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One of the most challenging issues in the food and pharmaceutical industries is finding effective and safe antioxidants from
natural resources compared to their synthetic compounds, which have side effects. In this regard, Trehala manna was considered a
great antioxidant source categorized as the major type of manna produced naturally and by the Echinops plant in response to
insect activity. In this study, the antioxidant activity and phenolic content of the numerous Trehala manna in Echinops sp. have
been investigated. Different methods of radical scavenging activity comprising 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) and 2, 2-diphenyl-1-picrylhydrazyl (DPPH) have been investigated to evaluate antioxidant activity. The phenolic
contents were measured by Folin—Ciocalteu and standard phytochemical methods. Quantitative and qualitative amounts of
phenolic content, including caffeic, ferulic, coumaric, syringic, and hydroxybenzoic acids, were quantified by high-performance
liquid chromatography (HPLC). The results indicated the significant changes in the amounts of phenolics and the antioxidant
properties in Trehala manna samples, based on the place of collection. Based on results, antioxidant capacity detected by DPPH
and ABTS tests showed the IC5, values of 40-94 yg/mL and 28-72 ug/mL, respectively. Results of the FRAP test represented very
strong ferric ion reducing activities (0.04-0.83 mmol Fe2+/g). Ferric ion reducing data were not markedly different from ABTS
and DPPH ones. These samples also presented the highest phenolic content (1.32-2.28 mg GAE/100 g). Jahrom Trehala manna
was the highest in both phenolic content and antioxidant value, while Sabzevar was the lowest. We found a significant relationship
between the antioxidant values and total phenolic counts. It indicates that the phenolics contribute to the observed antioxidant
activities of these samples.

1. Introduction

Manna has been used as a natural health remedy in traditional
medicine. Additionally, it is being used as a mild laxative, and
also, it is used in dermatological products for its antiaging and
soothing activities, as an expectorant, cough suppressant, and
fluidizing. The manna consumption is also considered to
regulate hepatic and intestinal functions [1]. Liu et al. rep-
resented that the manna polysaccharides had the antioxidant
activity [2] which is produced in plants bark, limb, and leaf
either naturally or through insect’s activity [3]. The most
important manna types in Iranian traditional medicine are
manna from willow, Tamarisk, Astragalus arbusculinus, Co-
toneaster, Hedysarum manna, and Trehala manna [3]. Trehala
manna is also produced in Echinops sp. by Larinus insects

(Curculionidae family) [4, 5]. Echinops genus has about 120
species throughout the world, 54 of which have already been
identified in Iran; however, Trehala manna production has
only been documented in E. dichrous, E. endotrichus,
E. persepolitanus, and E. tenuisectus [6]. Karam and coworkers
confirmed in a previous study that the structure of water-
soluble polysaccharides of Trehala manna was elucidated [7].
These manna showed at least nine distinct polysaccharides
with different molecular weights, mainly containing glucose,
arabinose, galactose, and xylose. In this study, it has been
reported that Trehala manna has greater antioxidant activity
than ascorbic acid and vitamin E [7].

According to the following studies, the antioxidant ef-
fects of manna could have some biological activity. In the
recent survey carried out by Alessandro Attanzio and
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coworkers, the total antioxidant activity of manna extract
from Sicilian Fraxinus angustifolia was measured by FRAP,
Folin-Ciocalteu reaction, DPPH, ABTS, and radicals from
perferryl-myoglobin. These findings demonstrated that the
samples reduced the oxidant compounds with different
potentials. In cellular models, manna extract neutralized
membrane lipid oxidation of human erythrocytes and
prevented ROS production, like GSH decay in the intestinal
normal-like cells, in which interleukin-1f activates. How-
ever, in the in vitro intestinal bowel disease model, manna
extract decreased the proinflammatory cytokines, interleu-
kin 6 and interleukin 8 [1]. In another study, Azadeh
Hamedi and et al. reported that the immunomodulatory
effects of Trehala aqueous extract and its isolated polysac-
charides were evaluated. Based on the results, these com-
pounds displayed some immunomodulatory activities on the
Jurkat cell line dose-dependently. The molecular weight of
the polysaccharides greatly impacted their cytotoxic/pro-
liferative properties [7]. These data suggest that manna could
be both an antioxidant as well as a natural anti-inflammatory
product, in addition to its benefits in the treatment of
constipation.

In this study, a comprehensive investigation was per-
formed to determine the antioxidant activity, phenolic
content, flavonoid, anthocyanin, and carotenoid content of
Trehala manna collected from the endemic Echinops species
of Iran for the first time.

2. Materials and Methods

2.1. Materials. We obtained 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) from Sigma—AldriCh®. Folin-Ciocalteu, ABTS, and
FRAP reagents were purchased from Merck”, Germany.
Methanol, acetone, water (HPLC grade), and other lab
chemicals or reagents were purchased from Sigma-Aldrich®
(Saint Louis, USA).

