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Abstract 
Turmeric( Curcuma longa L.) plant is considered one of the important medicinal species 

belonging to the Zingiberaceae because it is rich with many active compounds. The aim of this 

research was to study the effect of Turmeric powder and BA on direct organogenesis from 

mandarin Citrus reticulata Blanco. Cotyledons which  were  used as  source of  explants  as 

entire cotyledonary segments ( EC ) and longitudinally cuttings (LC) were cultured on 

Murashige and Skoog ( MS) medium containing 500 mg/L malt  extract  and  supplemented  

with Turmeric powder ( 0.0, 200, 400, 600, 800, 1000 and 2000 mg/L ) and BA ( 0.0, 1.0, 2.0 

and 3.0 mg/L ). The highest frequency of regeneration (  100% )  was  observed  in  the  2000  

and 3.0 mg/L respectively  in  both  EC  and  LC  explants.  The  highest  number  of  

buds/shoots was 8.20 and 7.50 which obtained when EC explants were  cultured  in  MS  

medium  supplemented  with 600  mg/L Turmeric  + 3.0 mg/L BA  and  2000  mg/L  Turmeric  + 

3.0 mg/L  BA  respectively  as  compared  with  other  treatments,  while the  combination:  EC + 

600 mg/L 

Turmeric + 3.0 mg/L BA gave the highest length (6.40 mm) which was significantly higher 

than other combinations. 
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 الملخص
بسبب غىاي بانعدٔد  Zingiberaceae مه الأوُاع انطبٕت انمٍمت انعائدة نهعائهت .Curcuma longa L مٔعد وباث انكزك          

فٓ انخكُٔه انمباشز نلأعضاء مه فهك وباث انلانىكٓ  BA. ٍٔدف انبحث انحانٓ انّ دراست حأثٕز انكزكم َمه انمزكباث انفعانت

Citrus reticulta Blanco اسخعمهج انفهك كمصدر نلأجشاء انىباحٕت كمطع فهك كامهت .EC  َممطعت طُنٕاLC             

   2000 , 1000 , 800 ,انكزكم )   بمسحُق  َانمجٍش  انمانج  خلاصت  مهغم/نخز   500  انمخضمه  MS  َسظ  َسرعج عهّ

 )% 100مهغم/نخز (. نُحظ أعهّ معدل نلإخلاف )   BA  (0.0 , 1.0 , 2.0 , 3.0مهغم/ نخز ( مع   600 , 400 , 200 , 0.0
مهغم/نخز عهّ انخُانٓ َفٓ كلا أجشاء انفهك   3.0َ   2000َخاصت انخزكٕشٔه  BA فٓ انخزاكٕش انعانٕت مه كم مه انكزكم َ

حم انحصُل عهًٕ عىد سراعت لطع           7.50َ   8.20. َإن أفضم معدل نعدد انبزاعم /الأفزع ٌُ  EC   َLCانمسخعمهت 

مهغم/نخز +    2000مهغم/نخز  َانكزكم    BA   3.0مهغم/نخز +   600مجٍشا  بانكزكم    MS( عهّ  َسظ  ECانفهك  انكامهت  )

BA  3.0   600مهغم/نخز عهّ انخُانٓ مماروت بانمعاملاث الأخزِ , بٕىما أعطج أجشاء انفهك  انكامهت عىد  سراعخٍا عهّ انخُنٕفت 
 ٔا عهّ بمٕت انمعاملاث.  مهم ( َانذْ حفُق معىُ 6.40أعهّ  معدل  نطُل انبزاعم/الأفزع )   BAمهغم/نخز   3.0مهغم/نخز كزكم  + 
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Introduction 

Turmeric (Curcuma longa L.) is a perennial herb belonging to the family Zingiberaceae. 

Curcuma rhizome is one of the most common spices for the special taste and color.  Many  

chemical compounds that present in Turmeric like  curcumin,  feruloyl- metane, camphene, 

terpines,  phenols,  stigmasterol,  and  flavonoids  [1].  Turmeric  powder  has  many  

pharmaceutical actions ; it has been used  in  treating  leucoderma,  asthma,  tumours  and  

bronchitis [2]. Curcumin prevents flatulence and has a strong anti-inflammatory activity, 

antioxidant activity. A1so it increases bi1e production [3, 4, 5]. Mandarin is a member of family 

Rutaceae and a very popular fruit among various citrus species. The fruits are easy peeling for 

eating, excellent source of vitamin C, fresh consumption, aromatic flavor and low content of 

saturated fat, cholesterol and sodium [6]. 

