic
compounds after heat treatments. In our study, we witnessed
both effects, where OD caused a slight increase in TP and TF,
while TSD led to a significant decrease in TP, TF, and TT.

The increase, detected in TPC and TF after OD, was also
reported in a previous study on apricot by Hussain ez al.[36],
where the authors detected an increase of 11.6-16.4% in the
phenolic compounds concentration after drying. In the same
angle, Santos ez al. [37] studied the effect of drying at 60 °C
on the phenolic compounds of pears, and reported an increase
of 2.4-15% in TPC. However, Madrau et al. [15] reported a
decrease in TPC of apricots dried at a lower temperature
(55°C). In addition, Vega-Galvez er al [18] reported a
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significant decrease of TPC (>73%), and TF (>61%) for dried
apricots at temperatures between 60 and 70 °C. The increase
of TPC and TF can be explained by the improvement of
phenolic compounds extractability, due to the relatively high
temperature (70 °C) during the drying process, where it has
been reported that high temperature facilitates the extraction
of phenolic compounds [38-40]. Phenolic cosmpounds occur
more often conjugated in soluble and insoluble forms,
covalently bound to structural components of the cell wall
(cellulose, hemicelluloses, and lignin). Bound phenolic
compounds constitute an average of 24% of the fruits TPC,
and heat treatments are likely to release those bound phenolic
compounds [41]. Brunton [42] reported that, in addition to
the better extractability of phenolic compounds during drying,
the increase of TPC and TF can be due to the
depolymerization of phenolic compounds with high molecular
weights such as tannins. This statement agrees with our
findings, where the increase of TPC and TF after OD was
accompanied by a decreased in TT.

Unlike OD, TSD has caused significant losses of apricots
phenolic compounds, where TPC, TF, and TT decreased by
15%, 43%, and 36%, respectively. This decrease can be
explained by the enzymatic oxidation of phenolic compounds.
Madrau ez al. [15] reported that drying apricots for a long
period in the presence of oxygen promotes the degradation of
phenolic compounds by polyphenol oxidase (PPO). This
enzyme is responsible for the oxidation of phenolic
compounds to quinines. The enzymatic oxidation is followed
by non-enzymatic polymerization of the resulted quinones
into dark/brown polymers called melanins [43]. Apricot PPO
remains active at drying temperature below 55 °C [44], and
since TSD was performed at temperatures ~ 40 ° C, enzymatic
browning is mostly the main cause of phenolic compounds
decrease in TSD apricots. This was also visually confirmed,
where the dried apricots had dark colors. Our results are in
agreement with the results obtained by Vega-Gélvez ez al. [18],
where the authors attributed the decrease in TPC and TF
observed during drying at 40 °C to the PPO activity.

The antioxidant activity increased significantly after the OD,
this can be explained by the increase reported previously in
TPC and TF, where phenolic compounds are known for their
FRSA. However, while the expectations shifted toward a
decrease in FRSA after TSD, surprisingly, the results showed
a significant increase in FRSA (Figure 3.d). These results are
similar to those of Madrau ez 2/ [15] and Hussain ez /. [36],
the authors reported a significant increase in FRSA for dried
apricots, despite the reduction in TPC. However, Vega-Gélvez
et al. [18] reported a decrease in FRSA for dried apricots at
temperatures between 40 and 80°C. According to Pokorny &
Schmidt [45], FRSA of processed fruits may be enhanced by
the development of new antioxidants, such as the products of
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browning reactions. Furthermore, Gan ez al. [46] reported an
increase in the antioxidant activity for the dried mung bean,
which was also accompanied by an increase in browning. The
same findings were reported by Lee ez al. [47] for dried onions,
the authors indicated that the antioxidant activity depends
more on browning during drying than on phenolic content.

5 Conclusion

The main obtained results showed that TSD conditions, such
as direct sunlight exposure and the longtime of the drying
process, are parameters that affect negatively carotenoids and
phenolic compounds of apricots. These conditions promoted
the carotenoids photo-oxidation and the enzymatic oxidation
of phenolic compounds (by PPO). Thus, OD caused less
damage to carotenoids and phenolic compounds compared to
TSD. The advantages of OD are the short period of drying,
and the fruits are not exposed to open air, which has resulted
in better preservation of carotenoids and phenolic compounds.
However, despite the destructive effect of TSD on carotenoids
and phenolic compounds, the process increased the FRSA of
the phenolic extract. The enzymatic oxidation of the phenolic
compounds during TSD promoted the generation of new
compounds with high antioxidant properties. Thereby, the
traditionally sun-dried apricots are a better source of

antioxidants.

