
35                                   Egypt. J. Bot., Vol. 56, No.3 (Part 1) pp.595– 612 (2016) 

*Corresponding author: monasayed.science@gmail.com 
 

 

I 

 

Effect of Growth Regulators, Carbohydrates and 

Antioxidant Compounds on Biomass, Flavonoid 

Accumulation and Enzyme Activity in Callus 

Cultures of Rumex vesicarius L. 

 
Nadia M. El-Shafey, Enas S. Ahmed, Mona Sayed*, Ola 

Hammouda, S. A. Khodary 

Department of Botany and Microbiology, Faculty of Science, 

Beni-Suef University, Beni-Suef, Egypt. 

 

 

     N THE PRESENT study, growth regulators, sugars and 

.....antioxidants were investigated for their effect on callus 

growth, flavonoid content as well as the activity of some 

related enzymes in callus culture of Rumex vesicarius. The 

effect of Murashige and skoog media (MS) containing indole 

butyric acid (IBA), naphthalene acetic acid (NAA), or 2,4-

dichlorophenoxy acetic acid (2,4-D) on callus induction from 

cotyledonary leaf and hypocotyl explants was investigated. 

Results revealed that the highest callus biomass (fresh and dry 

weights) was obtained at 0.5 mg l
-1

 IBA using cotyledonary 

leaf explant. Both sucrose and fructose promoted a good callus 

dry mass, while the highest flavonoid content was enhanced 

with the medium supplemented with fructose. Citric acid was 

the best antioxidant in reducing the callus browning intensity 

and significantly inhibiting polyphenol oxidase (PPO) activity 

by 13.7%. Citric acid also increased the callus dry weight by 

26% and total flavonoid content by 67% over control. In 

conclusion, in vitro culturing of medicinal plant, Rumex 

vesicarius, enables increase of the biomass production and the 

yield of its biologically active constituents. 

 

Keywords: Rumex vesicarius, Callogenesis, Sugars, Browning, 

Flavonoid. 

 

 

Plant tissue culture provides a new aspect of nontraditional agriculture of 

medicinal plants. Recent research and technologies showed the possibility of 

utilizing tissue culture techniques in large scale production of naturally produced 

secondary metabolites. Rumex vesicarius L. is a wild winter medicinal plant. It 

has a wide range of biological and medicinal activities. Phytochemical studies 

revealed the occurrence of some important flavonoids, vitexin and orientin which 
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are reported for their anticancer, hepatoprotection and protection against 

radiation hazards (Pandey and Madhuri 2010; Tan et al., 2012).   

 

Previous studies have focused on the production of many secondary 

metabolites via callus culture (Ikenaga et al., 2000; Maheshwari et al., 2007 and 

Jain et al., 2012). Special interests toward callus flavonoids were reported by 

Wang et al. (2013) and Loredo-Carrillo et al. (2013). Establishment and 

optimization of the conditions of callus culture are considered as the initial and 

essential steps of in vitro production of secondary metabolites. Callus cultures 

could be used for the production of essential metabolites directly or through cell 

suspension cultures derived from them. In this context, growth regulators play 

essential role in various in vitro tissue culture techniques defining the time and 

percentage of culture induction and rate of culture development (Gaspar et al., 

1996). Moreover, determination of the appropriate type and concentration of 

growth regulators enables obtaining maximum yield of the desired secondary 

products. 

 

In plants, simple carbohydrates are primary metabolites that play essential 

role as vital sources of energy and carbon skeletons for more complex organic 

compounds including secondary products such as flavonoid. Sugars have been 

reported for their involvement in plant immunity and as signaling molecules 

(Sheen et al., 1999 and Rolland et al., 2006). As an example, sucrose induces 

isoflavonoids synthesis as a defense response against Fusarium oxysporum in 

lupine (Morkunas et al., 2005). These studies stand for the ability of some 

carbohydrates to affect the production of secondary metabolites in plant tissue. 

Factors responsible for the accumulation of secondary products may be via 

affecting the enzymes involved in their biosynthesis and metabolism. 