2.2. Preparation of Manna Material. Trehala manna is some
type of manna exudates produced after feeding activities of
insects like Larinus species (Curculionidae family) on
Echinops species. Trehala manna were collected in Sep-
tember 2017 from sugary exudates crystalized on different
Echinops species, including E. macrophyllus (voucher: 3509),
E. orientalis (voucher: 3351), E. ritrodes (voucher: 3556), and
E. leiopolycresa (Voucher: 2105), growing in Shiraz, Jahrom,
Banarouyeh, Tehran, Sabzevar, and Mehriz in Iran. Mustafa
Ghanadian, Pharmacognosy professor, identified Trahala
manna, and voucher specimens were stored in Samsam-
Shariat Herbarium, Isfahan Pharmacognosy Department,
Isfahan University of Medical Sciences, Iran.

After collection, the samples were cleaned from insect
residuals and then milled by a grinder and sieved with a 60-
mesh size to obtain uniform particles. The grinded samples
of Trehala manna were stored in air-tight plastic bags in the
dark under refrigeration conditions until further use.

For the determination of phenolic compounds by HPLC
analysis, samples were prepared freshly before use. Briefly,
the weighed solid samples of each type of Trehala manna
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(400 mg) were added to 4mL of ethanol-water (1:1) con-
taining 0.1% acetic acid. The resulting mixtures were son-
icated twice and kept at 70°C for 10 minutes. It was filtered
and kept in the refrigerator until use. For other assays in-
cluding antioxidant, total phenolic, and total flavonoid
contents, the extraction processes were explained according
to the method, separately.

2.3. ABST Radical Scavenging Assay. Antioxidant activities
of Trehala manna samples were investigated according to the
method presented by Re et al. We prepared cation radical of
ABTS" through the reaction of ABTS" in water (7 mM) and
potassium persulfate (2.45 mM) in the ratio of 1:1. It was
kept in the dark condition for 16 hours (room temperature)
before use. The ABTS" radical cation was diluted with pure
ethanol to reach the absorption of 0.7 at 734 nm. After that,
2mL of ABTS was mixed with 2 mL of sample extracts and
was then stirred. ABTS solution was used as the control.
Samples were left for 10 minutes at room temperature; then,
the absorptions of these samples were measured at 734 nm.
We read the absorbance 10 min after initial mixing at 30°C.
Solution preparations and all determinations were per-
formed in triplicate. The following equation obtained the
inhibitory percentage of ABTS+e:

control —

A

Asample

x 100.

(1)

ABTS"scavenging percentage =
control

Agample is the absorbance of the sample after 6 minutes,
and A oneror 18 the absorbance of the control after 10 minutes.

2.4. DPPH Free Radical Scavenging Assay. This assay was
performed according to the procedure described by Wang
et al. [8]. Briefly, 50 uL of aqueous Trehala manna samples at
different concentrations (50-300ug/mL) were added in
50 uL of a DPPH solution (0.1 mM in ethanol). Ascorbic acid
was employed as a positive control. The obtained mixture
was vigorously mixed on a shaker and stored for 30 minutes
at 37°C in the dark. The absorbance of the solutions was
measured at 517nm on a UV-visible spectrophotometer
(Genesis, USA). DPPH free radical scavenging (FRS) activity
was calculated by using the following equation:

sample

1 -
scavenging ability (%) = % 100. (2)

control
Agample i the absorbance of the solutions containing
different Trehala manna concentrations, and A gneo) i the
absorbance at 517nm of the solution without Trehala
manna.

2.5. Measurement of Ferric Ion Reducing Power (FRAP).
According to the procedure of the ferric ion reducing power
(FRAP) [9, 10], the FRAP reagent was freshly made froma 1:
1:10 mixture of solutions: ferrous chloride (20 mM), 2,4,6-
tripyridyl-S-triazine (TPTZ) (10 mM), and acetate buffer
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(0.3M, pH 3.6). Then, 100 uL of diluted Trehala manna
sample was mixed with 4.1 mL of FRAP solution, and its
absorbance was read at 593 nm.

2.6. Evaluation of Total Phenol Content. The total phenol
content of Trehala manna samples was measured by
Folin-Ciocalteu reagent according to the modified version
of the method described by Singleton and Rossi (1965) [11].
Briefly, 0.5 mL of manna samples (0.1 mg/mL) was mixed
with 0.5 mL Folin-Ciocalteu reagent. The obtained mixtures
were left for 5 minutes at room temperature. Then, 0.5 mL of
20% (w/v) sodium carbonate solution was added to the
mixtures and then stirred gently. The mixtures were diluted
to a final volume of 5mL with distilled water. Then, they
were homogenized and stored at room temperature in the
dark for 30 minutes, after which the absorbance of the
solutions was measured at 725 nm, and their total phenol
content was calculated using a standard curve using gallic
acid (0-300mg/L). The total phenol content of Trehala
manna samples was calculated based on gallic acid equiv-
alents (GAE) and of mg/100 g of Trehala manna sample [11].