Acknowledgment: The authors wish to thank the Algerian Ministry of
Higher Education and Scientific Research (MESRS) for the financial
support of this work.

Conflict of Interests: The authors declare no conflict of interest.

References

1. Garcia-Alonso M, de Pascual-Teresa S, Santos-Buelga C,
Rivas-Gonzalo JC. Evaluation of the antioxidant properties
of fruits. Food Chem. 2004;84(1):13-18.
doi:10.1016/50308-8146(03)00160-2

2. Crozier A, Jaganath IB, Clifford MN. Dietary phenolics:
chemistry, bioavailability and effects on health. Nat. Prod
Rep. 2009;26(8):1001-43. doi:10.1039/B802662A

3. Katalinic V, Milos M, Kulisic T, Jukic M. Screening of 70
medicinal plant extracts for antioxidant capacity and total
phenols. Food Chem. 2006;94(4):550-7.
doi:10.1016/j.foodchem.2004.12.004

4. FAOSTAT database. Food and Agriculture Organization of

the United Nations, 2017.
hetp://www.fao.org/faostat/en/#data/QC.  Last accessed
June 2019.

192

10.

11.

12.

13.

14.

15.

16.

Traditional sun-drying and oven-drying effects on carotenoids and phenolic compounds of apricot

Roussos PA, Sefferou V, Denaxa N-K, Tsantili E, Stathis V.
Apricot (Prunus armeniaca L.) fruit quality attributes and
under different crop load. Scientia

2011;129(3):472-8.

phytochemicals
Horticulturae.
doi:10.1016/j.scienta.2011.04.021

Leccese A, Bartolini S, Viti R. From genotype to apricot
fruit quality: the antioxidant properties contribution. Plant
Foods Hum. Nutr. 2012;67(4):317-25.
doi:10.1007/s11130-012-0314-0

Hollman PCH, Katan MB. Dietary Flavonoids: Intake,
Health Effects and Bioavailability. Food Chem. Toxicol.
1999;37(9):937-42.d0i:10.1016/50278-6915(99)00079-4

Shahidi F, Naczk M. Phenolics in Food and Nutraceuticals.
CRC press; 2003: pp.576. ISBN: 9780429211645.
doi:10.1201/9780203508732

de S MC, Rodriguez-Amaya DB. Carotenoid composition
of cooked green vegetables from restaurants. Food Chem.
2003;83(4):595-600. doi:10.1016/S0308-
8146(03)00227-9

Rao AV, Rao LG. Carotenoids and human health.
Pharmacol. Res. 2007;55(3):207-16.

doi:10.1016/j.phrs.2007.01.012

Siddiq M. Apricots. In: Barta ], Cano MP, Gusek TW,
Sidhu JS, Sinha N, ed. Handbook of Fruits and Fruit
Processing. 1% Ed. Wiley-Blackwell; 2006:279-92. ISBN-
10: 0813819814

Coskun AL, Tiirkyilmaz M, Aksu OT, Ko¢ BE, Yemis O,
Ozkan M. Effects of various sulphuring methods and
storage temperatures on the physical and chemical quality
of dried apricots. Food Chem. 2013;141(4):3670-80.
doi:10.1016/j.foodchem.2013.06.033

Heras-Ramirez ME, Quintero-Ramos A, Camacho-D4vila
AA, Barnard J, Talamds-Abbud R, Torres-Mufioz ].V,
Salas-Mufioz E. Effect of blanching and drying temperature
on polyphenolic compound stability and antioxidant
capacity of apple pomace. Food Bioprocess Technol.
2012;5(6):2201-10. doi:10.1007/s11947-011-0583-x

Jabbar S, Abid M, Hu B, Wu T, Muhammad Hashim M,
Lei S, Zhu X, Zeng X. Quality of carrot juice as influenced
by blanching and sonication treatments. LW7-Food Science
and Technology. 2014;55(1):16-21.

doi:10.1016/j.lwt.2013.09.007

Madrau MA, Piscopo A, Sanguinetti AM, Del Caro A,
Poiana M, Romeo F.V, Piga A. Effect of drying temperature
on polyphenolic content and antioxidant activity of
apricots.  European  Food — Research —and  Technology.
2009;228(3):441-48. doi:10.1007/s00217-008-0951-6

