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Abstract: In plant tissue and cell culture studies, media compositions are one of the most important factors affecting the micropropagation 

procedure's efficiency. Micropropagation studies can be conducted for commercial productions of medicinal plants, and low-cost options 

always have significance in large-scale productions. Some media component substitutes have been studied to reduce production costs. 

Agar, the media solidifier, is one of the most expensive components of media compositions. In this study, corn and wheat starches were 

used as media solidifiers at 80 and 100 g/L concentrations, and their effects on plant growth (shoot elongations, shoot, node, and root 

numbers) and biomass accumulations (shoot and root fresh and dry weights) in Lavandula officinalis and Digitalis purpurea node cultures 

were reported. The results showed that starch type and their concentrations significantly affected plant growth. Maximum multiple shoot 

number was recorded in medium supplemented with 80 g/L starch and was 61.3% higher than the control. Biomass accumulations were 

not statistically significant; however, higher biomass accumulations were detected in starch-added media than in control. Consequently, 

corn and wheat starches can be used at these concentrations as a substitute for agar to induce multiple shoot formations in L. officinalis 

and D. purpurea node cultures. 
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1 Introduction 

Plant tissue culture techniques are one of the most popular and 

efficient ways of producing a high-yield biomass production 

of high-quality medicinal plants (Moraes et al. 2021). Plant 

tissues and plantlets can be grown homogenously under 

controlled conditions in laboratories without the effects of 

external conditions. High biomass accumulation is needed, as 

plant cells are biofactories that produce plant secondary 

metabolites, which are frequently utilized in the 

pharmaceutical, food, and textile industries. In order to 

increase biomass accumulation in plant tissue cultures, media 

compositions such as concentrations of macro- and 

microelements, growth regulators, and vitamins should be 

optimized first (Nartop 2018). The concentration of agar, 

which is essential for the solidification of culture media, is 

also essential. 6-7 g/L agar is generally added to the culture 

medium to prepare semi-solid media. However, the price of 

agar is the primary parameter that determines the cost of 

production, as it is the most expensive component of culture 

medium (Tyagi et al. 2007). In order to substitute agar, 

researchers use different and low-cost solidifiers such as 

herbal flours, starches, guar gum, isabgol-husk, and sago 

powder at different concentrations (Daut et al. 2011; Gour and 

Kant 2011; Özkaynak et al. 2016). 

Digitalis purpurea L. (Scrophulariaceae) is a medicinal 

plant, and treatment with drugs based on Digitalis extracts is 

frequently used to strengthen cardiac diffusion and regulate 

heart rhythm. Digitoxin, digoxin, and lanatoside C are the 

cardiac glycosides extracted from the leaves of D. purpurea 

plants. The contents of these glycosides are affected when 

traditional agricultural methods obtain biomass production. 

Therefore, in vitro biomass production can be a better and 

more beneficial method to avoid the effects of climatic and 

soil conditions (Bourgaud et al. 2001; Roca-Perez et al. 2004). 

Lavandula officinalis L. (Lamiaceae) (lavender) is an 

aromatic and medicinal plant used for its therapeutic 

properties since ancient times. The main components of the 

aerial parts and flowers are linalool, linalyl acetate, 
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monoterpenes, sesquiterpenes, flavonoids, and terpenoids. 

The extracts obtained from the plant have a sedative effect on 

the central nervous system and trigger memory and learning. 

Essential oil of lavender is also used for its antimicrobial, 

antibacterial, antitumor, anti-inflammatory, antihistaminic, 

and antidiabetic effects (Alnamer et al. 2012; Rabiei et al. 

2014; Raisi et al. 2020). 

Because of their valuable pharmacological activities, these 

two plants are always of interest to medicinal plant producers. 

