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Abstract: Antioxidant activity, total anthocyanins, phenols and flavonoids Contents were monitored

in a callus induced from stem segment culture of sweetpotato (Ipomoea batatas L.) Abees, the

Egyptian orange-fleshed cultivar in addition to four genotypes (199062.1-1999026.1-199015.14-

199004.2) obtained from the International Potato Centre (CIP). In vitro callus culture were grown over

period of four weeks in dark on Murashige and Skoog (MS) medium supplemented with different

concentrations of osmotic potential induced by (0.03, 0.1, 0.15 molar) sucrose or sorbitol, MS medium

without any sugar used as a control. It was found that the dominant DPPH radical-scavengers of

Abees cultivar was due to the presence of anthocyanins and phenolic compounds rather than

flavonoides, while at 199062.1 was as a consequence of flavonoids and at 199004.2 was a result of

the phenolic compounds. Anthocyanins and flavonoids accumulation stimulated by increasing the sugar

concentration up to 0.1 M and 0.15 M respectively using sucrose; however phenol compounds

increased in 0.1 M sorbitol. Radical-scavenging activity contributors varied according to the cultivar

and the osmotic potential. 
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INTRODUCTION

Antioxidants are substances or nutrients presented in our foods and can increase cellular defense and help

prevent oxidation damage to cellular component of our bodies in the hope of maintaining health and preventing

diseases such as cancer and coronary heart disease in addition to many other uses in medicine and industrial

field, for instance cosmetic manufacturing and food preservation and colorant.

On the other hand, the synthetic antioxidants have restricted use in food, as they are suspected to be

carcinogenic (Namiki, 1990). Therefore the importance of searching for and exploiting natural antioxidants has

increased greatly in recent years (Patil et al., 2009). While, antioxidant are a class of plant secondary

metabolites, the plant kingdom offers vast array of valuable natural polyphenolic compounds, several isolated

plant constituents as well as crude extracts of vegetables and fruits have been recognized to possess beneficial

effects against free radicals in biological systems as antioxidants (Yi Fang and Xianzona, 2002). This beneficial

effect of fruits and vegetables can be attributed to the antioxidant capacity of the polyphenolic compounds

which present in them (Hertog et al., 1993), Polyphenolic compounds are divided to two major subgroups:

flavonoids and phenolic acids. Flavonoids are concerned the major important polyphenolic component presented

in food. It includes anthocyanins, proanthocyanidins, flavonols and catechins. They attracted attention in the

past few years since it has been established that they are found universally and have potentially protective roles

for human health. Anthocyanins are example of flavonoid polyphenols that is intensively investigated for its

in vitro production. Anthocyanins possess a high thermostability (Odake et al., 1992&1994) and contribute

towards antioxidative activity (Furuta et al., 1998). According to Kamei et al. (1993), anthocyanins inhibit the

growth of human cancer cells; therefore, the addition of natural anthocyanins as food colorants would not only

enhance the decorative value of the food but also improve the positive properties.

Advances in the area of tissue culture for the production of secondary metabolites have made it possible

to increase the yield of a wide variety of substances with pharmaceutical values such as alkaloids, terpenoids,
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steroids, phenolics and flavonoids (Rout et al., 2000). In vitro technology offered control conditions for culture

medium compositions as well as incubation conditions to globalize the production of desired variants in shorter

and flexible production cycles.

Sugars were reported to have an essential role in general metabolism that regulates many important

processes in all stages of the plant life cycle (Smeekens, 2000 and Rolland et al. 2002). The stimulatory effects

of sugars on anthocyanin biosynthesis in different organs of several plant species have been demonstrated.

Anthocyanin biosynthesis was improved in radish (Raphanus Sativus) hypocotyls (Hara et al., 2003), and

arabidopsis cotyledons or leaves in reflect to sugar concentrations of culturing medium (Sheng et al., 2005).