2.7. Evaluation of Total Flavonoid Content. Total flavonoid
contents in Trehala manna samples were determined using
UV spectrophotometry. 1 mL (1 mg/mL methanol) of dif-
ferent Trehala manna samples was mixed with 1 mL alu-
minum chloride (2% in methanol). The samples were
incubated at room temperature for 1h. The absorption of
samples was measured at 415nm in three replicates. A
similar method was used for quercetin standard solutions,
and a standard curve was drawn (Figure 1). Finally, total
flavonoid contents were calculated and reported as quercetin
equivalent (QUE) (mg/QUE of the sample) [12].

2.8. Evaluation of Total Anthocyanin Content. Total antho-
cyanin contents in Trehala manna samples were determined
according to Giusti and Wrolstad’s method with minor
modifications. 100mg of each sample was dissolved in
100 mL distilled water and used for measuring anthocyanin
concentration. Absorptions of the samples were measured
using visible spectrophotometry (Genesis, USA) at wave-
lengths of 510 nm and 700 nm in pH of 1.0 and 4.5 buffer
solutions, respectively. Total anthocyanin contents were
determined using cyanidin-3-glucoside molar absorption
coeflicient (¢ =269001) as follows:

A =[(A510 — A700)pH1.0 — (A510 — A700)pH4.5].  (3)

2.9. Measurement of Total Carotenoid Content. Extracts of
different manna samples of Trehala manna were mixed with
hexane-ethanol (with ratio 9:1 by volume) and centrifuged
at 1000 rpm for 5 minutes. After filtration, the absorbance of
the samples was measured at 625 nm, and total carotenoid
contents were calculated according to the following
equation:

y=0.038x - 0.013
R’=0.999

Absorption (AU)

0 10 20 30 40 50 60
Concentration (mg/L)

FiGure 1: Standard curve of quercetin for the determination of total
flavonoid content in different Trehala manna samples.

AxV %10°

AFV T total carotenoid | 29 , (4)
2500 * 100 * g g

where V' represents the final volume, A represents the
maximum absorption, and g represents the sample
weight in g.

2.10. Determination of Phenolic Compounds Present in Tre-
hala Manna Samples Using HPLC. Phenolic compounds
present in different Trehala manna samples were determined
using a modified version of the Wen et al. (2005) method.
Manna samples (400 mg) were added to 4 mL of ethanol-
water (1:1) containing 0.1% acetic acid, and the resulting
mixtures were sonicated twice and kept at 70°C for 10
minutes. Finally, the extracts were injected into HPLC ap-
paratus (HPLC Rigol L-300) equipped with a UV-Vis de-
tector using an RP-18 (150 mm, 4.6 mm, with mesh size
5um) HPLC column (Merck, Germany) (Figure 2).

2.11. Statistical Analysis. Using SPSS software, the mean-
ingfulness of treatment was evaluated using a one-way
analysis of variance in the Kolmogorov-Smirnov test. The
Duncan test was used to compare the average values in cases
where the total effect of treatment was found meaningful.

3. Results

3.1. ABST Radical Scavenging Assay. Generally, common
phenolic compounds possessing antioxidant activity are
phenolic acids and flavonoids. Flavonoids based on their
chemical structure are classified mainly into flavonols, fla-
vones, flavanones, isoflavones, catechins, and anthocyani-
dins. Phenolic acids are a major group of phenolic
compounds extensively found in medicinal plants, especially
fruits and vegetables. Total phenolic content alone is not a
precise and constant criterion for the confirmation of the
high antioxidant power of a sample, but the nature, type, and
concentration of its individual compounds are important.
TEAC assay checks the potential of samples to scavenge 2,
2'-azino-bis  (3-ethylbenzothiazoline-6-sulphonic  acid),
which is a stable radical cation with maximum absorption at
734nm in which its OD is reduced antioxidant samples.
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FiGgure 2: HPLC profile of phenolic acid standards. 1, parahydroxybenzoic acid (rt = 10.6 min); 2, caffeic acid (rt = 12.0 min); 3, syringic acid
(rt=12.2 min); 4, coumaric acid (rt=13.9 min); and 5, ferulic acid (rt = 14.2 min).

Based on this method, the total antioxidant capacities of
Trehala manna samples are given in Table 1. These data
showed that the Trehala manna samples obtained from the
Jahrom region had the highest TEAC potential among all the
samples. Furthermore, Table 2 shows that there is a
meaningful difference in phenolic acid contents from dif-
ferent Trehala manna samples (p < 0.05), which may be due
to environmental conditions such as climate, region, tem-
perature, fertility, diseases, and exposure to pests [13-15].