Therefore, micropropagation of these valuable medicinal 

plants offers a standard production method, independent of 

climatic and soil conditions, which are important for 

commercial production, especially for the pharmaceutical 

industry. In our study, a low-cost micropropagation method, 

depending on starches as medium solidifiers, was 

investigated; nodes obtained from in vitro-grown D. purpurea 

and L. officinalis plantlets were cultivated in WPM media 

containing agar (control – 6 g/L), wheat and corn starches (80 

and 100 g/L) to determine their physiologic effects on growth 

parameters and biomass production rates. 

2 Materials and Method 

2.1 Plant Material and Culture Conditions 

Sterile L. officinalis and D. purpurea shoots, 

micropropagated from nodal explants and grown in WPM 

medium, were transferred to media given in Table 1. Node 

cultures of each species were cultivated for four weeks at 16 

h photoperiod (4000 lux) and 24±1°C temperature to 

investigate the effects of wheat and corn starches on growth 

parameters and biomass production of L. officinalis and D. 

purpurea. 

Table 1. Media composition used for L. officinalis and D. 

purpurea micropropagation. 

Media 
Basal 

Medium 
Agar 

Wheat 

Starch 

Corn 

Starch 
Sucrose pH 

Control WPM 6 g/L - - 30 g/L 5.8 

B80 WPM - 80 g/L - 30 g/L 5.8 

B100 WPM - 
100 

g/L 
- 30 g/L 5.8 

M80 WPM - - 80 g/L 30 g/L 5.8 

M100 WPM - - 
100 

g/L 
30 g/L 5.8 

Woody plant medium (Lloyd and McCown 1980) (WPM) 

supplemented with 6 g/L agar and 30 g/L sucrose was used as 

basal medium. Other media were derived from WPM medium 

and contained different concentrations of wheat (80 and 100 

g/L) and corn (80 and 100 g/L) starches. The pH of the media 

was adjusted to 5.8. The media were autoclaved at 121°C and 

a pressure of 1.2 kg/cm2 for 15 mins before use. 

In the fourth week of cultivation, all cultures were terminated. 

After plantlets were removed from culture vessels, their 

bottom parts and roots were cleared from agar with the help 

of a napkin. In vitro-grown shoots and roots were 

distinguished from each other, and their fresh weights were 

recorded. These shoots and roots were dried for seven days at 

room temperature (24±1°C), and their dry weights were 

recorded.  

2.2 Growth Parameters 

Growth parameters were determined as shoot elongations 

(SE), node numbers (NN), root numbers (RN), shoot numbers 

(SN), multiple shoot numbers (MSN), and biomass 

accumulations were specified as shoot fresh weights (SFW), 

shoot dry weights (SDW), root fresh weights (RFW) and root 

dry weights (RDW).  

2.3 Statistical Analysis 

The study was implemented in a factorial randomized plot 

design, and each experiment was repeated thrice. Fifteen 

explants were used for each replicate. Data were analyzed 

with ANOVA, and the post hoc tests were performed using 

the Tukey test at p < 0.05. 

3 Results 

All the node explants used in this study turned into plantlets, 

and their roots started to grow in the second week of the 

culture period. In Table 2, the results were given by means of 

the growth parameters and biomass accumulation. 

SE was detected higher on L. officinalis (1.90 cm) than D. 

purpurea (1.17 cm). The highest SE was observed on L. 

officinalis at 3.21 cm in B100. The highest SE of D. purpurea 

was 1.87 in M100, which was 49.6% higher than the control. 

The interaction between plant and starch types was 

statistically significant (p=0.024), and the highest value was 

detected in L. officinalis*wheat starch interaction (2.26 cm). 

Even though there was no statistical significance, the mean 

results of SE showed that wheat starch was found more 

beneficial than corn starch (Table 2c), and the use of 100 g/L 

starch had the highest SE (Table 2d), which was 50.4% higher 

than the control.  

