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Abstract The present research work describes the

effects of 2,4-dichlorophenoxyacetic acid (2,4-D)/Ben-

zylaminopurine (BAP) ratio on callus induction, total

phenolic and ascorbic acid production, and antioxidant

activities in leaf-derived calli of Crataegus azarolus

(hawthorn). The supplementation of 1.0 mg/L 2,4-D and

1.0 mg/L BAP to MS medium was found to be the most

efficient for callus induction (as percentage and fresh

weigh). The results of biochemical analysis showed that

the highest total phenolic contents were obtained in callus

cultured on MS medium supplemented with 2.0 mg/L 2,4-

D and 1.0 mg/L BAP (52 – 0.56 mg GAE/g DM) and

were significantly lower than those of intact leaves

(76 – 1.72 mg GAE/g DM). However, the highest

ascorbic acid contents were found in callus cultured on

MS medium supplemented with 1.0 mg/L 2,4-D and

0.5 mg/L BAP (0.96 – 0.13 mg AAE/g DM) and these

amounts were statistically similar to those found in leaf

tissues (0.74 – 0.07 mg AAE/g DM). Antioxidant activ-

ities of callus extracts were determined using two TEAC

assays and results showed that extract of callus cultured

on MS medium supplemented with 2.0 mg/L 2,4-D and

1.0 mg/L BAP have the greatest antiradical activities

against DPPH (124 – 2.92 mg TE/g DM) and ABTS

(0.19 – 0.02 mg TE/g DM) compared to the leaves of

field-grown plant. Thus, the use of high level of 2,4-D over

BAP can be suitable to enhance the quality more than the

quantity of bioactive compounds in leaf callus culture of

hawthorn.

Keywords Callus induction � Leaf-derived calli �
Hawthorn � Chemical analysis � Antiradical activities

Abbreviations

2,4-D 2,4-Dichlorophenoxyacetic acid

AAE Ascorbic acid equivalent

ABTS 2,20-Azino-bis(3-ethylbenzothiazoline)-6-sulfonic

acid

BAP 6-Benzylaminopurine

DCIP 2,6-Dichloroindophenol

DM Dry matter

DPPH 2,2-Diphenyl-1-picrylhydrazyl

FW Fresh weight

GAE Gallic acid equivalent

IAA Indole-3-acetic acid

KIN Kinetin

MS Murashige and Skoog

NAA 1-Naphthaleneacetic acid

PAL Phenylalanine ammonia-lyase

TAL Tyrosine ammonia-lyase

TEAC Trolox equivalent antioxidant capacity

TE Trolox equivalent
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G. Chaâbani (&) � S. Zaoui � M. Lachaâl � N. Karray-Bouraoui
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Introduction

The important commercial development of bioactive mol-

ecules has awarded a great interest to secondary metabo-

lites due to their important antioxidant activities and the

diversity of their biological properties. Their production in

spontaneous plants is very limited by numerous problems

such as the fluctuations of environmental factors and the

abiotic constraints, difficult cultivation, deficient abun-

dance (Matkowski 2008). Actually, the plant cell and tissue

culture become an alternative potential means for the

production and the accumulation of many valuable sec-

ondary metabolites because it can provide several benefits

to minimize these problems allowing the continuous, reli-

able, and predictable production of these molecules inde-

pendently of seasonal variations as well as the optimization

and the enhancement of their biosynthesis under well

controlled conditions (Simoés et al. 2009).

Many biotechnological approaches and various strat-

egies of in vitro culture were used to enhance and

stimulate the production of several bioactive compounds

of medicinal plants (Ramachandra Rao and Ravishankar

2002). Most of them used the variation of combinations

and concentrations of exogenous plant growth regulators

especially auxins and cytokinins to modify and improve

the accumulation of bioactive molecules (Duangporn and

Siripong 2009). The ratio and type of growth regulators

used are very crucial factors for the stimulation of bio-

synthetic pathways (Matkowski 2008). For example, the

use of high concentration of 6-Benzylaminopurine (BAP,

1.0 mg/L) over 1-Naphthaleneacetic acid (0.1 mg/L) for

the stem node callus culture of Ecballium elaterium was

found to enhance the production of cucurbitacin B

compared with original plant material (Toker et al.

2003).

The aromatic and medicinal plant chosen for this work

is Crataegus azarolus (hawthorn), member of Rosaceae

family. On the one hand, most species of hawthorn are

characterized by a high potential chemical composition

essentially including vitamin C, glycosides, saponins, tan-

nins (Lakshmi et al. 2012), flavonoids, procyanidins (Big-

nami et al. 2003), anthocyanidins, and proanthocyanidins.

These compounds have not only been used for their phar-

macological and medicinal properties to treat many car-

diovascular diseases (Verma et al. 2007) but also for their

anti-nociceptive and anti-inflammatory effects (Bor et al.

