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ABSTRACT
Basil is a plant consumed fresh and dried in Mediterranean cuisine. The effect of drying on antioxidant activity, total phenolic content, ascorbic acid content and color of Ocimum bacilicum L.
from Turkey was investigated. The samples were dried by two methods: sun drying (RH 43-55%
for 2 days) and microwave drying (400 watts for 8 min). Total phenolics contents were ranged
from 34.1 to 62.2 mg GAE/g DM). The antioxidant activity based on the DPPH IC50 assay of the
basil extracts varied from 104 to 149.7. The initial content of ascorbic acid in basil was 134.3 mg/
100g. The ascorbic acid content of sun and microwave dried samples were 32.5, 25.5 mg/ 100g,
respectively. The values for the L*, a* and b* coordinates of the fresh basil were 55.14, -17.13
and 27.76, sun and microwave dried basil samples were 45.63, -1.73, 16.79, and 39.17, -12.19,
21.62, respectively. As a result of this study, it was determined that dried basil samples contain
more total phenolic component and have more antioxidant activity than fresh basil samples. It is
also possible to deduce from the results that heat-drying causes high levels of ascorbic acid degradation and causes significant changes in color materials.
Keywords: Ocimum bacilicum L., Antioxidant activity, Total phenolic content, Ascorbic acid
content
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Introduction
Polyphenols are responsible for various health benefits and
suggested to be a major bioactive compound of plants. Antioxidants play a major role to avoid food degradation, prevent
many diseases and aging. Recent researches have shown that
the consumption of plant polyphenols may protect against the
cardiovascular disease and certain forms of cancer (Gross,
2004; Neuhouser, 2004). Intake of natural antioxidants could
be increased body defense mechanism as anticarcinogen
(Ames, 1983). Lots of plants, spices and herbs contain antioxidative, antimicrobial, antimutagen and other nutritional
constituents in their tissues (Ateş and Erdoğrul, 2003;
Erdoğrul, 2002; Simon et al., 1999).
Basil is known for its substantial genetic heterogeneity with
between 65 and 150 species (Makri and Kintzios, 2007). Ocimum bacilicum L. or basil is a worldwide cultivated plant under a variety of ecological conditions but originating in warm
tropical climates of India, Africa and southern Asia
(Putievsky and Galambosi, 1999). Basil can used traditionally as culinary in the Mediterranean and Southeast Asian
foods. It is using in the treatment of a headache, cough, diarrhea and kidney malfunctions, against insect bites, acne and
it has long been used to flavor foods, as well as dental and
oral products (Simon et al., 1984). Local sweet basil, lemon
basil, purple ruffle and mintier Egyptian basil are most commonly used in European and American cuisine.
One of the oldest methods of preserving foods is drying or
desiccation. The preservation of foods by drying is a direct
removal or binding of moisture, which stops the growth of
microorganisms. The content of the moisture of the vegetables should be reduced below 4% to have satisfactory storage
life and quality (Jay, 2000). Fruits, vegetables and herbs are
often dried by sunlight. Studies about the different drying
methods on different matrixes have been attracting the attention of scientists.
Main objectives of this work were to study the antioxidant
activity, total phenolic content, ascorbic acid content and
color of Ocimum bacilicum L. from Turkey and effect of drying to these parameters were also determined.

Materials and Methods
All parts of cultivated Ocimum bacilicum L. were purchased
from Kahramanmaraş local markets during summer (JuneJuly 2018). Fresh, sun and microwave dried leaves of basil
samples were analyzed according to their antioxidant activity,
ascorbic acid content, total phenolic content and color
changes in three replicates. Taxonomic identification of the
samples was conducted by the KSU Department of Biology.