Phenylalanine ammonia-lyase (PAL) catalyzes the first step of the core pathway 

of general phenylpropanoid metabolism. Branch pathways lead to the formation 

of phenolic acids and polyphenols that have various functions in plants, notably 

in defense, such as cell wall strengthening and repair (e.g. lignin and suberin),  

and antimicrobial activity (isoflavonoids phytoalexins) (Hammerschmidt 1999). 

The resulting phenolics are often converted into more reactive by phenol 

oxidases and peroxidases (Mayer and Harel, 1979; Heath 1980). Stimulation of 

phenylalanine ammonia lyase synthesis by exogenous carbohydrates has been 

cited as a suggested mechanism by which they could influence the production of 

phenolic compounds (Zuckerٚ 1969).  

 

In vitro production of callus tissue is commonly accompanied with the 

problem of callus browning caused by the accumulation of phenolic compounds 

followed by their oxidation (enzymatically and nonenzymatically). Callus 

browning (necrosis of callus tissue) comprises a serious problem and obtaining a 

healthy and fast growing callus culture is critical for study of in vitro elicitation 

of secondary metabolites and further large scale application. Citric acid was 

among various organic substances with antioxidant properties that have been 

reported as antibrowning agents (Ndakidemi et al., 2014 and Mathews, 1987 and 

Anthony et al., 2004). In addition sodium thiosulphate was known for its 
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antioxidant capacity while polyvinylpyrrolidone (PVP) is an adsorbent of 

phenolic compounds (Sathyanarayana and Varghese, 2007).  

 

Our study aims to evaluate 1) the effect of growth regulators on induction, 

growth and flavonoids content in callus of Rumex vesicarius; 2) the effect of 

sugars and antioxidants on biomass, flavonoid content and the activity of PAL, 

polyphenol oxidase (PPO) and peroxidase (POX) in callus of R. vesicarius. The 

contribution of antioxidants to reduce callus browning is also studied.  

 

Materials and Methods 

 

In vitro seeds germination 

Seeds of Rumex vesicarius were collected from the coastal region nearby 

Agiba beach, Marsa Matrouh governorate, Egypt at April 2012. Seeds were 

surface sterilized by 70% ethanol for 60 seconds followed by 40% commercial 

bleach (Clorox containing 5% sodium hypochlorite) for 15 min. The seeds were 

rinsed three times, under aseptic condition, with sterile distilled water. The 

surface-sterilized seeds were germinated in baby food on a germination medium, 

with approximately 5 seeds per jar. The germination medium contained full-

strength MS basal medium (Murashige and Skoog, 1962), solidified with 8 g l
-1

 

agar. The seeds were placed in refrigerator for enhancing germination process. 

Once the radicle emerged, the germinated seeds were transferred to growth 

chamber at temperature 25±2 ºC and 16 hr photoperiod.    

 

Establishment of callus culture  

Callus culture was initiated from both cotyledonary leaf and hypocotyl of 15 

days old seedlings of Rumex vesicarius. About 5 mm explant segments were 

cultured on MS basal medium supplemented with 30 g l
-1

 sucrose and various 

concentrations (0.5, 1 and 2 mg l
-1

) of 2,4-D, NAA or IBA were added. The pH 

of the media was adjusted to 5.8-6 using 1N NaOH and 1N HCl. The media were 

solidified with 8 g l
-1

 agar prior to autoclaving at 121 ºC and 15 psi for 20 min. 

Cultures were incubated in darkness at 25±2 ºC. Calli were collected after 4 

weeks and their fresh weights were recorded. The dry weight was determined 

after oven drying at 60 ºC and the dry samples were maintained for estimation of 

total flavonoid. 

 

Effect of carbohydrates on callus biomass  

About 0.5 g callus (5 weeks old) was inoculated on MS basal media fortified 

with 30 g l
-1

 of one of the investigated sugars (sucrose, glucose, fructose, 

galactose and mannose) and 0.5 mg l
-1

 IBA. PH was adjusted at 5.8-6 and the 

media were solidified with 8 g l
-1

 agar. The cultures were incubated in darkness 

at 25±2 ºC. After 15 days, biomass of the resulting calli was estimated as fresh 

and dry weights. Some of the fresh calli were preserved at -20 ºC for assaying 
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enzymatic activity and the rest were oven dried at 60 ºC for estimation of total 

flavonoid. 