2012). On the other hand, there are numerous studies of

in vitro culture that has been conducted on genus of Cra-

taegus showing good potentialities on callus tissue cultures

that are able to produce various phenolic compounds

(Bahorun et al. 2003; Bahri-Sahloul et al. 2014; Maharik

et al. 2009).

In spite of these numerous researches, there is no

available study about the influence of using plant growth

regulators especially 2,4-dichlorophenoxyacetic acid (2,4-

D) and BAP on antioxidant activities and production of

total phenols and ascorbic acid of hawthorn callus cultures.

The present study was carried out to optimize an efficient

in vitro protocol for callus formation, in order to enhance

the production of total phenols and ascorbic acid as well as

the antioxidant activities from callus cultures of C. azar-

olus using different concentrations of auxin and cytokinin.

Materials and methods

Plant material

In April 2013, leafy twigs of adult hawthorn were har-

vested during the flowering stage from the region of Ain

Drahem (Tunisian village characterized by humid mild

winter climate and geographically situated at 800 m of

altitude, 8� 410 0500 East of longitude, 36� 460 3400 North of

latitude).

A first part of leaves was air-dried in the shade, and then

crushed to obtain fine powder that was well-preserved in

plastic hemolysis tubes away from heat and direct light, to

be used as a control during the eventual future chemical

analysis. Under laminar airflow cabinet, the second part of

leaves was first washed with detergent and rinsed thor-

oughly with distilled water, then surface-sterilized using

70 % (v/v) of ethanol for 1 min, 5 mg/L of mercury

chloride (HgCl2) for 5 min, and 12 % of commercial

solution of sodium hypochlorite for 10 min, and finally

rinsed three times with sterile distilled water to be used as

explants for the different callus cultures.

Establishment of callus culture

After disinfection, small explants (3 9 2 mm) were

excised from leaves and aseptically inoculated on MS

medium (Murashige and Skoog 1962) solidified by 0.8 %

of agar–agar, containing 3 % of sucrose and supplemented

with 0.5, 1.0, and 2.0 mg/L of 2,4-D in combinations with

0.5 and 1.0 mg/L of BAP. The pH of medium was adjusted

to 5.8 using sodium hydroxide (NaOH, 0.1 N) or hydro-

chloric acid (HCl, 1 N) before autoclaving at 112 �C for

30 min. Each explant was cultivated in test tube (20 mm in

diameter and 150 mm in height) containing 20 ml of

inclined medium and covered with steel lids and plastic

film. Each culture included 24 explants (3 replicates 9 8

tubes). All cultures were transferred into new fresh medium

every 5 weeks and incubated in growth chamber, in dark-

ness, at 26 ± 2 �C. After 15 weeks, callus samples were
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collected from each culture, air-dried in the shade, and then

stored for eventual future chemical analysis.

Extraction

Half (1/2) gram of each dried sample (leaves or calli) was

crushed with quartz using a mortar to obtain fine powder

that was mixed with 5.0 ml of extraction solvent composed

of acetone/distilled water/acetic acid (70:28:2, v/v/v). The

mixture was shaken during 60 min at 4 �C and centrifuged

a first time at 13,000 rpm for 15 min. The supernatant was

removed and the residue of each sample was extracted and

centrifuged a second time using the same protocol (Tabart

et al. 2006). These two fractions of supernatant were

combined together into Eppendorf tubes and stocked at

-20 �C for chemical analysis.

Determination of total phenolic contents

Determination of total phenolic contents was carried out

according to the Folin-Ciocalteu reagent method

described by Caboni et al. (1997). After appropriate

dilution in distillated water, 30 ll of each extract was

added to 3.6 ml of distilled water, and then mixed with

0.2 ml Folin–Ciocalteu reagent. Three minutes later,

0.8 ml of sodium carbonate (20 % w/v) was supplemented

and the mixture was finally incubated at 100 �C for only

one minute. After cooling, the absorbance was measured

at 750 nm and the total phenolic contents were deter-

mined with linear calibration curve performed with gallic

acid (25–500 mg/L) as standard. Results obtained were

expressed in mg equivalent gallic acid (GAE) per gram of

dry matter (DM). This dosage was performed in triplicate

for each sample.

Determination of ascorbic acid content

Determination of reduced ascorbic acid contents was

effectuated according to the 2,6-dichloroindophenol

(DCIP) method described by the Association of Vitamin

Chemists (1961). A linear calibration curve was prepared

with different concentrations of ascorbic acid (2.5–20 lg/

mL) as standard. After an appropriate dilution with 5 %

metaphosphoric acid, 0.6 ml of each extract was mixed

with 0.5 ml of 10 % metaphosphoric acid, and then 0.3 ml

citrate buffer (pH 4.15) and 0.3 ml DCIP (0.1 mg/mL)

were added to the mixture. For each sample, optical density

blanching was used and blank value was determined after

the addition of 60 lL ascorbic acid (1 mg/mL) at 520 nm,

in order to measure the interference due to sample color.