The highest NN was detected (9.62) on L. officinalis in the 

B100 medium, whereas the highest NN on D. purpurea was 

observed in the M80 medium (3.53) (Table 2a). The 

interaction between plant type and media was statistically 

significant (p=0.049), and the highest value was detected on 

L. officinalis*100g (8.76). The effect of starches on mean NN 

was nearly the same: 4.43 in wheat starch and 4.44 in corn 

starch (Table 2c). Similar to SE, 100 g/L starch had the 

highest value in NN (5.16), which was 52.7% higher than the 

control (3.38) (Table 2d).  
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Table 2. (a) Shoot elongation (SE), node (NN), root (RN), shoot (SN) and multiple shoot numbers (MSN) of L. officinalis 

and D. purpurea in media supplemented with wheat and corn starch at 80 g/L and 100 g/L concentrations (b) Mean values 

of plant type (c) Mean values of starch type (d) Mean values of media. 

Table 2a 

Plant  Media SE (cm) NN RN SN MSN 

Lavandula 

officinalis 

Control 1.23±0.22 5.64±1.54 1.05±0.41 1.73±0.22 16.30±3.92 

B80 2.36±0.34 6.71±0.94 1.16±0.10 2.07±0.33 48.89±14.59 

B100 3.21±0.43 9.62±0.43 1.67±0.17 2.82±0.21 26.67±1.29 

M80 1.99±0.55 6.93±1.36 2.24±0.33 2.38±0.55 21.48±7.53 

M100 1.38±0.73 7.89±0.79 3.13±0.44 1.87±0.61 17.04±4.13 

Digitalis 

purpurea 

Control 1.25±0.49 1.11±0.34 2.38±0.97 0.56±0.14 6.67±2.23 

B80 0.64±0.16 1.93±0.34 2.42±0.81 0.51±0.12 0.74±0.74 

B100 0.97±0.11 1.55±0.40 3.00±0.20 0.78±0.22 5.18±1.96 

M80 1.06±0.12 3.53±0.93 3.71±0.61 0.80±0.19 2.96±1.96 

M100 1.87±0.61 1.56±0.50 3.73±0.62 1.06±0.24 7.41±1.96 

Table 2b 

Plant Type SE (cm) NN RN SN MSN 

Lavandula officinalis 1.90 A 7.07 A 1.71 B 2.10 A 24.44 

Digitalis purpurea 1.17 B 1.80 B 2.94 B 0.71 B 4.94 

p 0.006 0.001 0.001 0.001 0.001 

Table 2c 

Starch Type SE (cm) NN RN SN MSN 

Wheat 1.60  4.43 1.94 B 1.41  17.41 

Corn 1.46 4.44  2.71 A 1.40 11.98 

p 0.553 0.976 0.031 0.950 0.090 

Table 2d 

Media SE (cm) NN RN SN MSN 

Control 1.23 3.38 B 1.71 B 1.15 11.48 

80g 1.51 4.77 AB 2.38 AB 1.44 18.52 

100g 1.85 5.16 A 2.88 A 1.63 14.07 

p 0.139 0.026 0.028 0.098 0.189 

Each value is the mean of 3 replications, each with 15 explant. Values within column followed by different letters are significantly 

different at the 0.05 level by the Tukey test. 

RN was affected significantly by plant type (p=0.001), 

starch type (p=0.031), and media (p=0.028). The highest 

RN was observed in M100 (3.73) on D. purpurea, 

whereas the highest RN on L. officinalis (3.13) was 

detected in the same medium as well (Table 2a). The mean 

RN (Table 2c) was higher for corn starch (2.71) than 

wheat starch (1.94). The results showed that corn starch 

had better effects on root growth than wheat starch. Once 

again, similar to SE and NN, 100 g/L starch concentration 

had the highest RN value (2.22), which was 30% higher 

than the control (1.71) (Table 2d).  

In SN, only plant type was statistically significant. The 

highest SN (2.82) was obtained in B100 on L. officinalis. 