 

Effect of antioxidants on callus biomass, browning intensity and flavonoid 

accumulation  

About 0.2 g of 5 weeks old calli was sub-cultured on MS basal media 

supplemented with 30 g l
-1

 sucrose and 0.5 mg l
-1

 IBA. Sodium thiosulphate, 

citric acid or PVP were added to the culture media at a final concentration of 

0.02 mM. Then, the media were adjusted at pH 5.8-6 and solidified with 8 g 

l
-1

 agar. The inoculated cultures were incubated in darkness at 25±2 ºC. 

Control media were prepared as previously mentioned but without the 

addition of antioxidants. After 15 days, the degree of callus browning was 

recorded as (+, ++ and +++) and the calli were harvested. Callus biomass 

was determined as fresh and dry weights. Fresh and dry samples were 

maintained for analysis as previously mentioned. 

 

Estimation of total flavonoid  

Total flavonoid content was measured by the aluminum chloride colorimetric 

assay (Zhishen et al., 1999). Callus dry material was extracted with 80% aqueous 

methanol. One milliliter of callus extract or standard solution of quercetin (0.01-

0.07 mg ml
-1

) was mixed with 4 ml distilled H2O. Then, 0.3 ml of 5% NaNO2 

was added and waited for 5 min followed by 0.3 ml of 10% AlCl3. After 6 min, 

2ml of 1M NaOH solution was added and the total volume was made up to 10 ml 

with distilled H2O. Samples were replicated three times. The assay mixture was 

mixed well and the absorbance was determined at 510 nm against reagent blank. 

Total flavonoid content was expressed as mg quercetin equivalent g
-1

 dry weight. 

 

Extraction and estimation of total soluble protein 

Total soluble protein was determined following the method described by 

Bradford (1976) using Coomassie blue G250 reagent (Sigma aldrish, USA) and 

bovine serum albumin as standard.  Fresh callus tissue (0.5 g) was frozen in 

liquid nitrogen, homogenized and extracted with 10 ml of 100 mM phosphate 

buffer pH 7. The homogenate was centrifuged at 6000 rpm at 4ºC for 30 min. 

The supernatant was separated and used for estimation of total soluble protein 

and the assay of antioxidant enzymes as well.   

 

Assay of Polyphenol oxidase  activity  

Activity of PPO (EC 1.10.3.1) was assayed following the method of Kar and 

Mishra (1976). Five ml of the assay mixture contained 30 mM of phosphate 

buffer (pH 6.8), 0.5 mM catechol and 1 ml of crude enzyme extract. After 

incubation at 25 ºC for 10 min, the reaction was stopped with the addition of 1ml 

of 10% sulfuric acid. The absorbance was measured at 430 nm. The enzyme activity 

was expressed as U mg
-1

 protein, where U= 0.01 change in absorbance h
-1
. 

 

Assay of peroxidase activity  

Peroxidase (EC 1.11.1.7) activity was assayed according to Kar and Mishra 

(1976). Five ml of the assay mixture containing 30 mM of phosphate buffer (pH 
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6.8), 0.5 mM catechol, 50 µM of hydrogen peroxide and 1 ml of crude enzyme 

extract. After incubation at 25 ºC for 10 min, 1 ml of 10% sulfuric acid was 

added to stop the enzymatic reaction. The absorbance was measured at 430 nm. 

The enzyme activity was expressed as U mg
-1

 protein, where U= 0.01 change in  

absorbance h
-1

. 

 

Extraction  and Assay of PAL activity  

A known weight of frozen callus tissue was powdered in liquid nitrogen by 

the help of  chilled mortar and a pestle, then homogenized in 5 ml of sodium 

borate buffer (pH 8.8) containing 1 mM EDTA, 4% (w/v) PVP and 2 mM β-

mercaptoethanol. Then, it was centrifuged at 10000 rpm for 10 min at 4 ºC. The 

supernatant (crude enzyme extract) was separated and stored at -20 ºC until the 

bioassay time. The activity of PAL (EC 4.3.1.5) in the crude enzyme extract was 

determined according to Cheng and Breen (1991). Three milliliters of the assay 

mixture contained 30 µmol L-phenylalanine, 30 mM sodium borate buffer (pH 

8.8), and 0.5 ml enzyme extract. The reaction was intiated by adding substrate. 