Results obtained were expressed in mg equivalent ascorbic

acid (AAE) per gram of dry matter (DM). This dosage was

performed in triplicate for each sample.

Evaluation of antioxidant activities

The first method used to examine the antioxidant capacity

was the scavenging of the radical 2,2-diphenyl-1-picryhy-

drazyl (DPPH) as described by Tadolini et al. (2000). The

stock solution of DPPH (75 mg/L) was prepared by stirring

15 mg DPPH in 200 mL methanol for 2 h in the dark. In

this assay, 0.75 ml of diluted extract, standard (0–0.1 mM

Trolox), or blank (methanol) was mixed with 1.5 ml DPPH

solution. The absorbance was determined at 517 nm after

5 min incubation. For each sample, a blank with 1.5 ml

methanol, instead of the DPPH reagent, was included to

correct for any sample absorbance at 517 nm.

The second method used to evaluate the antioxidant

capacity was the scavenging of the radical 2,2-azino-bis(3-

ethylbenzothiazoline)-6 sulfonic acid, (ABTS) described

by Re et al. (1999). The stock solution was prepared by

stirring ABTS (7 mM) and potassium persulfate

(2.45 mM) in water and allowing the mixture to stand in

the dark for 12 to 16 h. Before use, this solution was

diluted in ethanol to have an absorbance of 0.7 ± 0.020 at

734 nm, and then 10 lL of diluted extract, standard

(0–0.1 mM Trolox), or blank (ethanol) were added to

1.0 ml ABTS solution. The absorbance was determined at

734 nm after 4 min. For each sample, a blank with 1.0 ml

ethanol, instead of the ABTS reagent, was included to

correct for any sample absorbance at 734 nm.

For these two assays, the antioxidant capacity was

expressed in mg Trolox equivalent per gram of dry matter

(mg TE/g DM). Each sample was analyzed in triplicate.

Statistical analysis

Data of antioxidant capacity assays, as well as total phe-

nolic and ascorbic acid contents were treated with the

statistical analysis of the variance (ANOVA) to evaluate

the significant differences between various callus samples

of hawthorn. The difference was regarded as significant

when P B 0.05.

Results

Effect of 2,4-D/BAP ratio on callus production

Leaf-derived calli of hawthorn grown on MS media sup-

plemented with different concentrations of 2,4-D combined

with different concentrations of BAP began to appear after

2–3 weeks. Data presented in Table 1 demonstrate the

effects of using four different growth regulators combina-

tions on percentage of calli formed and their fresh biomass.

Results showed that MD2, MD3, and MD4 produced the

maximum percentages of callus that were not significantly
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(P [ 0.05) different (95.8, 91.7, and 95.8 %); whereas the

lowest value of callus formation was observed on MD1

(8.3 %). Furthermore, the highest value of callus produc-

tion as fresh weight was attributed to MS medium sup-

plemented with 1.0 mg/L 2,4-D and 1.0 mg/L BAP

(6.93 ± 0.29 g FW) compared with the other combina-

tions. While the minimum callus fresh weight was recorded

with MS medium containing 0.5 mg/L 2,4-D and 0.5 mg/L

BAP (0.07 ± 0.03 g FW). Calli obtained from the different

culture media are observed through Fig. 1a–d. Regardless

of medium used, all calli observed were compact as texture

and dark yellow colored. The biomass of calli grown on

MD1 was insufficient to be used during the eventual future

chemical analysis.

Effect of 2,4-D/BAP ratio on total phenolic contents

The effect of using different concentrations of 2,4-D and

BAP in culture medium on the total phenolic contents in

leaves of hawthorn (control) as well as their derived calli is

shown in Fig. 2. Data revealed that on all media, callus

contained total phenolic contents significantly lower than

control. MS medium supplemented with 2.0 mg/L 2,4-

D and 1.0 mg/L BAP (MD4) seemed to be the most suitable

medium for the highest production of total phenols

(52 – 0.56 mg GAE/g DM) which was 32 % lower than

control (76 – 1.72 mg GAE/g DM). However, leaf-derived

calli cultured on MS medium containing 1.0 mg/L 2,4-

D and 1.0 mg/L BAP (MD3) gave the lowest value of

phenolic contents (11 – 1.96 mg GAE/g DM). These calli

produced total phenols 7 times less than control.