Sweetpotato (Ipomoea batatas L.) a root crop cultivated for centuries in various geographic regions and today

the world's sixth largest food crop. This crop has been known to have some good components for maintaining

and improving human health (Mano et al., 2007), it contains vitamins and minerals at favorable ratios (Woolfe,

1992 and El-Bastawesy et al., 2007) it accumulates high level of antioxidative substances, (Hayase and Kato,

1984; Furuta et a., 1998; Martin et al, 2003; Yoshimoto et al, 2001; Dong et al, 2004), such as anthocyanins

and phenolic acids. Sweetpotato can utilize as a high-quality natural food colorant and at the same time being

a superior health protector against cancer, aging and degenerative diseases. However its potentiality as an

applicant for industry is neglected. This paper presents our results on the evaluation of antioxidant activities,

total flavonoids, total phenolics and anthocyanins contents of callus induced from five different genotypes of

sweetpotato under different sugar types and concentrations. 

MATERIALS AND METHODS

Plant Material:

Four different sweetpotato genotypes (199062.1 – 1999026.1 – 199015.14 – 199004.2) delivered from

International Potato Centre (CIP), in addition to the Orange-fleshed Egyptian local variety Abees were routinely

in vitro subcultured every 6 weeks onto a fresh MS basal medium (Murashige and Skoog 1962) supplemented

with 3% sucrose and 0.8% agar and maintained at 28 °C under cool white fluorescent light 300 foot-candle

for 16 h/8h light/dark cycle. 

Callus Induction:

Dissected stem segments not including buds from the in vitro manipulated stock were used as an explant.

Stem segments (C. 5mm) were cultured onto petri dishes (9cm) containing 10 ml of MS-agar solidified basal

medium enriched with 0.2 mg/l picloram in addition to (0.03 or 0.1 or 0.15 molar) sucrose or sorbitol. A basal

MS-agar medium without any osmotic source was used as a control. Cultures were then incubated in dark in

controlled growth chamber at temperature of 28 °C for 4 weeks .The experiment was carried out two times.

Fresh callus were instantly frozen under liquid nitrogen and stored at -20 °C for further analysis. While the

dried Callus obtained after the incubation in an oven at 60 °C for 24 h.

Antioxidant Activity (DPPH Assay):

The free radical scavaging activity using the 1,1-diphenyl-2-picryl-hydrazil (DPPH) reagent was determined

according to (Brand-Williams et al.,1995) The powdered dry callus (1g) was extracted with 50%

methanol:water to 0.75 ml of the extract sample 1.5 ml of freshly prepared methanolic DPPH solution (20 ìg

ml ) was added and stirred. The decolorizing process was recorded after 5 min. of reaction at 517 nm and-1

compared with a blank control.

Antioxidant activity = [(control absorbance-sample absorbance) / control absorbance] X 100

Determination of Total Anthocyanins:

Anthocyanins were extracted overnight from fresh callus with ethanol and 1% HCl (85:15) at 4°C. The

optical density of the extract solution was measured at 535 nm. The total anthocyanins concentrations were

calculated after (Francis, 1982) using the extinction coefficient              

Determination of Total Phenolics:

The total phenolics content of ethanol extract of dried sweetpotato callus was determined according to the

method described by (Makkar et al., 1997). Aliquats of the extract were taken in a 15 ml glass tube and made

up to the volume of 1ml with distilled water. Then 0.5 ml of Folin-Ciocalten reagent (1:1 with water) and 2.5
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ml of sodium carbonate solution (20%) were added sequentially in each tube. after vortexing tubes were

incubated at room temperature in the dark for 40 min. Absorbance was measured at 725 nm against the reagent
blank. The amount of total phenolics was calculated as gallic and equivalent from a calibration curve.

Determination of Total Flavonoids:

3 The AlCl method (Lamison and Carnet 1990) was used for the determination of the total flavonoid content
of the sample extracts. Aliquats of 1.5 ml of extracts were added to equal volumes of a solution of 2%

3. 2AlCl 6H O (2 g in 100 ml methanol). The mixture was vigorously shaken and absorbance at 367 nm was read
after 10 min. of incubation. Flavonoid contents were expressed as mg catchin equivalent/g dry weight.

Statistical Analysis:

Data obtained was recorded after four weeks, triplicate analysis for  each measurement were conducted
for each sample and were exposed to the proper statistical analysis of variance as outlined by (Gomez and

Gomez 1984) based on MSTATC program. Means obtained were differentiated using Duncan’s new multiple
range test as described by (Duncan 1955). 