The reaction was stopped by addition of 0.1 ml 6 N HCl and the absorbance was 

measured at 290 nm. The assay was performed in triplicate. The enzyme activity 

was expressed as U mg
-1

 protein, where U= absorbance h
-1

. 

 

 Statistical analysis 
The experiments were performed in triplicates, and subjected to one way 

analysis of variance (ANOVA). The significant differences among samples were 

determined by Duncan's multiple range test at p=0.05 using SPSS v 16. All 

values were expressed as means of replicates (at least n=3) ± SE 

 

Results 

 

Effect of growth regulators on callus induction, biomass and flavonoid 

accumulation 

Callus appeared at the cut edges of inoculated explants after 10-12 days of 

culture. The obtained callus was compact and yellow in color but it quickly 

turned into brown. Both explants, cotyledonary leaf and hypocotyls, exhibited 

high percentage of callus induction (Tables 1 and 2). However, the results 

showed that explants from cotyledonary leaf were superior in callus induction 

and proliferation to those of hypocotyl. In most treatments, IBA was the best 

auxin that significantly scored the highest biomass, fresh and dry weights, of the 

callus derived from   cotyledonary leaf as well as hypocotyls explant, compared 

with 2,4-D and NAA. Cotyledonary leaf explants induced maximum callus 

biomass (0.852 g fresh wt and 0.065 g dry wt) at low level of IBA (0.5 mg l
-1

). 

Nonetheless high level of the same auxin induced adventitious roots at the 

surface of the callus.  
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TABLE 1. Effect of growth regulators on the biomass and flavonoid content of callus 

derived from cotyledonary leaf explant of Rumex  vesicarius. values listed 

are average (n=3-5) ±SE. 

Growth regulators  

(mg l-1) 

Callus 

induction 

% 

Callus biomass  

(g) 

Total flavonoid 

content  

(mg g-1 Dry wt) 

2,4-

D IBA NAA  Fresh weight Dry weight  

0.5   100 0.322±0.032a 0.021±0.000a 3.30±0.05b 

1   100 0.319±0.021a 0.024±0.001a 1.98±0.11a 

2   100 0.31±0.018a 0.021±0.001a 2.08±0.06a 

 0.5  100 0.852±0.094c 0.065±0.008c 12.2±0.34f 

 1  100 0.306±0.030a 0.02±0.003a 10.8±0.42e 

 2  100 0.611±0.051b 0.045±0.004b 12.9±0.14g 

  0.5 100 0.353±0.036a 0.022±0.002a 5.07±0.09d 

  1 100 0.322±0.015a 0.021±0.001a 5.34±0.16d 

  2 88 0.26±0.028a 0.016±0.000a 4.11±0.03c 

Values followed by the same letters are not significantly different (P=0.05). 

  

The analysis of the callus derived from cotyledonary leaf showed that the 

applied growth regulators varied in their influence on the production of 

flavonoid. The highest flavonoid accumulation was recorded in calli cultured on 

IBA followed by NAA while, 2,4-D exhibited the lowest one. In most cases, 

increasing the concentration of corresponding phytohormone resulted in a 

significant decrease of flavonoid content (Table 1).  

 
TABLE 2. Effect of growth regulators on the biomass of callus derived from 

hypocotyl explant of  Rumex  vesicarius. values listed are average (n=5) 

±SE. 

Growth regulators (mg l-1) Callus induction (%) Callus biomass (g) 

2,4-D IBA NAA  Fresh weight Dry weight 

0.5   62 0.141±0.023bc 0.012±0.002ab 

1   100 0.141±0.015bc 0.009±0.000a 

2   100 0.088±0.002ab 0.006±0.000a 

 0.5  84 0.0599±0.015a 0.007±0.001a 

 1  100 0.119±0.027ab 0.012±0.003ab 

 2  100 0.179±0.023c 0.02±0.009b 

  0.5 100 0.0814±0.009ab 0.007±0.000a 

  1 100 0.100±0.025ab 0.007±0.000a 

  2 100 0.082±0.017ab 0.008±0.003a 

Values followed by the same letters are not significantly different (P=0.05). 
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Effect of carbohydrates on callus biomass, flavonoid accumulation and enzymes 

activity 

Sucrose was the most stimulatory sugar that induced the highest fresh wt, 

while galactose and mannose were the most inhibitory ones and produced highly 

intensed browning of callus (Table 3). Glucose and fructose came second to sucrose; 

however the former resulted in formation of adventitious roots. On the basis of 

dry weight, both sucrose and fructose (nonsignificantly different) brought about 

high biomass production (0.139 and 0.114 g, respectively), while galactose and 

mannose induced low biomass.  