3.2. DPPH Free Radical Scavenging Assay. In this method,
pink stable radical DPPH (Amax = 517 nm) is neutralized to a
colorless compound by proton donation or radical scav-
enging ability. According to the obtained results, it was
found (Table 1) that the effect of the plant gathering region
on the free radical inhibition activity of DPPH was mean-
ingful at a 5% level. Free radical inhibition activity of DPPH
in different Trehala manna samples ranged from 40% to
94%. Jahrom manna had the lowest free radical inhibition
activity for DPPH. Tehran, Banarouyeh, Mehriz, Shiraz, and
Sabzevar were ranked in DPPH values in the increasing
order. By the before said mechanism, the polysaccharides in
different Trehala manna samples could act as electron do-
nors and react with DPPH free radicals and consequently
transform them into stable products. These results are in
agreement with the investigation of polysaccharide com-
pounds in Helicteres angustifolia plants which showed the
free radical inhibition activity of 32.81%-89.83% [16]. Liu
et al. (2017) also performed three tests, including detection
of free radical of superoxide anion, free radical test, and
detection of DPPH free radical on Schisandra sphenanthera
plant, which is rich in polysaccharides and found a direct
relationship between the concentration of water-soluble
polysaccharides and antioxidant activity [17]. According to
the obtained results, it was observed that the effect of region
on DPPH free radical inhibition was meaningful at a 5%
level. Manna obtained from Trehala manna collected from
Jahrom (IC5¢% =39.705 + 1.322 ul) had the highest DPPH
free radical inhibition capacity. The samples collected from
Tehran, Banarouyeh, Mehriz, Shiraz, and Sabzevar were in
the following rankings. DPPH free radical inhibition activity
among Trehala manna samples ranged 39.70%-93.72%.
Salmanian et al. [18] reported that by increasing the per-
centage of the extract, its inhibition capacity was increased

[19], which suggests a direct relation between reducing
property and phenolic compound percentage. Free radicals
can destroy different macromolecules like proteins, nucleic
acids, and lipids [20]. In the case of carbohydrates, free
radicals break carbon-hydrogen bonds in aldose ring, uronic
acid, and all carbohydrate groups except C2 in N-acetyl
hexamine [21].

Natural extracts are considered valuable antioxidant
sources, especially polysaccharides that have the ability of
free radical tracing. Research studies have shown that some
polysaccharides can inhibit lipid peroxidation, enhance free
radical’s inhibition ability of the body, and inhibit cardio-
vascular and brain diseases. According to the obtained re-
sults, the Trehala manna sample collected from Jahrom
(ICs50% =27.703 + 1.169 pl) had the highest Trolox equivalent
antioxidant potential among all samples, and the lowest
value was obtained from the sample collected from Sabzevar
(IC50% =72.503 £ 2.734 pl). Relatively stable DPPH radical is
extensively being used in the determination of antioxidant
activities of different individual compounds and plant ex-
tracts [22].

3.3. Measurement of Ferric Ion Reducing Power (FRAP).
The antioxidant properties of different Trehala manna
samples are given in Table 1.

3.4. Evaluation of Total Phenol Content. Total phenolic
content in Trehala manna was measured according to
Folin-Ciocalteu. The total amount of phenols, in the range
of 1.3-2.3mg GAE per 100g, is relatively low (only about
0.01-0.02% of the total weight of the manna samples). Also,
there was quite a lot of variation in the samples. Manna
obtained from Jahrom had the highest total phenolic con-
tent, and samples obtained from Mehriz, Tehran, Sabzevar,
Shiraz, and Banarouyeh were in the next rankings, re-
spectively (Table 3). It was found that the effect of the plant
gathering region on the phenolic content of samples was
meaningful.

3.5. Evaluation of Total Flavonoid Content. In this work, the
flavonoid contents of the samples were determined in terms
of mg quercetin/g of extract (Table 3). The obtained results
showed that Trehala manna samples obtained from Shiraz
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TaBLE 1: Antioxidant properties of different Trehala manna samples.

Sample (region)

Inhibition activity, DPPH* (IC5%)

Inhibition activity, ABTS™ (IC5,%)

FRAP test (mmol Fe*'/g)

Shiraz 81.00+1.32
Jahrom 39.71+1.32¢
Banarouyeh 63.37 £1.32°
Tehran 42.85+1.32¢
Sabzevar 93.72+1.32°
Mehriz 63.87 +1.32¢

64.00 + 2.90° 0.830 +0.014%
27.70 +2.90° 0.153 +0.014°
63.87 +2.90° 0.106 +0.014°
34.65 + 2.90° 0.155+0.014°
72.50 + 2.90° 0.069 + 0.0144
39.06 + 2.90° 0.045 + 0.014¢

a, b, ¢, and d in each column indicate significant differences between treatments at p <0.05.

TaBLE 2: Phenolic acids contents in different Trehala manna samples.

Phenolic acids (mg/kg)

Sample Hydroxybenzoic acid Caffeic acid Syringic acid Coumaric acid Ferulic acid
Shiraz n.d. 2.5 n.d. 1.87 5.7%x107!
Jahrom n.d. 3.2 n.d. 1.9 1.3x107"
Banarouyeh n.d. 1.2 n.d. 1.6 51x 107"
Tehran n.d. 2.1 n.d. 1.7 8.2x107"
Sabzevar n.d. 1.5 n.d. 1.8 6.7x107"
Mehriz n.d. 1.4 n.d. 1.7 7.1x107"

TasLE 3: Total phenolic compounds, flavonoid, carotenoid, and anthocyanin in Trehala manna samples collected from different regions.