Effect of 2,4-D/BAP ratio on ascorbic acid contents

The results of analysis of ascorbic acid in leaves of haw-

thorn and their derived calli grown on different culture

media are illustrated in Fig. 3. As shown, the ascorbic acid

contents were found to vary from 0.23 to 0.96 mg AAE/g

Table 1 Percentage and fresh weight of leaf-derived calli cultured on MS media supplemented with different concentrations of 2,4-D and BAP

Media code 2,4-D concentration (mg/L) BAP concentration (mg/L) Callusing percentage (%, mean ± SD) Fresh weight (g, mean ± SD)

MD1 0.5 0.5 8.33 ± 4.17b 0.07 ± 0.03d

MD2 1.0 0.5 95.83 ± 4.17a 5.57 ± 0.30b

MD3 1.0 1.0 91.66 ± 4.17a 6.93 ± 0.29a

MD4 2.0 1.0 95.83 ± 4.17a 3.78 ± 0.07c

Values represent mean ± SD of three repeated experiments. Data with different letters were significantly different (P B 0.05)

Fig. 1 Callus grown on

MS ? 0.5 mg/L 2,4-

D ? 0.5 mg/L BAP (a),

MS ? 1.0 mg/L 2,4-

D ? 0.5 mg/L BAP (b),

MS ? 1.0 mg/L 2,4-D ? 1 mg/

L BAP (c), and MS ? 2.0 mg/L

2,4-D ? 1.0 mg/L BAP (d)

16 Page 4 of 9 Acta Physiol Plant (2015) 37:16

123



DM according to the medium used. Similar values to

control were found in callus cultured in the presence of

1.0 mg/L 2,4-D combined with 0.5 mg/L BAP (MD2) and

2.0 mg/L 2,4-D combined with 1.0 mg/L BAP (MD4);

whereas the low values (3 times lower than control) were

recorded with MS medium supplemented with 1.0 mg/L

2,4-D and BAP (MD3).

Effect of 2,4-D/BAP ratio on antioxidant activities

The antioxidant capacities of extracts of the different callus

cultures and of the leaves of hawthorn used as control were

determined using the DPPH and ABTS assays. Data of

DPPH test of different samples presented in Fig. 4a dem-

onstrate that extract of calli cultured on MD4 showed the

best antioxidant capacity (124 ± 2.92 mg TE/g DM) by

scavenging the maximum of free DPPH radical compared

to the capacity of extract of calli grown on the other media

that was found to vary between 10 and 77 mg TE/g DM.

This activity was also significantly higher than the activity

of the control extract (88 ± 5.94 mg TE/g DM). Results of

ABTS radical scavenging activity illustrated in Fig. 4b

were in concordance with those of antioxidant activity as

evaluated by DPPH method, but here, data revealed that

there was no significant difference between antioxidant

capacity of extract of entire leaves (0.137 ± 0.009 mg TE/

g DM) and their derived calli (0.189 ± 0.02 mg TE/g DM)

on MD4.

Discussion

The effect of using different concentrations of 2,4-D as

auxin complemented with BAP as cytokinin on callus

Fig. 2 Total phenolic contents of hawthorn’s leaves (control) and

their derived calli grown on MS media supplemented with different

concentrations of 2,4-D and BAP. Means with different letters were

significantly different (P B 0.05). Values are mean ± SEM of three

experiments. MD1 MS ? 0.5 mg/L 2,4-D ? 0.5 mg/L BAP, MD2

MS ? 1.0 mg/L 2,4-D ? 0.5 mg/L BAP, MD3 MS ? 1.0 mg/L 2,4-

D ? 1 mg/L BAP, MD4 MS ? 2.0 mg/L 2,4-D ? 1.0 mg/L BAP

Fig. 3 Ascorbic acid contents of hawthorn’s leaves (control) and

their derived calli grown on MS media supplemented with different

concentrations of 2,4-D and BAP. Means with same letters were not

significantly different (P [ 0.05). Values are mean ± SEM of three

experiments. MD1 MS ? 0.5 mg/L 2,4-D ? 0.5 mg/L BAP, MD2

MS ? 1.0 mg/L 2,4-D ? 0.5 mg/L BAP, MD3 MS ? 1.0 mg/L 2,4-

D ? 1 mg/L BAP, MD4 MS ? 2.0 mg/L 2,4-D ? 1.0 mg/L BAP

Fig. 4 DPPH (a), and ABTS (b), radical scavenging activity of

extracts of hawthorn’s leaves (control) and their derived calli grown

on MS media supplemented with different concentrations of 2,4-D and

BAP. Means with same letters were not significantly different

(P [ 0.05). Values are mean ± SEM of three experiments. MD1

MS ? 0.5 mg/L 2,4-D ? 0.5 mg/L BAP, MD2 MS ? 1.0 mg/L 2,4-

D ? 0.5 mg/L BAP, MD3 MS ? 1.0 mg/L 2,4-D ? 1 mg/L BAP,

MD4 MS ? 2.0 mg/L 2,4-D ? 1.0 mg/L BAP
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formation, total phenolic and ascorbic acid production, and