 

Assaying of enzyme activities and flavonoids revealed that compared with 

most of the other investigated sugars, callus treated with fructose exhibited lower 

activity of antioxidative enzymes (POX and PPO; 22.0 and 4.93 U mg
-1

 protein, 

respectively), higher activity of PAL (2.69 U mg
-1

 protein) and the high 

accumulation of flavonoids (12.7 mg g
-1

 dry wt). The highest accumulation of 

flavonoids in case of galactose was accompanied with high activity of POX, PPO 

and PAL. Glucose came the last among the investigated sugars by recording the 

lowest value of most of the investigated parameters (POX and PPO activities and 

flavonoid accumulation). Nonetheless, it imposed high PAL activity (Table 3). 

 

Effect of antioxidants on callus biomass, browning intensity and flavonoid 

accumulation 

Our results revealed that none of the investigated antioxidants significantly 

affected callus fresh weight. In contrast, the rest of the investigated parameters 

significantly responded to the evaluated antioxidants. Above all the treatments, 

citric acid significantly scored the highest accumulation of flavonoids that was 

accompanied with nonsignificant stimulation of PAL, significant inhibition of 

POX and PPO and consequently minimizing the browning intensity (Table 4 & 

Fig. 1). Both sodium thiosulfate and PVP could not efficiently protect the callus 

from browning. Although sodium thiosulfate significantly increased dry weight, 

PAL activity and total flavonoids, besides inhibiting POX activity. It 

significantly enhanced the activity of PPO by 13 % over control. PVP multiplied 

the activity of PAL by about two folds and imposed high flavonoid content, 

nonetheless it significantly stimulated PPO by 118% over control.   
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Fig. 1. Healing of callus browning by compounds with antioxidant activity A: 

control callus cultured on medium without antioxidant agent, B: callus 

treated with citric acid, C: callus treated with sodium thiosulfate and D: 

callus treated with PVP. 

 

Discussion 

 

Effect of growth regulators on callus induction, biomass  and flavonoid 

accumulation 

Callus cultures derived from medicinal plants are considered as raw materials 

and a good source of pharmaceutical and nutraceutical secondary metabolites. 

Effect of various phytohormones on in vitro callus induction and proliferation 

was extensively studied, but few studies were conducted regarding Rumex sp., 

particularly Rumex vesicarius. 

  

Comparison between the explant types (cotyledonary leaves and hypocotyl) 

indicated that the response of cotyledonary leaf was better for callus initiation 

and biomass formation than hypocotyl explant. Many studies depended on leaf 

tissues as a suitable explant to induce embryogenic callus (Wang et al., 2011 and 

Giridhar et al., 2004) or nonembryogenic callus (Karam et al., 2003). Different 

tissues may have different levels of endogenous hormones and therefore, the 

type of explant source would have a critical impact on the callus induction and 

its regeneration success (Yan et al., 2009 and Das et al., 2013). 

 

In the present study, the maximum callus proliferation was induced by 0.5mg l
-1

 

IBA using cotyledonary leaf explant. But, increasing the concentration of this 

phytohormone caused a delay of callus growth, since it was associated with the 

formation of adventitious roots from callus cells which resulted in lowering 

callus proliferation. On the other hand, 2,4-D and NAA (with various 

concentrations) were less effective in promoting callus biomass production in 

comparison with IBA despite they gave high callus induction. This may imply 
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that both kinds of auxins were less favorable for callus productivity of the 

studied plant. Auxins are fundamental for the establishment of in vitro cultures 

(Catapan et al., 2002 and Pasqua et al., 2003), but concentration and 

combination of these plant growth regulators must be defined for each species 

(Loredo-Carrillo et al., 2013). Previous literatures showed that during 

callogenesis process there is variation in response of plant species and their 

affinity towards certain type of auxins or cytokinins to callus formation. For 

example, Das et al. (2013) compared the effect of NAA, IBA and 2,4D on 

callogensis from Valeriana jatamansi and the best results were obtained at 0.5 mg l
-1

 

NAA. Our results were in accordance with a study of Hernandez et al. (2005) 

who revealed that 2,4-D and NAA were less effective and IBA was the best 

auxin for callus production when applied in combination with BAP. 