RESULTS AND DISCUSSION

Callus Induction:

Callus culture has been successfully used for the production of plant secondary metabolites over their
production from the intact plants since their in vitro production is apart of climatic and seasonal factors. It

allows flexible production cycles of secondary metabolites. Additionally, the in vitro production overcomes the
secondary metabolites asymmetrical distribution in the intact plants (Verpoorte, 2002; Vanisree and Tsay 2004;

Callebaut, et al, 1993). In the extensively studied I.batatas, in the tissue cultures induced from storage roots
the accumulation of anthocyanins can even exceed the tuberousroots by several times. The production of

valuable di-acylated cyanidine glycosides from callus and cell suspension as well as their regulation towards
overproduction and their more desirable profile has been reported (Terahara et al, 2000, Terahara et al, 2004

and Konczak et al, 2005). However, media composition has to be optimized for an intensive biomass increase
and the accumulation of the desired metabolite, for efficient sweetpotato callus production (Newell et al, 1995;
Dhir et al, 1998; Lawton et al, 2000; and Gong et al, 2001) maintained sweetpotato explants onto auxin
cytokinin enriched medium as a callus initiation medium. On the other hand, Otani and Shimada 1996; Al-

Mazrooei et al, 1997; Triqui et al, 2007 used initiation medium supplemented with picloram as an auxin source
to induce callus from sweetpotato explants.  In this study, results indicated that medium supplemented by

picloram is favourable to induce callus for the five sweetpotato genotypes used in this study (data are not
shown). It could be suggested that the response of cultures to growth regulators supplements is influenced by

the endogenous levels of growth regulators within the cells. Moreover, genetic differences among genotypes
of sweetpotato could describe the changed response among sweetpotato genotypes to growth regulators. 

Antioxidant Activity:

Plant-derived Antioxidant increasingly become important dietary factors (Aruoma  2003 and Ferguson
2001). Due to Boliver, 2003 and Furuta, 1998 who demonstrated that antioxidative and radical scavenging

activities are observed in all sweetpotato varities with white, yellow, orange and purple flesh. The influence
of a supply of sucrose or sorbitol in different concentrations on antioxidant properties (Anthocyanins, total

phenols, total flavonoids and antioxidant activities) of a callus culture derived from five different sweetpotato
genotypes were evaluated. Produced callus were incubated on MS medium supplemented with (0.03, 0.1and

0.15 M) of sucrose or sorbitol or without for 4 weeks in dark at 28°C. Antioxidant activity as evaluated using
DPPH reagent are shown in Table (1) indicated that, the callus derived from Abees cultivar, and 199062.1

genotype possess the highest antioxidant activity among all tested genotypes. Sorbitol in concentrations of 0.03
M or 0.15 M resulted in increasing the activity of antioxidant in Abees cultivar whilst the sucrose or sorbitol

free-media were preferable for 199062.1 genotype which obtained the same antioxidant activity of Abees. This
can be due to the interaction between the genotype and its endogenous reducing sugar level. (Miura et al,

1998; Luczkiewicz and  Cisowski, 2001) indicated that a range of environmental nutritional factors and
genotype variations a influence the biosynthetic pathways of the secondary metabolites, thus the media

composition has to be optimized for the accumulation of the desired metabolite. Thimann et al, 1950 and
Wong et al, 1974, reported that sugars are one of the most important externally substances for the phenolic

biosynthetic pathway, it is also proofed by Solfanelli, et al., 2006 who found that the induction of
flavonoid/anthocyanin synthesis genes is sugar specific. 
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Table 1: Effect of sugar concentration on antioxidant capacity of sweetpotato genotypes.

On the other hand, Table (2, 3, 4) shows that there was no relation between the increasment of

anthocyanin, total phenolics, total flavonoids and the antioxidant activity, this findings led us to speculate that
the highest radical-scavenging activity of Abees is due to another antioxidant substances not detected in our

study such as â-carotene and vitamin C, our previous data (not shown) indicated that Abees genotype has high
â-carotene contents. This observation come with the findings of (Osamu and Makoto 2002; Oki, et al, 2002;
Martin et al., 2003) whom reported that anthocyanins alone could not account for all the antioxidant activity.