Extraction
For both fresh and dried samples, 1 g of basil samples extracted into 20 mL of acidified (with 1% hydrochloric acid,
v/v) methanol (80 %) on a shaker (170 rpm) for 2 h and filtered by Whatman paper (No:4). The same extract was used
for both total phenolic content and antioxidant activity analysis.
Total Phenolic Content
The concentration of total phenols in extracts was measured
by UV spectrophotometer (PG Instruments 25 UV/VIS),
based on a colorimetric oxidation/reduction reaction. The oxidizing agent was Folin-Ciocalteu reagent (Merck) (Ranilla et
al., 2010). For this purpose, 0.1 mL of diluted methanol extract (1%) and 2 mL of Na2CO3 (2%) was added and incubated for 5 minutes, 0.1 mL of Folin-Ciocalteu reagent was
added and incubated for 60 min at room temperature in the
dark. Distilled water was used for a control sample. The absorbance was measured at 760 nm. The results are expressed
as mg gallic acid equivalents/1 g in dry matter (mg GAE/g
DM).
DPPH Scavenging Activity
The capacity to scavenge the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (Sigma) free radical was monitored according to a
method reported before (Hatano et al., 1988). Various concentrations of sample extracts (0.1, 0.2, 0.3 mL) were mixed
with (2.9, 2.8, 2.7 mL) methanol and 1 mL of methanolic solution containing DPPH radicals (0.1mM) added to the mixture. The mixture was shaken hard and left in the dark until
stable absorption values were obtained. The reduction of the
DPPH radical was measured by monitoring continuously the
decrease in absorption at 517 nm. DPPH scavenging effect
was calculated as a percentage of DPPH discoloration using
the equation: % scavenging effect = [(ADPPH -AS)/ADPPH]
x100, where AS is the absorbance of the solution when the
sample extract has been added at a particular level and ADPPH
is the absorbance of the DPPH solution. Scavenging activity
in this assay was expressed as IC50, which represents the
concentration of the extract (mg/mL) required to inhibit 50%
of the free radical-scavenging activity. Butylated hydroxytoluene (BHT) was used as a positive control.
Ascorbic Acid Content
A 10 mL aliquot of the sample was placed into a 100 mL volumetric flask and brought to volume with 0.4% oxalic acid
solution. The solution was filtered by Whatman No. 4 filter
paper. A 10 mL aliquot of the filtered solution was pipetted
into a conical flask along with 15 mL of 0.4% oxalic acid solution. The solution was titrated, using a microburette, with
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0.04% aqueous sodium dichlorophenolindophenol solution to
the first pink shade. The sodium dichlorophenolindophenol
solution was standardized with sodium thiosulfate 0.01 N, in
a matrix of potassium iodide (50%) and HCl 1 N using starch
as an indicator. The absorbance was measured at 518 nm. The
results were expressed in mg/ 100g for both fresh and dried
samples (Hışıl, 1993).
A 10 mL portion of the sample was put in a 100 mL volumetric flask and completed to the target volume with an oxalic
acid solution that is 0.4%. The solution was filtered through
Whatman No 4 filter paper. A 10 mL aliquot of the filtered
solution was pipetted into the erlenmeyer with 15 mL of 0.4%
oxalic acid solution. The solution was titrated by a microburette with 0.04% aqueous sodium dichlorophenolindophenol solution until the appearance of the first pink tone.
Drying of the Basil Samples
Samples were dried by using two methods, sun drying (RH
43-55% for 2 days) and microwave drying (400 watts for 8
min).
Color Measurement
Color measurement was made before drying and after other
drying procedures a Konica Minolta CR-400 model colorimeter. The instrument was standardized each time with a white
and a black ceramic plate. The color values were expressed
as L (whiteness or brightness/darkness), a (redness/greenness) and b (yellowness/blueness) at any time, respectively
(L*= 97.45, a*=0.00, b*=1.77). The total color change
( 𝛥𝛥𝛥𝛥 = �(𝐿𝐿0 − 𝐿𝐿1 )2 + (𝑎𝑎0 − 𝑎𝑎1 )2 + (𝑏𝑏0 − 𝑏𝑏1 )2 ), was the
parameter considered for the overall color difference evaluation (Demirhan and Özbek, 2009).

Table1. The Average Concentration of Total
Content (AAC) of Basil Samples
Sample
TPC
(mg GAE/g DM)
34.1a
Fresh basil
48.2c
Sun-dried
62.2b
Microwave-dried

Statistical Analysis
The results of the analysis were subjected to one-way analysis
of variance (ANOVA) using a general linear model (GLM)
procedure in the SPSS software (SPSS Inc., Chicago, IL).
The means were compared for significance at the 5% level
using Duncan’s multiple range tests.