 

Our study revealed that callus culture of Rumex vesicarius produced a 

considerable amount of flavonoids. Plant growth regulators have been widely 

used in promoting the biosynthesis of both inducible and constitutive secondary 

metabolites, including medicinal compounds (Vanisree and Tsay 2004; 

Verpoorte et al., 2002). The effect of applied growth regulators on production of 

flavonoids from cotyledonary leaf derived calli was in the same trend of callus 

biomass. The highest flavonoids contents as well as callus productivity were 

found in callus cultures induced by different concentrations of IBA. The effect of 

auxin supplementation on the synthesis of bioactive products apparently may 

correlate to auxin stability (Das et al., 2013). IBA, as a metabolically stable 

auxin, exhibited a beneficial influence on the flavonoids production of R. 

vesicarius callus over the other investigated auxins; 2,4-D and NAA.  The 

concentration and auxin-type dependence of valepotriate content in calli of 

Valeriana glechomifolia was clearly caused by differences in auxin stability and 

auxin-induced secondary effects (Bello de Carvalho et al., 2004).  

 

From the aforementioned results of the current study, we can infer that 

0.5 mg l-1 IBA is the most suitable for callus induction and proliferation as 

well as a remarkable flavonoid accumulation so it was used in the following 

experiments as the callus establishing medium.  

    

Effect of carbohydrates on callus biomass, flavonoid accumulation and enzyme 

activity.  

To evaluate the effect of sugar type on enhancing growth of R. vesicarius 

callus culture, five different sugars were tested. Results indicated that callus 

culture of R. vesicarius could utilize either sucrose or its degradation products 

(glucose and fructose) efficiently. Sucrose is considered as a common 

carbohydrate source for most plant tissue culture media. Sucrose is an important 

biological reservoir for the two assimilating sugars glucose and fructose. An 

acidic effect of the culture medium (pH 5.8) hydrolyzes this sugar and breaks it 
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into glucose and fructose which are assimilable by plant cells (Michel et al., 

2008). Glucose and fructose are simply assimilated by callus cells and involved 

directly in plant physiological processes. In our experiment, delay of growth of 

culture grown on glucose nourished medium may be attributed to the formation 

of adventitious roots from callus cells. Glucose could participate as a signaling 

molecule affecting the root growth and development by interacting with 

phytohormones (Mishra et al., 2009). Also, the growth of calli was very low on 

media containing galactose and mannose since they have no remarkable effect as 

anabolic substances.  

 

Results obtained in the current study indicated that the production of 

flavonoids from R. vesicarius callus culture might be affected by the type of 

supplemented sugars. Ibrahim and Jaafar (2012) and Amin et al. (2007) 

suggested that the increase in secondary metabolites content in onion was due to 

7% increase in total soluble sugars which was related to the enhanced 

polyphenolic production. Fructose showed superiority over the other tested 

sugars giving the highest flavonoids content, and this accumulation of total 

flavonoids was associated with a high PAL activity and a low activity of PPO. 

These results may indicate that fructose might act as signaling molecule 

regulating division, differentiation and cell metabolism (Rolland et al., 2006). In 

consistence with our results, Masoumian et al. (2011) reported that over the 

investigated sugars (sucrose, fructose, glucose, sorbitol and mannitol), fructose 

scored the maximum value of flavonoid produced in Hydrocotyle bonariensis 

callus tissues. However, fructose had no significant effect on total phenolics and 

paclitaxel contents, although inhibiting PPO and enhancing the growth of Taxus 

brevifolia callus culture (Khosroushahi et al., 2011). 