antioxidant activities in leaf explants of C. azarolus were

investigated. Our results showed that the best callus

induction as percentage and fresh weights was observed in

MS medium supplemented with 1.0 mg/L 2,4-D and

1.0 mg/L BAP. In agreement with our results, Maharik

et al. (2009) reported that equal levels of cytokinin and

auxin were found to induce the best callus formation;

indeed, the highest values of callus fresh and dry weights

were attributed to MS medium containing 1.0 mg/L 2,4-

D and 1.0 mg/L kinetin (KIN) for leaf and stem explants of

Crataegus sinaica. Similarly, Mori et al. (1994) reported

that the use of MS medium containing 1.0 mg/L 2,4-

D ? 1.0 mg/L BAP gave the best results of callus pro-

duction from leaf explants of Fragaria ananassa cu.

Skikinari strawberry cultivar. To optimize a callus culture

protocol, Al Abdallat et al. (2011) tested different types

and concentrations of plant growth regulators on the callus

culture of intermodal stem segments of Crataegus aronia.

Results reported that MS medium supplemented with

2.0 mg/L 2,4-D and 1.5 mg/L KIN produced the best

average fresh weight of red colored callus. In contrast with

our results, high level of BAP (3.0 mg/L) as cytokinin

combined with low level of 2,4-D (1.0 mg/L) as auxin was

found to stimulate the percentage, the fresh and dry

weights of callus derived from internodes explants of

Catharanthus roseus (Taha et al. 2008). The difference

between our results and those obtained by Taha et al.

(2008) can be due to the difference between plants and

types of explants used.

From this study, total phenols produced from leaves of

field-grown hawthorn and respective calli grown on dif-

ferent culture media were determined. Results obtained

showed that the highest concentration of 2,4-D (2.0 mg/L)

over BAP (1.0 mg/L) gave the maximum of phenolic

contents compared to the rest of media used. These

observations were supported by the findings of Mori et al.

(1994) which found that a higher concentration of 2,4-

D (1.0 mg/L) more than BAP (from 0.0 to 0.1 mg/L) gave

good accumulation of anthocyanin in strawberry suspen-

sion cultures. Similarly, it has been found that stem callus

culture of Crataegus aronia on MS medium supplemented

with 2.0 mg/L 2,4-D and 1.5 mg/L KIN induced a pre-

dominant red coloration confirming the enhancement of

polyphenols production (Al Abdallat et al. 2011). Fur-

thermore, Kartnig et al. (1993) demonstrated that shoot tips

callus culture of Crataegus monogyna accumulate a high

content of flavonoids and total proanthocyanidins when the

MS medium was supplied with 6.0 mg/L NAA and 1.0 mg/

L KIN. However, others reports (Maharik et al. 2009)

showed that the addition of higher concentration of BAP

(1.0 mg/L) to the culture medium more than NAA (0.5 mg/

L) increased anthocyanin accumulation to 3.6 folds in stem

callus culture of Crataegus sinaica. Similarly, El-Baz et al.

(2010) suggested that the addition of higher level of BA

(1.0 mg/L) as cytokinin more than NAA (0.1 mg/L) as

auxin yielded the maximum of flavonoid contents in the

leaf-derived calli of Citrullus colocynthis. Moreover, our

results obtained showed that total phenolic contents in all

calli cultured were significantly lower than those found in

leaves used as explant source. In agreement with our

results, the highest flavonoid contents in the leaf-derived

calli were lower than those accumulated in leaves of the

in vitro colocynth seedlings (El-Baz et al. 2010). In con-

trast with our results, data of Bahorun (1995) showed that

phenolic contents in callus culture of Crataegus monogyna

were similar to those observed in the original organs, and

in the case of cell suspensions, these values were higher.

The variation in the production of these secondary

metabolites can be due to the activation or the inhibition of

key enzymes phenylalanine ammonia-lyase (PAL) and/or

tyrosine ammonia-lyase (TAL) which are indispensable for

the biosynthesis pathway.

Concerning the effect of auxin (2,4-D)/cytokinin (BAP)

ratio on the ascorbic acid contents produced in leaves of

field-grown hawthorn and respective calli cultured, our

results revealed that a higher concentration of 2,4-D (2.0 or

1.0 mg/L) over BAP (1.0 or 0.5 mg/L) gave the maximum

of ascorbic acid contents which seemed to be the same

amounts found in leaves of hawthorn. In this concern, the

production of ascorbic acid and a-tocopherol in leaf tissues

and callus cultures of Centella asiatica was studied by

Norhayati et al. (2011) and they found that the amount of

these two vitamins was significantly higher in the leaf-

derived calli grown in MS medium containing 2.0 mg/l 2,4-

D and 1.0 mg/l KIN compared to the leaf tissues. However,

other reports showed higher production of vitamin C and

vitamin E in leaves than in callus and cell suspension cul-

tures of Morinda elliptica, (Chong et al. 2004). Furthermore,

the findings of Nag et al. (2012) investigated that callus

tissues of Prosopis cineraria cultured in MS medium sup-

plemented with 2.0 mg/l, 2,4-D using different concentra-

tions of glucose showed high values of ascorbic acid

contents per gram of dry weight as compared to plant parts.