Total carotenoid

Sample Phenolic compounds (mg GAE/100g) Flavonoids (mg QUE/100 g) (mg/g) Anthocyanins (mg cyanidin/g)
Shiraz 14.0+2.1° 8.28 +0.73° 8.09 +1.13° 0.025 + 0.005°
Jahrom 23.0+2.1° 7.94+0.73° 7.88+1.13% 0.033 £0.005*
Banarouyeh 13.0+2.1¢ 4.68+0.73° 2.59+1.13° 0.015 + 0.005°
Tehran 20.0 £2.1° 712+0.73% 4.40+1.13% 0.019 + 0.005"
Sabzevar 15.0+2.1° 712+0.73% 4.77 +1.13% 0.036 + 0.005*
Mehriz 21.0+2.1° 487+0.73° 3.08 £1.13¢ 0.017 + 0.005"

a, b, ¢, and d in each column indicate significant differences between treatments at p <0.05.

and Jahrom had the highest flavonoid contents among all
samples examined (8.275 +0.388 and 7.935 + 0.049 mg QUE
per 100 g, respectively). On the other hand, samples collected
from Banarouyeh had the lowest flavonoid content
(4.680+0.480), and the Trehala manna sample obtained
from Banarouyeh had the least concentration of this com-
pound (0.015+0.11).

3.6.  Evaluation of Total Anthocyanin  Content.
Anthocyanin pigments create red, purple, and blue colors in
many fruits, vegetables, cereals, and plant structures. More
than 300 anthocyanin types have been identified to be an-
tioxidant compounds due to the distinctions in their
structures [23]. By investigating the concentrations of an-
thocyanins in different Trehala manna samples (Table 2), it
was observed that samples collected from Jahrom and Shiraz
had the highest concentrations of anthocyanin among all the
samples (0.036+0.014 and 0.033 +0.007mg/g cyanidin
equivalent, respectively), and the lowest concentration of
this compound was found in samples collected from
Banarouyeh (0.015+0.011). The presence of catechin and
anthocyanins may describe high antioxidant capacity in
plants. It has been reported that procyanidins had the
highest FRS capacity among the all-natural phenolic com-
pounds [24].

3.7. Measurement of Total Carotenoid Content. According to
the obtained results (Table 3), Trehala manna samples
collected from Shiraz and Jahrom had the highest con-
centrations of carotenoid (8.0915 +1.025 and 7.880 + 1.697,
respectively), and its lowest concentration has been detected
in the samples collected from Banarouyeh (2.590 + 1.038).
Carotenoids include f-carotene, wa-carotene, f-cryptox-
anthin, and a-cryptoxanthin, which can be transformed to
vitamin A in the body [25]. They are a vital group of fat-
soluble functional compounds and are extensively found in
plants, animals, and microbes. Carotenoids possess several
important functions including antioxidant activity, pre-
vention of cardiovascular diseases, and cancer, and in some
cases, they act as vitamin precursors [26].

3.8. Determination of Phenolic Compounds Present in Trehala
Manna Samples Using HPLC. As indicated in Table 2, the
plant gathering region has a significant effect on the content
of phenolic acids in Trehala manna samples (p < 0.05). The
contents of hydroxybenzoic acid and syringic acid were
similar in all treatments and lower than 0.1 and 0.2 mg/kg,
respectively. The Trehala manna sample collected from
Jahrom has the highest percentages of caffeic (3.2 mg/kg)
and coumaric (1.9 mg/kg) acids. Samples were collected
from Shiraz with 2.5mg/kg caffeic acid and 1.87 mg/kg



coumaric acid in the second ranking order. Trehala manna
samples collected from Tehran had the highest ferulic acid
content among all five samples, and that collected from
Jahrom had the lowest amount.

4. Discussion

The antioxidant potential of herbal extracts is not only re-
lated to the extracted ingredient but also to the conditions of
the assay used. The numerous published methods for de-
termining the total antioxidant capacity have been reported
in the in vitro model, which can be categorized in two types:
hydrogen atom transfer assays (HAT) and electron transfer
assays (ET). HAT assays exert a competitive reaction plot, in
which substrate and antioxidant compete for thermally
producing peroxyl radicals. ET assays quantify the antiox-
idant capacity to diminish an oxidant activity, which convert
the color when reduced. The grade of color converting is
associated with the concentration of the antioxidant sample.
ET assays comprise the total phenols assay by ABTS, DPPH
radical scavenging capacity assays, Folin-Ciocalteu reagent,
and the FRAP assay [27]. No single assay is adequate; more
than one type of procedure to evaluate the antioxidant
capacity must be accomplished to consider the different
mechanisms of action of antioxidants [27, 28]. In the present
study, the FR’s capacities of the selected manna were
measured by DPPH and ABTS assays, and the FRAP assay
determined their ferric reducing capacities. ABTS, FRAP,
and DPPH assays are used to measure the antioxidant
powers of extract and compounds as they need compara-
tively standard implementation and deliver expeditious and
reproducible outcomes. Undoubtedly, these four methods
for determining the antioxidant capacities represented that
ABTS and DPPH assays are the simplest with the most
reproducible results [29]. One of the advantages of the ABTS
is the wavelength absorption at 734 nm, which eliminates
color interference [30].