In vitro technique is a useful method to obtain true- to- type regenerated plants [7, 8]. A 

number of in vitro studies have been made on plant regeneration by organogenesis and 

embryogenesis on various other citrus cultivars [9, 10], but  very  little  information  available  

about procedures for  achieving regeneration from C. reticulata. Cotyledons have a high potential  

of regeneration and represent a good source of tissue cultures, also, in last decade, cotyledons and 

cotyledonary nodal regions were used for transformation mediated by Agrobacterium [11, 12]. 

Because of the important compounds found in Turmeric and  not  used  before  in  tissue  

culture, the present research was aimed to study the  effect  of  different  concentrations  of 

Turmeric powder on direct organogenesis from cotyledons of C. reticulata and to observe any 

ability of this powder to reduce contamination in vitro. 

 

Materials and Methods 

Seeds were collected  from  ripe fruits of  Citrus reticulata Blanco and  transferred  to a  

laminar air flow cabinet where the surface sterilization was  achieved  with  2%  NaOCl  +  

Tween20 for 20 minutes. After removal of two teguments and embryo axis with a scalpel and 

forceps, entire cotyledons ( EC) and longitudinal cut cotyledons ( LC) were used as  explants.  

These explants were cultured on MS medium [l3] supplemented with other contents ( Table-1). 

All cultured explants were incubated in a  culture  room  at  25  ±  2ºC  under  16  hrs 

photoperiod. Experiments were performed with 10 replicates  and  repeated  twice.  The 

regeneration frequency (RF) ( number of explants producing buds or shoots per total number of 

explants cultured  multiplied by 100), the  number  of  buds/shoots  per  explants  and  shoot  length 

( mm ) were measured after 90 days of culture. The experiment was designed according to the 

completely randomized design (CRD) and the data were subjected to analysis of variance ( 

ANOVA ). Significant differences were assessed using L.S.D. test ( P ≤ 0.05) [14]. 
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Table(1): Components of culture medium used for the cultures of C. reticulata explants 

 

Component Concentration (mg/L) 

                  MS salts                      Full strength 

Myo-inositol 100 

Thiamine-HCl 0.5 

Pyridoxine-HCl 0.5 

Nicotinic acid 0.5 

Glycine 2.0 

Turmeric powder 0.0, 200, 400, 600, 800, 1000, 2000 

BA 0.0, 1.0, 2.0, 3.0 

Malt extract 500 

Sucrose 50000 

Agar 7000 

pH= 5.7  

 

Results and Discussion 

The frequency of adventitious  bud  regeneration  by  direct  organogenesis  from  

cotyledonary explants was depending on the type of explant, concentration of Turmeric powder and 

BA added to the regeneration medium ( Table-2). The maximum percentage ( 49.6 %) was  

observed in LC explants as compared with EC explants ( 40.4 %). Cotyledons have the ability of 

regeneration and represented a good source of tissue cultures, and to obtain true-to-type  

regenerated plants [7, 8, 11]. The  best regeneration percentages reached  to 57.5  and  67.5 %  at  

the Turmeric concentrations 600 and  2000  mg/L  respectively which were  significantly higher 

than other concentrations, while the control induced poor organogenesis(18.8%). This revealed that 

Turmeric powder may support the growth of regenerated buds or shoots as it containing many 

important compounds that  are useful for growth as precursors of other  physiological compounds  

or hormones or as co-factors [15]. Results also showed that 3.0 mg/L of BA was the best and 

significant concentration in the regeneration  percentage  which gave 75.0% as compared with  

other treatments. In previous studies showed that the frequency of regeneration increased in the 

medium supplemented with cytokinins [16]. The requirement of BA for organogenesis  and  

somatic embryogenesis may vary according to the  species  of  plant  and  explants  source [17].  

The interaction among explants, Turmeric and BA concentrations showed a significant effect 

specially in the 
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combinations: EC+2000mg/L Turmeric + 3.0 mg/L BA and LC + 2000mg/L Turmeric + 3.0 mg/L 

BA that gave the maximum  response  (100%).  This  revealed  that  cotyledons  have  high 

potential of regeneration  [11],  as well as the  stimulator roles of  Turmeric and BA  in the  

medium. No callus was observed in all cultured explants. 