Fratianni A, Albanese D, Mignogna R, Cinquanta L, Panfili
G, Di Matteo M. Degradation of carotenoids in apricot

Nor. Afr. J. Food Nutr. Res. 2019; 3(6): 186-194


https://doi.org/10.1016/S0308-8146(03)00160-2
https://doi.org/10.1039/B802662A
https://doi.org/10.1016/j.foodchem.2004.12.004
http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1016/j.scienta.2011.04.021
https://doi.org/10.1007/s11130-012-0314-0
https://doi.org/10.1016/S0278-6915(99)00079-4
https://doi.org/10.1201/9780203508732
https://doi.org/10.1016/S0308-8146(03)00227-9
https://doi.org/10.1016/S0308-8146(03)00227-9
https://doi.org/10.1016/j.phrs.2007.01.012
https://doi.org/10.1016/j.foodchem.2013.06.033
https://doi.org/10.1007/s11947-011-0583-x
https://doi.org/10.1016/j.lwt.2013.09.007
https://doi.org/10.1007/s00217-008-0951-6

Derardja & Barkat

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

(Prunus armeniaca L.) during drying process. Plant Foods
Hum. Nutr. 2013;68(3):241-6. doi:10.1007/s11130-013-
0369-6

Karabulut I, Topcu A, Duran A, Turan S, Ozturk B. Effect
of hot air drying and sun drying on color values and (-
carotene content of apricot (Prunus armenica L.). LWT-
Food  Science  and  Technology.  2007;40(5):753-8.
doi:10.1016/j.lwt.2006.05.001

Vega-Gilvez A, Quispe-Fuentes I, Uribe E, Martinez-
Monzo J, Pasten A, Lemus-Mondaca R. Bioactive
Compounds and Physicochemical Characterization of
Dried Apricot (Prunus Armeniaca L.) as Affected by
Different Drying Temperatures. CyTA - Journal of Food.
2019; 17 (1): 297-306.
doi:10.1080/19476337.2019.1577918

ME,
bioactive

Garcia-Martinez  E, Igual M, Martin-Esparza
Martinez-Navarrete N. Assessment of the
compounds, color, and mechanical properties of apricots as
affected by drying treatment. Food and Bioprocess
Technology. 2013;6(11):3247-55.  doi:10.1007/s11947-

012-0988-1

Rodriguez-Amaya DB. A Guide to Carotenoid Analysis in
Foods. ILSI press Washington: 2001: pp. 64. ISBN:
1578810728

Ali S, Masud T, Abbasi KS. Physico-chemical characteristics
of apricot (Prunus armeniaca L.) grown in Northern Areas
of Pakistan. Scientia Horticulturae. 2011;130(2):386-92.
doi:10.1016/j.scienta.2011.05.040

Singleton Vernon L, Orthofer R, Lamuela-Raventos RM.
Analysis of total phenols and other oxidation substrates and
antioxidants by means of folin-ciocalteu reagent. Methods
Enzymol. 1999;299:152-78. d0i:10.1016/S0076-
6879(99)99017-1

Bahorun T, Gressier B, Trotin F, Brunet C, Dine T, Luyckx
M, Vasseur ], Cazin M, Cazin JC, Pinkas M. Oxygen
species scavenging activity of phenolic extracts from
hawthorn fresh  plant

organs and pharmaceutical

1996;46(11):1086-

preparations. Arzneimittelforschung.

1089. PMID: 8955870

Hagerman AE, Butler LG. Protein precipitation method for
the quantitative determination of tannins. /. Agric. Food
Chem. 1978;26(4):809-12. doi:10.1021/j602182027

Kuskoski EM, Asuero AG, Morales M T, Fett R. Wild fruits
and pulps of frozen fruits: antioxidant activity, polyphenols
2006;36(4):1283-

and anthocyanins. Ciéncia Rural.
7.doi:10.1590/50103-84782006000400037

Akin EB, Karabulut I, Topcu A. Some compositional
properties of main Malatya apricot (Prunus armeniaca L.)