These assays, such as FRAP, DPPH, and ABTS, repre-
sented comparable outcomes for the antioxidant activity
determined in aqueous extracts of six selected manna. In the
study, has confirmed by Thaipong et al., it was reported that
the most correlations were detected between DPPH and
ABTS assays [31], and the lowest correlations were detected
between the FRAP assay and others.

Remarkable correlations were also detected between
DPPH, ABTS, and the amount of phenolic acid (caffeic acid
and coumaric acid) content determined by the HPLC
method. These results indicate a relationship between
phenolic acid content in manna and their FRS and ferric
reducing capacities. Hence, the presence of phenolic acid
components in manna contributes remarkably to their
antioxidant capacity. These findings are in accordance with
previous reports that FR’s potential can be related to phe-
nolic content [32, 33]. Antioxidant characteristics of phe-
nolic compounds are directly associated with their chemical
structures. Phenolic compounds consist of one or more than
one aromatic rings with at least one OH group. They can
conceivably quench the produced free radicals via gener-
ating resonance-stabilized phenoxyl radicals [34, 35].
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Through the six selected manna were analysed, Sabzevar
and Shiraz possessed the most antioxidant characteristics. In
a recent study on manna of some Fraxinus species, the anti-
inflammatory and antioxidant capacities of these phyto-
complex compounds were reported [1]. Manna is an im-
portant potential source of polysaccharides and natural
antioxidants [1, 7]. Here, it was detected Sabzevar manna
possessed high antioxidant properties by DPPH and ABTS
assays. It might be because of a high polysaccharide and
macromolecule carbohydrate content as well as high an-
thocyanin content, and Shiraz by FRAP assay that might
probably be associated with a very high polysaccharide and
macromolecule carbohydrate content and also highest fla-
vonoid and carotenoid content [7] more than that of several
commercial antioxidant-rich plants and well-known anti-
oxidant-plant extracts [31]. The study that Bertrand Payet
and coworkers have confirmed represented that the brown
sugar extracts exhibited interesting FRS activities despite the
low content of phenolic compounds [36]. It could be related
to the antioxidant activity of sugars such as fructose, glucose,
and ribose, and polysaccharides that correlate the effec-
tiveness of different Maillard reaction products to scavenge
free radicals substrates and reaction conditions [37, 38]. On
the other side, Jahrom manna showed the highest phenolic
compound comprising the highest caffeic and coumaric acid
content. However, it had the lowest antioxidant properties
by DPPH and ABTS assays that it is probably related to the
content of the sugars and polysaccharides. In the present
study, the prosperous source of natural antioxidants was
identified from Trehala manna that was poorly studied and
represented good antioxidant capacities. Additional inves-
tigations are required to identify Trehala manna extracts’
active components and biological effects to be included in
supplements or nutraceutical formulations.

5. Conclusions

For the first time, this work reports evidence regarding the
Trehala manna’s antioxidant properties and phytochemical
content, which may prepare a scientific proof of this
product’s traditionally recorded health benefits.

In the present study, the polyphenol composition of an
aqueous extract of manna was reported, and its antioxidant
capacity was demonstrated.

The high levels of phenols/polyphenols in our extracts,
with caffeic acid, coumaric acid, and ferulic acid as the major
components, and the high content of flavonoid, carotenoid
anthocyanin, and saccharide/polysaccharide can account for
the FRS properties of manna.

Well-known manna health benefits have frequently been
described and are in accordance with the characteristics of
mannitol, a polyol with osmotically active cell-compatible
[39]. The antioxidative effects here determined extrap-
otential functional features to this product. Despite the wide
experimental approaches confirmed in this study, aiming to
assay the antioxidative potential of different collections of
Trehala manna, a limitation of the present study is related to
the in vitro system. In this way and considering the current
outcomes suggesting the potential Trehala manna to control
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redox-regulated signaling, investigation on the effects of
Trehala manna in normal and pathological in vivo ap-
proaches are in progress.

Abbreviations

ABTS: 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulphonic

acid)

DPPH: 2, 2-Diphenyl-1-picrylhydrazyl

HPLC: High-performance liquid chromatography
FRAP: Ferric ion reducing power

GAE: Gallic acid

IL: Interleukin
TEAC: Trolox equivalent antioxidant capacity
OD:  Optical density

IC: Inhibitory concentration
QUE: Quercetin.
Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

References

[1] A. Attanzio, A. D’Anneo, F. Pappalardo et al., “Phenolic
composition of hydrophilic extract of manna from Sicilian
fraxinus angustifolia vahl and its reducing, antioxidant and
anti-inflammatory activity in vitro,” Antioxidants, vol. 8,
no. 10, p. 494, 2019.

[2] Y. Liu, G. Huang, and M. Lv, “Extraction, characterization
and antioxidant activities of mannan from yeast cell wall,”
International Journal of Biological Macromolecules, vol. 118,
pp. 952-956, 2018.

[3] M. Mohammadi and M. Dini, Identification of Manna
Sources, Production Mechanism and Utilization in Iran, 2003.

[4] H. N. Ahmadabada, M. N. Firizia, and M. Behnamfarb,
“Immunostimulatory effects of Trehala manna ethanolic extract
on splenocytes and peritoneal macrophages in vitro. Immunos-
timulatory effects of Trehala manna ethanolic extract,” Journal of
Medicinal Plant and Natural Product, vol. 11, no. 1, 2016.