The shoots began to emerge directly from the explants as green clusters (Figure-1) that 

differentiated into  buds. The number of  regenerated  buds/shoots  per explant was depending on 

the type of explant and  concentration   of  Turmeric and  BA  ( Table-3). Results  showed   that   

EC explants gave  1.89  bud/shoot  per  explants  which  was  significant  than  LC  explants (  

0.93). This showed that entire cotyledons were always more regenerative than segmented 

cotyledons [18] . previous studies showed that organogenesis from coty1edons was successfu11y 

obtained in other p1ants 1ike: Capsicum annum L. [l 9]; Pongamina pinnata L. [20]. Significant 

differences in the number of buds/shoots per exp1ant with  the  different concentrations  of  

Turmeric in which the  maximum number  ( 2.50 and 2.39 ) were  observed  at  600  and 2000  

mg/L  respective1y,  whereas  the   minimum  number ( 0.33)  was  in  the  contro1  treatment. It   

was observed that the  contamination  was  high1y  reduced  in  a11  media  that  containing  

Turmeric powder in different concentrations,  this  revea1ed  the  antimicrobia1  activity  of  

Curcuma  longa and it contains some minera1s  and  precursors of  vitamins  [21]. Regeneration  

was affected by the  addition  of  BA to the MS  medium  in  which  the  number of  buds/shoots  

per exp1ant increased gradua11y from l.09  at l.0  mg/L BA reaching to  the  highest  number (  

2.99) in a medium containing 3.0 mg/L BA, whi1e no response was noted when using the hormone-

free medium ( contro1). The majority of 1iteratures have been reported that BA as the  most active 

cytokinin in shoot pro1iferation and mu1tip1ication in many p1ants through inducing ce11 divisions 

and preventing apica1 dominance [22, 23, 24] . 

The interaction among type of exp1ants, Turmeric and BA concentrations showed significant 

differences in the  number of  buds/shoots  per exp1ant.  EC exp1ants cu1tured in MS  medium +  

600 mg/L Turmeric + 3.0 mg/L BA and MS medium + 2000  mg/L  Turmeric +  3.0  mg/L  BA 

gave maximum numbers of buds/shoots per exp1ants( 8.20 and 7.50 respective1y ) as compared  

with other combinations. 
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Table(2): Effects of different combinations of Turmeric and BA in MS medium on 

regeneration frequency(%) from cotyledonary explants of Citrus reticulata after 90 days of 

culture. 

 

Cotyledonary 

explants 

Turmeric 

Concentration(mg/L) 

BA (mg/L) Mean of 

Turmeric 
0.0 1.0 2.0 3.0 

 

 

 

 

 
EC 

0.0 0.0 10.0 30.0 40.0 18.8 

200.0 0.0 30.0 20.0 30.0 22.5 

400.0 0.0 30.0 30.0 80.0 47.5 

600.0 0.0 30.0 50.0 100.0 57.5 

800.0 0.0 60.0 60.0 50.0 46.2 

1000.0 0.0 50.0 60.0 70.0 55.0 

2000.0 0.0 100.0 100.0 100.0 67.5 

Mean of EC = 40.4  

 

 

 

 

 
LC 

0.0 0.0 0.0 20.0 50.0 

200.0 0.0 20.0 20.0 60.0 

400.0 0.0 70.0 70.0 100.0 

600.0 0.0 90.0 90.0 100.0 

800.0 0.0 50.0 70.0 80.0 

1000.0 0.0 80.0 90.0 90.0 

2000.0 0.0 60.0 80.0 100.0 

Mean of LC = 49.6 

Mean of BA 0.0 48.6 56.4 75.0 

L.S.D.(0.05) Explants = 5.97, Turmeric = 11.17, BA= 8.45 
 

Explants × Turmeric × BA = 31.60 
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Figure(1): Direct organogenesis from cotyledonary explants (arrows) of C. reticulate cultured 

on MS medium with different concentrations of turmeric and BA.   A) EC explants  . B) 

LC explants . 

The shoots regenerated from EC explants were significantly much longer ( 1.66 mm) than those 

in LC explants ( 0.61 mm) ( Table-4). The shoot length was affected by the Turmeric concentrations 

in which the concentration 600 mg/L gave the highest length ( 1.94 mm) which overcame the other 

treatments, then the length was significantly decreased with the increasing of concentration. Shoot 

length also was influenced significantly by the BA concentration in which 3.0 mg/L BA gave the 

best elongation reached 2.09 mm compared with other concentrations. Interaction treatments 

showed a significant effect on shoot length. EC explants cultured on a medium supplemented with 

600 mg/L Turmeric + 3.0 mg/L BA gave the highest length ( 6.40 mm) as compared with other 

combinations ( Figure-2). It was noticed that explants can be survived for long periods (about 6-8 

months) on the same medium that containing Turmeric concentrations specially in the highest 

concentrations (1000 and 2000 mg/L) ( unpublished data ). This may reveal the role of Turmeric 

powder as conservative and antioxidant material. Regeneration from cotyledon explants has been 

reported in several reports [25, 26, 19] , but it has been recorded in only a few  species  belonging  

to Citrus genus: adventitious embryos of  Citrus spp. [7] , indirect  shoot  regeneration  in C. 