The maximum SN on D. purpureawas 1.06 in M100 

(Table 2a). As such, in NN, the effects of starches on mean 

SN were nearly the same: 1.41 in wheat starch and 1.40 in 

corn starch (Table 2c). 100 mg/L starch concentration was 

the highest (1.63) and 42% higher than the control (1.15) 

(Table 2d).  

The interactions between plant type*media and plant 

type*starch type were found statistically significant for 

MSN (p=0.012 and p=0.034, respectively). The maximum 

values for MSNs were detected in L. officinalis*80g 

interaction (35.19) and L. officinalis*wheat starch 

interaction (30.62). However, in D. purpurea, corn starch 

was more beneficial than wheat starch (5.67 and 4.20, 

respectively). The mean values were higher in wheat than 

in corn starch (Table 2c). 80 g/L starch concentration 

(Table 2d) had the highest MSN and was 61.3% higher 

than the control. 
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Table 3: (a) Shoot fresh (SFW) and dry (SDW) weights, root fresh (RFW) and dry (RDW) weights of L. officinalis and D. 

purpurea in media supplemented with wheat and corn starch at 80 g/L and 100 g/L concentrations (b) Mean values of plant 

type (c) Mean values of starch type (d) Mean values of media. 

 

Table 3a 

Plant  Media SFW (g) SDW (g) RFW (g) RDW (g) 

Lavandula 

officinalis 

Control 1.14±0.30 0.18±0.04 0.52±0.21 0.03±0.01 

B80 0.76±0.04 0.16±0.02 0.17±0.06 0.03±0.01 

B100 0.71±0.02 0.13±0.01 0.31±0.15 0.04±0.01 

M80 0.83±0.19 0.16±0.04 0.58±0.09 0.09±0.01 

M100 0.80±0.08 0.14±0.01 0.61±0.05 0.11±0.01 

Digitalis purpurea 

Control 1.33±0.25 0.13±0.04 0.71±0.49 0.04±0.02 

B80 0.92±0.23 0.15±0.05 0.80±0.23 0.11±0.04 

B100 0.62±0.09 0.09±0.01 1.18±0.69 0.20±0.10 

M80 1.53±0.21 0.16±0.03 2.29±0.19 0.26±0.03 

M100 1.56±0.54 0.15±0.05 1.08±0.46 0.14±0.06 

Table 3b 

Plant Type SFW (g) SDW (g) RFW (g) RDW (g) 

Lavandula officinalis 0.90 B 0.16  0.44 B 0.05 B 

Digitalis purpurea 1.21 A 0.13 1.14 A 0.18 A 

p 0.037 0.237 0.001 0.005 

Table 3c 

Starch Type SFW (g) SDW (g) RFW (g) RDW (g) 

Wheat 0.91 0.14 0.61 0.08 

Corn 1.20  0.15 0.97 0.15 

p 0.059 0.473 0.078 0.075 

Table 3d 

Media SFW (g) SDW (g) RFW (g) RDW (g) 

Control 1.23 0.15 0.63 0.05 B 

80g 1.01 0.15 0.95 0.12 AB 

100g 0.92 0.13 0.79 0.18 A 

p 0.211 0.460 0.405 0.038 

Each value is the mean of 3 replications, each with 15 explant. Values within the column followed by different letters are 

significantly different at the 0.05 level by the Tukey test. 

 

In SFW, plant type was detected as statistically significant 

(p=0.037). The maximum SFW of L. officinalis was obtained 

in control (1.14 g), whereas 1.56 g of SFW was the maximum 

value for D. purpurea in M100 (Table 3a). In SDW, no 

statistical significance was detected amongst the parameters 

tested. The maximum SDWs for L. officinalis and D. 

purpurea were 0.18 g in control and 0.16 g in M80, 

respectively. Starch-type values were detected nearly the 

same (Table 3c). 