[5] S. Yazdanparats, P. Ziarati, and J. Asgarpanah, “Nutritive
values of some Iranian Manna,” Biosciences Biotechnology
Research Asia, vol. 11, no. 2, pp. 1025-1029, 2014.

[6] M. Dini, P. Babakhanlou, M. Mohammadi, and M. Golipour,
“Investigation and identification of Shekertighal manna in
Tehran province,” Iranian Journal of Medicinal and Aromatic
Plants, vol. 162, pp. 121-126, 2002.

[7] A. Hamedi, S. Farjadian, and M. R. Karami, “Immuno-
modulatory properties of Trehala manna decoction and its
isolated carbohydrate macromolecules,” Journal of Ethno-
pharmacology, vol. 12, pp. 67-85, 2015.

[8] Y. Wang, Z. Yang, and X. Wei, “Antioxidant activities po-
tential of tea polysaccharide fractions obtained by ultra fil-
tration,” International Journal of Biological Macromolecules,
vol. 50, no. 3, pp. 558-564, 2012.

[9] P.C. Wootton-Beard, A. Moran, and L. Ryan, “Stability of the
total antioxidant capacity and total polyphenol content of 23
commercially available vegetable juices before and after in

vitro digestion measured by FRAP, DPPH, ABTS and Folin-
Ciocalteu methods,” Food Research International, vol. 44,
no. 1, pp. 217-224, 2011.

[10] P. Wanasundara and F. Shahidi, “Antioxidants: science,
technology, and applications,” Bailey’s industrial oil and fat
products, 2005.

[11] V.L.Singleton and]. A. Rossi, “Colorimetry of total phenolics
with  phosphomolybdic-phosphotungstic acid reagents,”
American Journal of Enology and Viticulture, vol. 16, no. 3,
pp. 144-158, 1965.

[12] A. Meda, C. E. Lamien, M. Romito, J. Millogo, and
O. G. Nacoulma, “Determination of the total phenolic, fla-
vonoid and proline contents in Burkina Fasan honey, as well
as their radical scavenging activity,” Food Chemistry, vol. 91,
no. 3, pp. 571-577, 2005.

[13] M. A. Lila, “Anthocyanins and human health: an in vitro
investigative approach,” Journal of Biomedicine and Bio-
technology, vol. 2004, no. 5, pp. 306-313, 2004.

[14] A. Wojdylo, J. Oszmianski, and R. Czemerys, “Antioxidant
activity and phenolic compounds in 32 selected herbs,” Food
Chemistry, vol. 105, no. 3, pp. 940-949, 2007.

[15] L. Subedi, S. Timalsena, P. Duwadi, R. Thapa, A. Paudel, and
K. Parajuli, “Antioxidant activity and phenol and flavonoid
contents of eight medicinal plants from Western Nepal,”
Journal of Traditional Chinese Medicine, vol. 34, no. 5,
pp. 584-590, 2014.

[16] Y. Cui, N. Shen, X. Yuan et al., “Two-dimensional chroma-
tography based on on-line HPLC-DPPH bioactivity-guided
assay for the preparative isolation of analogue antioxidant
compound from Arenaria kansuensis,” Journal of Chroma-
tography B, vol. 1046, pp. 81-86, 2017.

[17] J. Niu, G. Xu, S. Jiang, H. Li, and G. Yuan, “In vitro anti-
oxidant activities and anti-diabetic effect of a polysaccharide
from Schisandra sphenanthera in rats with type 2 diabetes,”
International Journal of Biological Macromolecules, vol. 94,
pp. 154-160, 2017.

[18] S. Salmanian, M. A. Sadeghi, M. Alami, and M. Ghorbani,
“Determination of antiradical and antioxidant activities and
flavonoid content in hawthorn fruit (Crataegus elbursensis),”
Journal of Nutrition Science & Food Technology, vol. 8, no. 1,
p- 177, 2013.

[19] M. Kamali, S. Khosroyar, and M. R. Jalilvand, “Evaluation of
phenolic, flavonoids, anthocyanin contents and antioxidant
capacities of different extracts of aerial parts of Dracoce-
phalum kotschyi,” Journal of North Khorasan University of
Medical Sciences, vol. 6, no. 3, pp. 627-634, 2014.

[20] R.]. Reiter, D. Melchiorri, E. Sewerynek et al., “A review of the
evidence supporting melatonin’s role as an antioxidant,”
Journal of Pineal Research, vol. 18, no. 1, pp. 1-11, 1995.

[21] J. Duan and D. L. Kasper, “Oxidative depolymerization of
polysaccharides by reactive oxygen/nitrogen species,” Gly-
cobiology, vol. 21, no. 4, pp. 401-409, 2011.

[22] V. Katalinic, M. Milos, T. Kulisic, and M. Jukic, “Screening of
70 medicinal plant extracts for antioxidant capacity and total
phenols,” Food Chemistry, vol. 94, no. 4, pp. 550-557, 2006.