Results and Discussion
The average concentration of total phenolic content, DPPH
scavenging activity and ascorbic acid content of the basil
samples were presented in Table 1. Color measurement of the
fresh, sun and microwave dried samples were presented in
Table 2.
The amount of total phenolics ranged from 34.1 to 62.2 mg
GAE/g DM. Fresh basil’ s total phenolic content was determined as 34.1 mg GAE/g DM and consistent with the results
of Gajula et al. (2009), Javanmardi et al. (2003) and Hossain
et al. (2010) studies on different types of fresh basil samples.
However, it was seen that it is higher than the results of Śledź
et al. (2013), Bušić et al. (2014), Siti Mahirah et al. (2018)
studies. The highest total phenolic content was detected in
microwave dried samples as 62.2 mg GAE/g DM. It was determined that this result was higher than the results of Bušić
et al. (2014).
The antioxidant activity based on the DPPH IC50 assay of the
basil extracts varied from 104 to 149.7. The antioxidant activity of fresh basil was determined as 149.7. This result was
consistent with the results of Gajula et al. (2009) and Bayala
et al. (2014) studies. But it was found that higher than the
results of Bušić et al. (2014). The highest antioxidant activity
was detected in microwave dried samples as 104 (Table1).
All of the total phenolic contents and antioxidant activity results were in the range of the previous similar studies.

Phenolic Content (TPC), DPPH Scavenging Activity (DSA), Ascorbic Acid
DSA
(IC50)
149.7b
129.5b
104a