The increasing potentialities of callus tissues to produce

vitamin C may be due to the incorporation of auxin and D-

glucose in the medium (Singh and Nag 1991) because the

last one plays a major role as one of the precursors of

ascorbic acid (Loewus and Kelly 1991). Overall, this part of

research work showed that dry samples of leaf tissues of

hawthorn were very rich in content of ascorbic acid. These

results were in well agreement with those obtained by Ta-

hirović et al. 2012 which demonstrated that flowers of

investigated Crataegus L. species, dried in the drying room

with ventilation at ambient temperature for 15 days, are

good source of vitamin C.
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In the last part of this study, the antioxidant activities of

different extracts were measured using DPPH and ABTS

methods and the results found confirmed those obtained in

total phenols and ascorbic acid determination. In fact,

extract of calli grown in culture medium supplemented

with 2.0 mg/L 2,4-D and 1.0 mg/L BAP was characterized

by the greatest antioxidant capacities which were similar or

significantly more important than those of intact leaves. In

this contest, antioxidant activities of phenolic extracts from

flowers, in vitro callus, and cell suspension cultures of

Crataegus monogyna were studied by Rakotoarison et al.

1997. They found that the scavenging activities of the cell

suspension extracts were similar to those of the flowers.

Furthermore, some reports studied the antioxidant actions

of Crataegus monogyna callus cultures and showed that a

high TEAC values were observed when the culture med-

ium contained 2.0 mg/L 2,4-D and 0.5 mg/L KIN, these

values were strongly influenced by the total flavonoids

content (Bahorun et al. 1994, 2003). In addition, Bahri-

Sahloul et al. (2014) found that ovaries calli of Crataegus

azarolus grown on culture medium containing 2.0 mg/L

2,4-D combined with 0.5 mg/L KIN exhibited a high DPPH

and ABTS radical scavenging effect. However, Grze-

gorczyk et al. 2007 showed a high DPPH radical scav-

enging effect in Salvia officinalis shoot cultures grown on

MS medium containing a high ratio of BAP over IAA

which was comparable to that of collected plants.

These biochemical analysis were also used to study the

correlation between antioxidant activities and phenolic or

ascorbic acid contents in different samples. Total phenols

generally correlate very well with antioxidant capacities

determined by the TEAC methods (Tabart et al. 2006,

2007). Numerous researchers showed a linear relationship

between these two parameters (Djeridane et al. 2006; Kim

et al. 2003). As shown in Table 2, four correlation coeffi-

cients were calculated between DPPH or ABTS radical

scavenging activity, and the production of total phenols or

ascorbic acid. Data revealed a positive correlation between

total phenolic contents and DPPH or ABTS assays, with a

correlation coefficient of 0.545 and 0.667 respectively,

indicating the partial contribution of phenols to these

antioxidant activities. These phenolic compounds possess a

better scavenging effect with ABTS radical compared with

DPPH free radical. A weaker positive correlation between

these two methods (DPPH and ABTS) and ascorbic acid

contents was demonstrated by linear regression analysis

and a correlation coefficient of 0.655 and 0.300, respec-

tively indicating only a small contribution of ascorbic acid

production to antioxidant capacities of leaves and their

derived calli. In fact, ascorbic acid exert an inhibitory

effect on DPPH 2 times more important than on ABTS*?.

Furthermore, it can be seen that DPPH radical was a little

more scavenged by ascorbic acid than by phenols; whereas,

ABTS radical was significantly more inhibited by phenols

than by ascorbic acid. All these results suggested that

phenolic compounds seemed to be a little more efficient

antiradical compounds than ascorbic acid. In the same way,

Bahri-Sahloul et al. (2014) demonstrated that antioxidant

activity based on DPPH and ABTS assays was correlated

with phenolic composition in ovaries callus culture of

Crataegus azarolus (var. aronia) and this seemed to be

strongly associated with total phenolic contents

(RDPPH = 0.98, RABTS = 1.00). Similarly, Dou et al.

(2013) found that the total polyphenolic content in the

extracts of Crataegus pinnatifida was significantly corre-

lated with the IC50 value for DPPḢ (r = -0.986) and

TEAC value (r = 0.997).

To put it briefly, equal concentration of 2,4-D and BAP

(1 mg/L) supplemented to culture medium seemed to be the

most suitable only for callus culture induction which gave

the lowest amounts of bioactive molecules. Whereas the use

of highest levels of 2,4-D (2.0 mg/L) and BAP (1.0 mg/L)

was found to be the optimal combination to enhance qual-

itative and quantitative production of antioxidants.