Nor. Afr. J. Food Nutr. Res. 2019; 3(6): 186-194

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Traditional sun-drying and oven-drying effects on carotenoids and phenolic compounds of apricot

2008;107(2):939-48.

varieties. Food Chem.
doi:10.1016/j.foodchem.2007.08.052

Bolin HR. Composition of commercial US and Turkish
dried apricots. J. Food Compos. Anal. 1989; 2(1):37—40.
doi:10.1016/0889-1575(89)90060-4

Korekar G, Stobdan T, Arora R, Yadav A, Singh SB.
Antioxidant capacity and phenolics content of apricot
(Prunus armeniaca L.) kernel as a function of genotype.
Plant  Foods  Hum. Nutzr. 2011;66(4):376-83.
doi:10.1007/s11130-011-0246-0

Britton G, Liaaen-Jensen S, Pfander H. Carotenoids
Volume 5: Nutrition and Health. Vol 5. Springer Science
& Business Media; 2009: pp.431. ISBN: 9783764375010.
doi:10.1007/978-3-7643-7501-0

Yang J, He X, Zhao D. Factors affecting phytochemical
stability. In: Tiwari B K, Brunton NP, Brennan CS, ed.
Handbook of Plant Food Phytochemicals: Sources, Stability
and Extraction. 1* Ed. Wiley-Blackwell, Ltd; 2013:332-
374. ISBN: 978-1-444-33810-2.

Negi PS. Stability of phytochemicals at the point of sale. In:
Tiwari B K, Brunton NP, Brennan CS, ed. Handbook of
Plant Food Phytochemicals: Sources, Stability and
Extraction. 1% Ed. Wiley-Blackwell, Ltd; 2013:332-374.
ISBN: 978-1-444-33810-2.

Milosevi¢ T, Miloevi¢ N, Glisi¢ I. Tree growth, yield, fruit
quality

‘Roxana’apricot as influenced by natural zeolite, organic and

attributes and leaf nutrient content of
inorganic fertilisers. Scientia Horticulturae. 2013;156:131-

9. doi:10.1016/j.scienta.2013.04.002

Mehinagic E, Bourles E, Jourjon F. Composés des fruits

d’intérét  nutritionnel:  impact des  procédés de
transformation sur les polyphénols. Revue Suisse de
viticulture, arboriculture et horticulture. 2011;43(6):364—

368.

Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L.
Polyphenols: food sources and bioavailability. Am. J. Clin
Nutr. 2004;79(5):727-47. doi:10.1093/ajcn/79.5.727

Klopotek Y, Otto K, Bshm V. Processing strawberries to
different products alters contents of vitamin C, total
phenolics, total anthocyanins, and antioxidant capacity. /.
Agric. Food Chem. 2005;53(14):5640-6.
doi:10.1021/jf047947v

Hussain PR, Chatterjee S, Variyar PS, Sharma A, Dar MA,
Wani AM. Bioactive compounds and antioxidant activity of

gamma irradiated sun dried apricots (Prunus armeniaca L.).
JA Food Compos. Anal. 2013;30(2):59-66.
doi:10.1016/j.jfca.2013.02.001

Santos SC, Guiné RP, Barros A. Effect of drying

temperatures on the phenolic composition and antioxidant

193


https://doi.org/10.1007/s11130-013-0369-6
https://doi.org/10.1007/s11130-013-0369-6
https://doi.org/10.1016/j.lwt.2006.05.001
https://doi.org/10.1080/19476337.2019.1577918
https://doi.org/10.1007/s11947-012-0988-1
https://doi.org/10.1007/s11947-012-0988-1
https://doi.org/10.1016/j.scienta.2011.05.040
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1021/jf60218a027
https://doi.org/10.1590/S0103-84782006000400037
https://doi.org/10.1016/j.foodchem.2007.08.052
https://doi.org/10.1016/0889-1575(89)90060-4
https://doi.org/10.1007/s11130-011-0246-0
https://doi.org/10.1007/978-3-7643-7501-0
https://doi.org/10.1016/j.scienta.2013.04.002
https://doi.org/10.1093/ajcn/79.5.727
https://doi.org/10.1021/jf047947v
https://doi.org/10.1016/j.jfca.2013.02.001

Derardja & Barkat

38.

39.

40.

41.

42.

activity of pears of Rocha variety (Pyrus communis L.). J.
Food Meas. Charact. 2014;8(2):105-12.
doi:10.1007/s11694-014-9170-y

Harbourne N, Marete E, Jacquier JC, O’Riordan D.
Conventional extraction techniques for phytochemicals. In:
Tiwari B K, Brunton NP, Brennan CS, ed. Handbook of
plant food phytochemicals: Sources, stability and
extraction. 1% Ed. Wiley-Blackwell, Ltd; 2013:397-411.
ISBN:978-1-444-33810-2.