Table 2: Effect of sugar concentration on total anthocyanins content of sweetpotato genotypes (mg/100g).
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Table 3: Effect of sugar concentration on total Phenolics content of sweetpotato genotypes (mg/g).

Table 4: Effect of sugar concentration on total flavonoics content of sweetpotato genotypes (mg/g).

Anthocyanins Content:

Anthocyanins have been shown to be more effective antioxidant, as Abees showed the highest antioxidant
activity among the other tested sweetpotato genotypes, Abees showed also the highest level of anthocyanins

accumulation followed by 199004.2 while 199026.1, 199062.1 and 199015.14 represent a low level of
anthocyanins content Table (2). The influence of sucrose or sorbitol on the anthocyanin accumulation was low

in Abees, while the high sucrose concentration 0.15 M raised the accumulation of anthocyanins of the callus
derived from 199004.2, the other three genotypes did not show a good response for anthocyanins content either

with the supplementation of sugars to the media nor without. Although, it seems that sugars used in our
experiment does not play an important role in anthocyanin enhancement. It was reported that sugars enhances

the anthocyanins biosynthesis of different crops (Hara et al, 2003; Sheng, et al, 2005; Meyer and Staden 1995;
Sato et al, 1996). Comparing to our results we conclude that the difference of anthocyanins production in

response to supplemented sugar to culture media is varying among the different crops
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Phenolics Content:

While the anthocyanin-stimulating effect of external sucrose or sorbitol on callus tissue is not clear yet,
the simultaneous effect on total phenolics level induced by sucrose or sorbitol in 0.15 has recognized. Table

(3) shows that the high concentration of sucrose or sorbitol increases the Phenolics content respectively in the
all genotypes used 199004.2, Abees. 199062.1, 199026.1 and 199015.14. The observation that accumulation

of phenolics can be induced greatly in the presence of high level of sugar without anthocyanin induction
highlights the potential for independent regulation of these two pools which previously indicated by studies

on enzymes involved in phenylpropanoid synthesis and flavonoid synthesis in petunia (Solfanelli  et al, 2006)
and parsley (Ranjeva et al, 1975 and Hahlbrock et al, 1971) 

Flavonoids Contents: 

Table (4) shows that among tested sweetpotato genotypes, 199062.1 has the highest total flavonoides
content followed by 199026.1, 199004.2, Abees and 199015.14. Although the increase of the total flavonoids

in 199062.1 did not enhanced in respect of sugars involved in the media, however the effect of  0.15 M
sorbitol on the other genotypes was observed (Table 4).

Conclusion:

In  general,  the  antioxidant activity of the  geno types stud ied  wou ld  be  a s
follow:199062.1>Abees>199015.14>199026.1>199004.2, for total anthocyanins content, the order would be as

follow: Abbes>199004.2>199026.1>199062.1>199015.14, on total Phenolics content the order was:
199004.2>Abees>199062.1>199026>199015.14, however, on total flavonoids, the order inverted to:

199062.1>199026.1>199004.2>Abees>199015.14. It could be notice also that genotype 199015.14 showed
always a weak response with the whole determined characters. Our conclusion is some genotypes has the

totipotiential for the induction of some secondary metabolites such as anthocyanins without exogenous
enhancers, this is was clear with Abees genotype, it was also observed with 199062.1 genotype that showed

a high antioxidant activity with high flavonoids content in a control media, however sugars can play a great
role for enhancing the production of the secondary metabolites in some other sweetpotato genotypes or even

among the other different crops, the role of sugars in stimulating the production metabolites is differ some
suggest that it is an osmotic agent (Sato  et al, 1996), the other propose it is regulate the responsible synthesis
genes (Solfanell et al, 2006 and Gollop et al, 2002).

The future of sweetpotato with the added benefit of having a high antioxidant activity, total Phenolics, total

flavonoids and total anthocyanins make it a promising and healthier alternative to the synthetic antioxidant
agents. However other antioxidant substances compounds still need to be identified.
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