Conclusions

From the obtained results, we can conclude that the com-

bination between the highest level of auxin (2,4-D) over

cytokinin (BAP) can help to enhance the production of

total phenols, ascorbic acid, and antioxidant activities in C.

azarolus callus cultures better than others combinations.

This most suitable ratio between 2,4-D and BAP led to

improve significantly the antioxidant capacities in leaf-

derived calli compared with hawthorn’s leaf tissues. For

this reason, it can be concluded that callus culture of

hawthorn under controlled conditions independently of

environmental factors can be used as an alternative source

of high quality of antioxidants.
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Bahorun T, Trotin F, Pommery J, Vasseur J, Pinkas M (1994)

Antioxidant activities of Crataegus monogyna extracts. Planta

Med 60(4):323–328

Bahorun T, Aumjaud E, Ramphul H, Rycha M, Luximon-Ramma A,

Trotin F, Aruoma OI (2003) Phenolic constituents and antiox-

idant capacities of Crataegus monogyna (Hawthorn) callus

extracts. Nahrung 47(3):191–198. doi:10.1002/food.200390045

Bahri-Sahloul R, Ben Fredj R, Boughalleb N, Shriaa J, Saguem S,

Hilbert JL, Trotin F, Ammar S, Bouzid S, Harzallah-Skhiri F

(2014) Phenolic composition and antioxidant and antimicrobial

activities of extracts obtained from Crataegus azarolus L. var.

aronia (Willd.) Batt. ovaries calli. J Bot 2014:1–11. doi:10.1155/

2014/623651

Bignami C, Paolocci M, Scossa A (2003) Preliminary evaluation of

nutritional and medicinal components of Crataegus azarolus

fruits. Acta Hortic 597:95–100

Bor Z, Arslan R, Bektas N, Pirildar S, Donmez AA (2012)

Antinociceptive, antiinflammatory, and antioxidant activities of

the ethanol extract of Crataegus orientalis leaves. Turk J Med

Sci 42(2):315–324. doi:10.3906/sag-1011-1304

Caboni E, Tonelli MG, Lauri P, Iacovacci P, Kevers C, Damiano C,

Gaspar T (1997) Biochemical aspects of almond microcuttings

related to in vitro rooting ability. Biol Plantarum 39:91–97

Chong TM, Abdullah MA, Fadzillah NM, Lai OM, Lajis NH (2004)

Anthraquinones production, hydrogen peroxide level and anti-

oxidant vitamins in Morinda elliptica cell suspension cultures

from intermediary and production medium strategies. Plant Cell

Rep 22(12):951–958

Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocker P, Vidal

N (2006) Antioxidant activity of some Algerian medicinal plants

extracts containing phenolic compounds. Food Chem

97:654–660. doi:10.1016/j.foodchem.2005.04.028

Dou D, Leng P, Li Y, Zeng Y, Sun Y (2013) Comparative study of

antioxidant compounds and antiradical properties of the fruit

extracts from three varieties of Crataegus pinnatifida. J Food Sci

Technol. doi:10.1007/s13197-013-0954-6

Duangporn P, Siripong P (2009) Effect of auxin and cytokinin on

phyllanthusol A production by callus cultures of Phyllanthus

acidus skeels. Am Eurasia J Agric Environ Sci 5:258–263

El-Baz FK, Mohamed AA, Ali SI (2010) Callus formation, phenolics

content and related antioxidant activities in tissue culture of a

medicinal plant colocynth (Citrullus colosynthis). Nova biotech-

nol 10(2):79–94

Grzegorczyk I, Matkowski A, Wysokinska H (2007) Antioxidant

activity of extracts from in vitro cultures of Salvia officinalis

L. Food Chem 104:536–541. doi:10.1016/j.foodchem.2006.

12.003

Kartnig T, Kogl G, Heydel B (1993) Production of flavonoids in cell

cultures of Crataegus monogyna. Planta Med 59(6):537–538

Kim DO, Chun OK, Kim YJ, Moon HY, Lee CY (2003) Quantifi-

cation of polyphenolics and their antioxidant capacity in fresh

plums. J Agr Food Chem 51:6509–6515. doi:10.1021/jf0343074

Lakshmi T, Geetha RV, Anitha R (2012) Crataegus oxyacantha Linn

commonly known as Hawthorn—a scientific review. Int J

PharmTech Res 4(1):458–465

Loewus FA, Kelly S (1991) Identity of L-ascorbic acid formed from

D-glucose by strawberry (Fragaria). Nature 191:1059–1061.

doi:10.1038/1911059a0

Maharik N, Elgengaihi S, Taha H (2009) Anthocyanin production in

callus cultures of Crataegus sinaica boiss. Int J Acad Res

1:30–34

Matkowski A (2008) Plant in vitro culture for the production of

antioxidants—a review. Biotechnol Adv 26(6):548–560. doi:10.