[23] A. Dandena, I. Leimane, and U. Kletnieks, “Validation of mo-
nomeric anthocianin determination method for bilberry juice
and marc extracts,” Journal of Life Sciences, vol. 6, no. 12, 2012.

[24] B. Shan, Y. Z. Cai, M. Sun, and H. Corke, “Antioxidant ca-
pacity of 26 spice extracts and characterization of their
phenolic constituents,” Journal of Agricultural and Food
Chemistry, vol. 53, no. 20, pp. 7749-7759, 2005.

[25] G. A. Garzén, C.-E. Narvdez-Cuenca, R. E. Kopec,
A. M. Barry, K. M. Riedl, and S. J. Schwartz, “Determination



(26]

(27]

(28]

[29]

(30]

(31]

[32

(33]

(34]

[35

[36

(37]

(38]

(39]

of carotenoids, total phenolic content, and antioxidant activity
of arazd (eugenia stipitataMcVaugh), an amazonian fruit,”
Journal of Agricultural and Food Chemistry, vol. 60, no. 18,
pp. 4709-4717, 2012.

Z. Li, L. Kong, B. Hui et al., “Identification and antioxidant
activity of carotenoids from superfine powder of Rhodobacter
sphaeroides,” Emirates Journal of Food and Agriculture,
vol. 29, pp. 833-845, 2017.

D. Huang, B. Ou, and R. L. Prior, “The chemistry behind
antioxidant capacity assays,” Journal of Agricultural and Food
Chemistry, vol. 53, no. 6, pp. 1841-1856, 2005.

R. L. Prior and G. Cao, “In vivo total antioxidant capacity:
comparison of different analytical methodsl,” Free Radical
Biology and Medicine, vol. 27, no. 11-12, pp. 1173-1181, 1999.
J. Buenger, H. Ackermann, A. Jentzsch et al., “An inter-
laboratory comparison of methods used to assess antioxidant
potentialsl,” International Journal of Cosmetic Science, vol. 28,
no. 2, pp. 135-146, 2006.

H.-B. Li, C.-C. Wong, K.-W. Cheng, and F. Chen, “Antiox-
idant properties in vitro and total phenolic contents in
methanol extracts from medicinal plants,” Lebensmittel-
Wissenschaft und-Technologie-Food Science and Technology,
vol. 41, no. 3, pp. 385-390, 2008.

K. Thaipong, U. Boonprakob, K. Crosby, L. Cisneros-Zevallos,
and D. H. Byrne, “Comparison of ABTS, DPPH, FRAP, and
ORAC assays for estimating antioxidant activity from guava
fruit extracts,” Journal of Food Composition and Analysis,
vol. 19, no. 6-7, pp. 669-675, 2006.

H. Zhang, Y.-F. Yang, and Z.-Q. Zhou, “Phenolic and fla-
vonoid contents of Mandarin (Citrus reticulata Blanco) fruit
tissues and their antioxidant capacity as evaluated by DPPH
and ABTS methods,” Journal of Integrative Agriculture,
vol. 17, no. 1, pp. 256-263, 2018.

S. Dudonné, X. Vitrac, P. Coutiére, M. Woillez, and
J.-M. Mérillon, “Comparative study of antioxidant properties
and total phenolic content of 30 plant extracts of industrial
interest using DPPH, ABTS, FRAP, SOD, and ORAC assays,”
Journal of Agricultural and Food Chemistry, vol. 57, no. 5,
pp. 1768-1774, 2009.

C. A. Rice-Evans, N. J. Miller, and G. Paganga, “Structure-
antioxidant activity relationships of flavonoids and phenolic
acids,” Free Radical Biology and Medicine, vol. 20, no. 7,
pp. 933-956, 1996.

W. Bors and C. Michel, “Chemistry of the antioxidant effect of
polyphenols,” Annals of the New York Academy of Sciences,
vol. 957, no. 1, pp. 57-69, 2002.

B. Payet, A. Shum Cheong Sing, and J. Smadja, “Assessment of
antioxidant activity of cane brown sugars by ABTS and DPPH
radical scavenging assays: determination of their polyphenolic
and volatile constituents,” Journal of Agricultural and Food
Chemistry, vol. 53, no. 26, pp. 10074-10079, 2005.

A. N. Wijewickreme, Z. Krejpcio, and D. D. Kitts, “Hydroxyl
scavenging activity of glucose, fructose, and ribose-lysine
model maillard products,” Journal of Food Science, vol. 64,
no. 3, pp. 457-461, 1999.

J. S. Ma, H. Liu, C. R Han et al., “Extraction, characterization
and antioxidant activity of polysaccharide from Pouteria
campechiana seed,” Carbohydrate Polymers, vol. 229, Article
ID 115409, 2020.

E. Oddo, F. Saiano, G. Alonzo, and E. Bellini, “An investi-
gation of the seasonal pattern of mannitol content in de-
ciduous and evergreen species of the Oleaceae growing in
northern Sicily,” Annals of Botany, vol. 90, no. 2, pp. 239-243,
2002.

Evidence-Based Complementary and Alternative Medicine