 

Organogenesis (formation of adventitious roots) negatively affects the callus 

growth in case of glucose treated callus.  Also, we assume that the decrease in 

secondary metabolites is attributed to formation of adventitious roots in callus 

tissue grown on glucose supplemented medium which revealed a low flavonoid 

content, in spite of a high activity of PAL and low activity of both PPO and 

POX. Baque et al. (2010) believed that lower secondary product formation might 

be due to formation of calluses with adventitious roots. Moreover, it is possible 

that phenolic compounds produced due to the activity of PAL contributed in 

other biosynthetic pathways not involved in formation of flavonoid. 

 

Effect of antioxidants on callus biomass, browning intensity and flavonoid 

accumulation.  

Browning greatly affects the growth and sustainability of tissue culture, 

particularly during the production of secondary metabolites. Wu and Lin (2002) 

clarified that tissue browning involves the production of many toxic compounds 

through the phenolization process eventually resulting in the necrosis of cells. 

Browning phenomenon may include the action of Phenylalanine ammonia lyase, 

polyphenol oxidase and peroxidase which are the key factors in the biosynthetic 

pathway of phenylpropanoids and oxidation of phenolics accompanied by 

pigment accumulation (Tomas-Barberan et al., 1997 and Ahmad et al., 2013). 
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In our experiment, the obtained calli quickly turned to dark brown. The 

addition of a compound with antioxidant activity to the medium helps in 

minimizing or fixing such a problem. Citric acid largely reduced the callus 

browning followed by sodium thiosulfate and PVP. It was suggested that 

appropriate antioxidants could change the cellular redox potentials which would 

inhibit the oxidation of phenols and delay browning (Pizzocaro et al., 1993). In 

the same regard, citric acid can delay browning reactions of fresh-cut mangoes 

during storage (Chiumarelli et al., 2010). Citric acid reduced tissue browning 

through lowering pH of tissue or chelating to the copper moiety of PPO (Verma 

and Joshi, 2000).  

 

Previous investigations revealed no significant correlation between browning 

and total phenolics accumulation, PPO and POX activities (Cantos et al., 2002 

and Khosroushahi et al., 2011). However, our results showed that citric acid 

caused a retardation of PPO activity, callus browning and pronounced 

enhancement of total flavonoids content. This is in agreement with a previous 

study of Zhou et al. (2010) who found that citric acid significantly inhibited PPO 

activity and stimulated saponin production from Nigella glandulifera callus 

culture. Much higher PPO activity and rate of phenolics production in Panax 

ginseng cell cultures were in association with enzymatic browning (Wu and Lin, 

2002). Similarly, PPO activity was notably reduced by citric acid treatment and 

accordingly remarkable decrease was observed in the skin browning of santol 

fruit (Benjawan and Chutichudet, 2009).  Other reports have clarified that use of 

external additives such as citric acid and ascorbic acid has a positive effect in 

enhancing polyphenol content and related antioxidant activity (Sagwan et al., 

2011). Neverthless, citric acid supplementation to culture media resulted in 

augmentation of total phenolics, but failed to control the browning phenomenon 

(Khosroushahi et al., 2011).  

 

In the current investigation, PVP promoted PAL activity and the total 

flavonoids content. PVP is known as a phenolic-specific adsorbent, acts as a 

protective agent for oxidation of phenolic material and results in lowering callus 

browning. However, data indicated that PVP enhanced PPO and POX activity 

and was non-efficient in protecting R. vesicarius callus from browning. Our 

result is similar to that reported by Loredo-Carrillo et al. (2013) who found that 

the effect of PVP alone on reducing callus browning was less than in a mixture 

with citric acid or ascorbic acid. 

 

Conclusion 

 

Callus growth and flavonoid production significantly varied among the 

investigated types of explants and growth regulators. Cotyledonary leaf explant 

was better responsive in callus induction and proliferation than hypocotyl one. 
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Indole butyric acid showed the superiority over NAA and 2,4-D, resulting in the 

highest callus biomass and flavonoid accumulation. Among the investigated 

sugars, sucrose and fructose gave the best callus biomass. However, fructose 

induced higher total flavonoids content in comparison with the other investigated 

sugars. Callus browning and polyphenol oxidase activity was greatly reduced by 

treatment with citric acid and simultaneously high accumulation of total 

flavonoids was recorded. 
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تأثير مىظمات الىمو والكربوهيدرات ومضادات األكسدي علي الىمو 

 .Lوإوتاج الفالفووويدات و الىشاط اإلوزيمي  في كالوس وبات الحميض

 Rumex vesicarius. 
 