1016/j.biotechadv.2008.07.001

Mori T, Sakurai M, Seki M, Furusaki S (1994) Use of axin and

cytokinin to regulate anthocyanin production and composition in

suspension cultures of strawberry cell. J Sci Food Agric

65:271–276

Murashige M, Skoog F (1962) A revised medium for rapid growth

and bioassay with tobacco tissue culture. Physiol Plant

15:473–497

Nag R, Chaturvedi A, Sharma A, Bidawat S, Pareek LK, Nag TN

(2012) Estimation of ascorbic acid content in Prosopis (L.)

Druce Cultivar K1. Plant Tissue Cult Biotech 22(1):27–32

Norhayati Y, Nor ‘Aini MF, Misri K, Marziah M, Azman J (2011) a-

tocopherol, ascorbic acid and carotenoid content in Centella

asiatica leaf tissues and callus cultures. Pertanika J Trop Agric

Sci 34(2):331–339

Rakotoarison DA, Gressier B, Trotin F, Brunet C, Dine T, Luyckx M,

Vasseur J, Cazin M, Cazin JC, Pinkas M (1997) Antioxidant

activities of polyphenolic extracts from flowers, in vitro callus

and cell suspension cultures of Crataegus monogyna. Pharmazie

52:60–64

Ramachandra Rao S, Ravishankar GA (2002) Plant cell cultures:

chemical factories of secondary metabolites. Biotechnol Adv

20(2):101–153. doi:10.1016/S0734-9750(02)00007-1

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C

(1999) Antioxidant activity applying an improved ABTS radical

cation decolorization assay. Free Radical Biol Med

26:1231–1237. doi:10.1016/S0891-5849(98)00315-3

Simoés C, Brasil Bizarri CH, Da Silva Cordeiro L, Carvalho de

Castro T, Machado Coutada LC, Ribeiro da Silva AJ, Albarello

N, Mansur E (2009) Anthocyanin production in callus cultures of

Cleome rosea: modulation by culture conditions and character-

ization of pigments by means of HPLC-DAD/ESIMS. Plant

Physiol Biochem 47(10):895–903. doi:10.1016/j.plaphy.2009.

06.005

Singh V, Nag TN (1991) Production of endogenous ascorbic acid

from tissue cultures of Abutilon pannosum Forst. J Phytol Res

4:13–19

16 Page 8 of 9 Acta Physiol Plant (2015) 37:16

123

http://dx.doi.org/10.1007/s11240-010-9798-1
http://dx.doi.org/10.1007/s11240-010-9798-1
http://dx.doi.org/10.1002/food.200390045
http://dx.doi.org/10.1155/2014/623651
http://dx.doi.org/10.1155/2014/623651
http://dx.doi.org/10.3906/sag-1011-1304
http://dx.doi.org/10.1016/j.foodchem.2005.04.028
http://dx.doi.org/10.1007/s13197-013-0954-6
http://dx.doi.org/10.1016/j.foodchem.2006.12.003
http://dx.doi.org/10.1016/j.foodchem.2006.12.003
http://dx.doi.org/10.1021/jf0343074
http://dx.doi.org/10.1038/1911059a0
http://dx.doi.org/10.1016/j.biotechadv.2008.07.001
http://dx.doi.org/10.1016/j.biotechadv.2008.07.001
http://dx.doi.org/10.1016/S0734-9750(02)00007-1
http://dx.doi.org/10.1016/S0891-5849(98)00315-3
http://dx.doi.org/10.1016/j.plaphy.2009.06.005
http://dx.doi.org/10.1016/j.plaphy.2009.06.005


Tabart J, Kevers C, Sipel A, Pincemail J, Defraigne JO, Dommes J

(2006) Antioxidant capacity of black currant varies with organ,

season, and cultivar. J Agric Food Chem 54:6271–6276. doi:10.

1021/jf061112y

Tabart J, Kevers C, Sipel A, Pincemail Defraigne JO, Dommes J

(2007) Optimisation of extraction of phenolics and antioxidants

from black currant leaves and buds and of stability during

storage. Food Chem 105:1268–1275

Tadolini B, Juliano C, Piu L, Franconi F, Cabrini L (2000)

Resveratrol inhibition of lipid peroxidation. Free Radical Res

33:105–114. doi:10.1080/10715760000300661

Taha HS, Rahman AE, Fathalla RA, Kareem MA, Aly UE (2008)

Successful application for enhancement and production of

anthocyantn pigment from calli cultures of some ornamental

plants. Aust J Basic Appl 2(4):1148–1156
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