grandis (L.) Osbeck (pummelo) [27, 28] and direct organogenesis of C. clementina [18] . It was 

demonstrated that BA is required in vitro  morphogenesis in  C. reticulata.  It  was demonstrated 

that entire plant can be produced from single cell,  tissue or organ depending  on  the  potency of  

the cells of these explants. Plant growth regulators are the critical components in culture media 

through determining the developmental pathway of plant cell. So,  it  has  been  reported  in 

previous studies the  superiority  of  BA  over  other  cytokinins  in  proliferation  and  

multiplication  of  buds  or  shoots  by   direct or   indirect   methods [ 29, 23, 28] . Also, during   

cell division and proliferation of buds and shoots, the cell metabolism is active and this causing the 

high production of free radicals that causing oxidative stress and damage for cells which then 

prevent the proliferation of buds [30]. So that the addition of Turmeric  powder  to  the  MS  

medium that induced regeneration of  buds  and  shoot  may  be  due  to the  presence  of 

antioxidant compounds in Turmeric such as phenols, terpens and saponins which have radical 

scavenging activity to remove toxicity of free radicals and anchorage the formation of buds and 

shoots without damages [31] . 

A B 
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Table(3): Effects of different combinations of Turmeric and BA in MS medium on number of 

buds/shoots differentiated per explants by direct organogenesis of Citrus reticulata after 90 

days of culture. 

 
Cotyledonary 

explants 

Turmeric 

Concentration(mg/L) 

BA (mg/L) Mean of 

Turmeric 
0.0 1.0 2.0 3.0 

 

 

 

 

 
EC 

0.0 0.0 0.50 0.50 0.70 0.33 

200.0 0.0 0.60 0.60 2.60 0.65 

400.0 0.0 0.30 0.50 5.10 1.36 

600.0 0.0 2.60 3.70 8.20 2.50 

800.0 0.0 1.00 1.20 5.10 1.45 

1000.0 0.0 1.30 1.90 2.00 1.18 

2000.0 0.0 2.00 4.90 7.50 2.39 

Mean of EC = 1.89  

 

 

 

 

 
LC 

0.0 0.0 0.0 0.40 0.50 

200.0 0.0 0.30 0.50 0.60 

400.0 0.0 1.40 1.60 2.00 

600.0 0.0 1.70 1.70 2.10 

800.0 0.0 1.10 1.40 1.80 

1000.0 0.0 1.30 1.30 1.60 

2000.0 0.0 1.20 1.50 2.00 

Mean of LC = 0.93 

Mean of BA 0.0 1.09 1.55 2.99 

L.S.D.(0.05) Explants = 0.308, Turmeric = 0.576, BA= 0.435 
 

Explants × Turmeric × BA = 1.630 
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Table(4): Effects of different combinations of Turmeric and BA in MS medium on 

length(mm) of shoots differentiated per explants by direct organogenesis of Citrus reticulata 

after 90 days of culture. 

 
Cotyledonary 

explants 

Turmeric 

Concentration(mg/L) 

BA (mg/L) Mean of 

Turmeric 
0.0 1.0 2.0 3.0 

 

 

 

 

 
EC 

0.0 0.0 0.20 0.90 1.30 0.43 

200.0 0.0 1.30 0.70 1.50 0.71 

400.0 0.0 0.50 1.70 3.80 1.06 

600.0 0.0 1.60 4.00 6.40 1.94 

800.0 0.0 2.70 2.90 3.00 1.40 

1000.0 0.0 2.10 1.90 3.20 1.25 

2000.0 0.0 1.80 2.30 2.70 1.16 

Mean of EC = 1.66  

 

 

 

 

 
LC 

0.0 0.0 0.0 0.30 0.70 

200.0 0.0 0.40 0.80 1.00 

400.0 0.0 0.70 0.80 1.00 

600.0 0.0 0.90 1.10 1.50 

800.0 0.0 0.70 0.80 1.10 

1000.0 0.0 0.80 1.00 1.00 

2000.0 0.0 0.60 0.80 1.10 

Mean of LC = 0.61 

Mean of BA 0.0 1.02 1.43 2.09 

L.S.D.(0.05) Explants = 0.233, Turmeric = 0.437, BA= 0.330 
 

Explants × Turmeric × BA = 1.237 
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Figure(2): Different lengths of buds/shoots that regenerated from different cotyledonary 

explants cultured on MS medium with turmeric and BA. A) EC explants. B) LC 

explants. 
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