AAC
(mg/100g)
134.3a
32.5b
25.5c

Table 2. Color measurement of the fresh, sun and microwave dried basil samples
Sample
L*
a*
b* Chroma Hue
∆E
55.14 -17.13 27.76 32.62 -35.46
Fresh basil
45.63 -1.73 16.79 16.88
-5.85
21.16
Sun-dried
17.81
Microwave-dried 39.17 -12.19 21.62 24.82 -32.29
L (whiteness or brightness/darkness), a (redness/greenness), b (yellowness/blueness)
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Average antioxidant capacities for the fresh, sun and microwave dried basil samples in this study were determined using
DPPH free-radical scavenging assay. It is one of the most
commonly used methods to evaluate antioxidant capacity.
The 2,2-diphenyl-2-picrylhydrazyl radical has been used to
evaluate the free radical scavenging capacity of antioxidants
(Yu, 2001). It is possible to determine the antiradical power
of an antioxidant activity by measurement of the decrease in
the absorbance of DPPH- at 517 nm. The color change from
purple to yellow, the absorbance decreased when the DPPHwas scavenged by an antioxidant, through the donation of hydrogen to form a stable DPPH- molecule. This molecule had
an absorbance at 517 nm in the radical form which disappeared after acceptance of an electron or hydrogen radical
from an antioxidant compound to become a stable diamagnetic molecule (Matthäus, 2002)
The Folin-Ciocalteu assay to determine total phenolic concentrations is based on an electron transfer mechanism, and
typically has a high degree of linear correlation with DPPH
antioxidant capacity. This result also seemed in this study.
Furthermore, it has been found that the total amount of phenolic content is better preserved in microwave type drying
than in natural drying methods (sun) (Açıkgöz et al., 2015).
As reported in a study about the effects of drying on total phenolics of grape skins (Chism et al.,1996), phenolic compounds are frequently found in the outer areas of vacuoles.
Thus, phenolic compounds stored outside the organelles are
also more susceptible to degradation due to degradation of the
cell structure during the drying process (de Torres et al.,
2010).
Medicinal plants are used in different types of products as
fresh, dried and stored forms (Lin et al., 2011). Methods of
using different drying can be performed. Dehydration is one
of important preservation method, because it inhibits enzymatic degradation and limits microbial growth (Harbourne et
al., 2009; Muller and Heinds, 2006). Normally, the antioxidant (phenolic compounds, vitamins, etc.) content of fresh
plant materials is higher than that of dried plant materials,
these are degraded during drying. Some recent studies have
shown that dried plant materials contain higher antioxidants,
such as polyphenols, and antioxidant activity as compared to
fresh plant materials (Chang et al., 2006; Choi et al., 2006).
Drying also affected the antioxidant activity of fruits and vegetables differently (Choi et al., 2006; Kuljarachanan et al.,
2009). The initial content of ascorbic acid in fresh basil was
134.3 mg/ 100g. This result was consistent with the result of
Bušić et al. (2014) study. The ascorbic acid content of sun
and microwave dried samples were 32.5, 25.5 mg/ 100g, respectively and the differences were statistically important.
The degradation of ascorbic acid is considerably affected by
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the drying conditions, causing losses in almost every case. In
addition, Bušić et al. (2014) also reported a decrease in ascorbic acid content of about 22% with drying. Generally, every
kind of processing procedure has been decreased nutritional
value of fruits and vegetables compared to the fresh samples
(Barbosa-Canovas et al., 2008). The decrease of ascorbic acid
occurs as the oxidation of ascorbic acid to dehydroascorbic
acid (DHAA) (Singh and Rajini, 2004)
Despite a decrease in the ascorbic acid, the increase in the
total phenolic content and DPPH scavenging activity has
been reported in the present study. A decrease of ascorbic
acid, an increase of antioxidant activity was also reported in
tomato products processed at high temperatures (Nicoli et al.,
1997; Dewanto et al., 2002) and ascorbic acid content was
negatively correlated with FRAP values in berries (Pantelidis
et al., 2007). Decreased ascorbic acid content accompanied
with high antioxidant activity in thermal dried sweet potatoes
could be joined with ascorbic acid oxidation and phenol regeneration (Pantelidis et al., 2007; Yang et al., 2010).
Drying of basil samples resulted change in color. The average
values of the color parameters for basil in fresh, after sun and
microwave-drying are presented in Table 2 for L* (brightness), a* (redness), b* (yellowness), chroma, hue angle and
color change. The L* value represents the change in the lightness level of a sample and is useful to judge the brownness
and darkness of leaves after drying. The values for the L*, a*,
and b* coordinates of the fresh basil were 55.14, −17.13 and
27.76, respectively. The values for the L*, a* and b* coordinates of the sun-dried and microwave dried basil samples
were 45.63, -1.73, 16.79, and 39.17, -12.19, 21.62, respectively. Microwave drying produced no remarkable changes in
the color parameters of basil samples as compared with the
fresh basil. However, sun drying allowed both coordinates L*
and a* to rise and b* coordinate to decrease. The total color
difference ΔE, which is a combination of the L*, a* and b*
values is a colorimetric parameter extensively used to characterize the variation of color in foods during processing.
The fresh basils results were consistent with the results of
Śledź et al. (2013), but the ΔE result of the microwave dried
sample which in the present study was higher than it. However, similarly, a decrease was observed when the results of
microwave dried samples were compared. L*, a* and b* values found in another study on Basil were lower than the results obtained in the present study. But the Chroma value was
approximately the same. In the same study, the ΔE result for
the sun dried sample coincided with the result of the present
study (Bušić et al., 2014). The decrease of a* and b* values
may be due to decomposition of chlorophyll and other pigments and non-enzymatic reactions (Maskan, 2001). The

113

Food Health 6(2), 110-116 (2020) • https://doi.org/10.3153/FH20012

browning reactions occurring during drying can have a significant impact on the final color of the product. The enzymatic reaction due to PPO and Maillard reaction are the contributing factors to this change in color. The total color difference ∆E, which is a combination of the L*, a* and b* values is a colorimetric parameter extensively used to characterize the variation of color in foods during processing. The
color difference parameter had a value of 21.16 to the basil
sun-dried and decreased to 17.81 the microwave dried samples.

Conclusion
Studies about health promotion by plant phytochemicals have
been increasingly attracting the attention of scientists. The results of the present work showed that dried plant materials
contain higher total phenolics and antioxidants, drying enhanced antioxidant activity by the increasing of phenolic
compounds rate. However, from the results of the present
study, it was possible to conclude that thermal drying caused
a serious degradation of ascorbic acid and made color
changes in basil samples.
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