وادية محمد الشافعي، إيىاس شعبان أحمد، مىي سيد ، عال حمودي  وصالح الديه 

 علي خضرى

 –بٕٝ سٛيف  -صبِعت بٕٝ سٛيف –اٌعٍَٛ  وٍيت –لسُ إٌببث ٚ اٌّيىشٚبيٌٛٛصٝ 

 ِصش. 

 

ش ِٕظّبث إٌّٛ ٚ اٌىشبٛ٘يذساث حٙذف اٌذساست اٌحبٌيت اٌٝ  اٌخحمك ِٓ حأري

 Rumex ِضبداث األوسذة عٍٝ ّٔٛ وبٌٛط ٔببث اٌحّيض ٚ

vesicarius ِٚحخٜٛ اٌفالفٛٔٛيذاث بٗ, وّب حٙذف أيضب اٌٝ ليبط ٔشبط أضيّبث

وسيذيض ٚ ِحًٍ فيٕيً االٔيٓ األِٛٔيب. حُ اخخببسلذسة بعض ِؤوسذ اٌفيٕٛي ٚ اٌبيشٚ

رٕبئٝ  4،2األٚوسيٕبث ِزً أذٚي حّض اٌبيٛحيشن ٚ ٔفزبٌيٓ حّض اٌخٍيه  ٚ 

 وٍٛسفيٕٛوسٝ حّض اٌخٍيه عٍٝ اسخحزبد اٌىبٌٛط ِٓ اٌٛسلت اٌضٕيٕيت 

cotyledonary leaf  ِٕطمت ححج اٌفٍمبث ٚhypocotyl (as explant )

 5,0عٍٝ ّٔٛ ٘زا اٌىبٌٛط ٚ أخبس اٌفالفٛٔٛيذاث ِٕٗ. أظٙشث إٌخبئش أْ  حأريشُ٘ٚ

ِضُ /ٌخش ِٓ أذٚي حّض اٌبيٛحيشن  وبْ األفضً ِٓ بيٓ األٚوسيٕبث اٌّخخبشة  

 ِٓ حيذ ّٔٛ اٌىبٌٛط ِٓ األٚساق اٌضٕيٕيت حيذ حمك أعٍٝ األٚصاْ اٌخضشيت

ص ٚ اٌفشوخٛص ّٔٛا صيذا ٚ اٌضبفت, ٚ ببٌٕسبت ٌٍسىشيبث سضً وال ِٓ اٌسىشٚ 

ٌٍىبٌٛط بيّٕب حُ اٌحصٛي عٍٝ أعٍٝ  حشويض ٌٍفالفٛٔٛيذاث ِٓ اٌىبٌٛط إٌبِٝ 

عٍٝ ٚسظ يحخٜٛ عٍٝ سىش اٌفشوخٛص. ٌٍٚحذ ِٓ حىٛيٓ اٌٍْٛ اٌبٕٝ فٝ ِضسعت 

اٌىبٌٛط، وبْ حّض اٌسخشيه األوزش حأريشا فٝ ٘زا اٌّضبي حيذ حمك ألً حٍْٛ 

وّب  % 1,,7 بيظ ٔشبط أضيُ ِؤوسذ اٌفيٕٛي بٕسبتٌٍىبٌٛط ٚرٌه ِٓ خالي حز

ٚفٝ صيبدة ِعٕٛيت   % 42سبُ٘ فٝ صيبدة اٌٛصْ اٌضبف ٌٍىبٌٛط بٕسبت 

ببٌٕسبت ٌٍعيٕبث اٌضببطت. ِّٚب سبك يّىٕٕب  %21ٌٍفالفٛٔٛيذاث بٕسبت حضيذ عٓ 

اٌمٛي أٔٗ ٌٍحصٛي عٍٝ أعٍٝ أخبصيت ِٓ وبٌٛط إٌببحبث اٌطبيت إلسخخذاِٗ فٝ 

 خبس اٌّٛاد اٌزبٔٛيت اٌٙبِت البذ ِٓ حٙيئت اٌظشٚف اٌّزبٌيت ٌّٕٖٛ ِعٍّيب.أ
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