Huang W, Bi X, Zhang X, Liao X, Hu X, Wu J.
Comparative study of enzymes, phenolics, carotenoids and
color of apricot nectars treated by high hydrostatic pressure
and high temperature short time. Innov. Food Sci Emerg.
Tech. 2013;18:74-82. doi:10.1016/j.ifset.2013.01.001

Leong SY, Oey 1. Effects of processing on anthocyanins,
carotenoids and vitamin C in summer fruits and vegetables.
Food Chem. 2012;133(4):1577-87.
doi:10.1016/j.foodchem.2012.02.052

Acosta-Estrada BA, Gutiérrez-Uribe JA, Serna-Saldivar SO.
Bound phenolics in foods, a review. Food Chem.

2014;152:46-55. doi:10.1016/j.foodchem.2013.11.093

Brunton NP, Thermal processing. In: Tiwari B K, Brunton
NP, Brennan CS, ed. Handbook of plant food
phytochemicals: Sources, stability and extraction. 1% Ed.
Wiley-Blackwell, Led; 2013: 247-259. ISBN:978-1-444-
33810-2.

43.

44.

45.

46.

47.

Traditional sun-drying and oven-drying effects on carotenoids and phenolic compounds of apricot

Derardja AE, Pretzler M, Kampatsikas I, Barkat M, Rompel
A. Purification and characterization of latent polyphenol
oxidase from apricot (Prunus armeniaca L.). J. Agric. Food
Chem. 2017;65(37):8203-12.
doi:10.1021/acs.jafc.7b03210

Goénciioglu N, Mogol BA, Gékmen V. Phytochemicals and
health benefits of dried apricots. Dried Fruizs. 2013:226-
242. Chapt. 12. Wiley Online Library ISBN:
9780813811734 doi:10.1002/9781118464663.ch12

Pokorny J, Schmidt S. Natural antioxidant functionality
during food processing. In: Pokorny ], Yanishlieva N,
Gordon M, ed, Antioxidants in food. 1 Ed. CRC Press
LLC. 2001:331-350. ISBN: 9781855734630.

Gan RY, Lui WY, Chan CL, Corke H. Hot air drying
induces browning and enhances phenolic content and
antioxidant capacity in mung bean (Vigna Radiata L.)
sprouts. Journal of food processing and preservation. 2017;
41 (1): e12846. doi:10.1111/jfpp.12846

Lee DJ, Han JA, Lim ST. Enhancement of Antioxidant
Activity of Onion Powders by Browning during Drying
Process. Korean J. Food Sci. Technol. 2016;48(1):15-9.
doi:10.9721/KJFST.2016.48.1.15

Cite this article as: Derardja, A., & Barkat M. (2019). Effect of traditional sun-drying and oven-drying on carotenoids and phenolic compounds of apricot (Prunus armeniaca
L.). The North African Journal of Food and Nutrition Research, 3 (6): 186-194. https://doi.org/10.51745/najfnr.3.6.186-194

© 2019 The Author(s). This is an open-access article. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any

medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third-party material

in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is not

permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

194

Nor. Afr. ]. Food Nutr. Res. 2019; 3(6): 186-194


https://doi.org/10.1007/s11694-014-9170-y
https://doi.org/10.1016/j.ifset.2013.01.001
https://doi.org/10.1016/j.foodchem.2012.02.052
https://doi.org/10.1016/j.foodchem.2013.11.093
https://doi.org/10.1021/acs.jafc.7b03210
https://doi.org/10.1002/9781118464663.ch12
https://doi.org/10.1111/jfpp.12846
https://doi.org/10.9721/KJFST.2016.48.1.15
https://doi.org/10.51745/najfnr.3.6.186-1
http://creativecommons.org/licenses/by/4.0/

	Effect of traditional sun-drying and oven-drying on carotenoids and phenolic compounds of apricot (Prunus armeniaca L.)
	1 Introduction
	2 Material and Methods
	2.1 Plant materials
	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgment: The authors wish to thank the Algerian Ministry of Higher Education and Scientific Research (MESRS) for the financial support of this work.
	Conflict of Interests: The authors declare no conflict of interest.
	References
	Cite this article as: Derardja, A., & Barkat M. (2019). Effect of traditional sun-drying and oven-drying on carotenoids and phenolic compounds of apricot (Prunus armeniaca L.). The North African Journal of Food and Nutrition Research, 3 (6): 186-194. ...
	© 2019 The Author(s). This is an open-access article. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as yo...