RFW values were only statistically significant for plant type 

(p=0.001) (Table 3b). The maximum RFWs for L. officinalis 

and D. purpurea were were 0.61 g in M100 and 2.29 g in 

M80, respectively (Table 3a). The mean RFW values were 

higher in corn starch (0.97 g) than in wheat starch (0.61 g) 

(Table 3c). The highest mean RFW (0.95 g) was detected in 

80g (Table 3d). RDW values were affected significantly by 

plant type (Table 3b) and media (p=0.005 and p=0.038, 

respectively). The maximum RDWs for L. officinalis and D. 

purpurea were 0.11 g in M100 and 0.26 g in M80, 

respectively. Corn starch had a higher biomass accumulation 

effect on mean RDW than wheat starch (0.15 g and 0.08 g, 

respectively) (Table 3b). The highest mean RDW was  

detected at 100g (0.18 g), which was 3.6 times higher than the 

control (0.05 g) (Table 3d). 

4 Discussion 

The first examinations of the starches' effects were done 

visually. Both corn and wheat starches at 80 and 100 g/L 

concentrations gave enough strength to the culture medium to 

place the node explants easily and support growth. Similarly, 

Ebile et al. (2022) reported no morphological or vitrification 

problems when banana shoots were cultivated in a medium 

supplemented with tapioca starch instead of agar. 
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SE values of L. officinalis were found to be higher in media 

supplemented with starches than in the control. In D. 

purpurea, only M100 values were higher than in the control. 

Wheat starch showed higher SEs on plantlets (Table 2c). The 

use of 100 g/L starch concentration had the highest SE. Corn 

and wheat starches have promoted elongations of shoots in 

both plant types in our study (Table 2d). Similarly, Özkaynak 

et al. (2016) reported the use of guar gum, a plant-based 

natural product, as a medium solidifier, and the results 

showed that plant height in in vitro cultures of Solanum 

tuberosum was enhanced from 5.9 cm to 7.76 cm when guar 

gum was added to MS medium at 12 g/L.  

NN values showed an accordance with SE values as expected. 

The type of starch did not affect the NN. However, 100 g/L 

concentration had the highest NN and was 52.6% higher than 

the control. The number of nodes per explant was also 

enhanced in S. tuberosum in vitro cultures when 15 g/L guar 

gum was added to the MS medium (Özkaynak et al. 2016).  

The number of roots in both plant types was higher than the 

control in starch-applied media. RNs of both plant types 

gradually increased as the starch concentration enhanced. 

RNs of corn starch-added media were higher than those of 

wheat starch-added media. This result showed that corn starch 

can be preferred in root culture studies, and 100 g/L 

concentration will benefit better root growth. 

In micropropagation studies, one of the most critical 

parameters is the multiple shoot formation rate. High numbers 

of multiple shoot formations facilitate micropropagation and 

accelerate biomass accumulations. Therefore, the component 

that triggers the multiple-shoot formation should be specified. 

In our study, MSN values were affected by plant type*media 

and plant type*starch interactions. Interestingly, L. officinalis 

was mainly affected by wheat starch, whereas corn starch was 

more effective on D. purpurea. Daud et al. (2011) reported 

that potato starch was used effectively at 40-100 g/L 

concentrations in Celosia sp. stem cultures as the jelling 

agent, and the number of shoot regenerations was detected 

between 18.90 and 26.50. In some micropropagation studies, 

starches and agar were used together in culture media. The 

results showed that using lower amounts of agar (1-2 g/L) 

when combined with starches, enhanced the number of shoot 

regenerations (Karim et al. 2003; Mohamed et al. 2009; Daud 

et al. 2011). This result may be the consequence of the 

structure of the starches; they are carbohydrates and may act 

as carbon sources in culture conditions for plant explants for 

their better growth. Hence, different starches can be used 

alone or with agar in culture media to promote the rate of 

micropropagation via enhanced multiple-shoot formations. 

Biomass accumulation is important for micropropagation 

studies, especially in producing valuable medicinal plants. 

Our study evaluated fresh and dry weights of shoots and roots. 

Although no statistical significance was detected in starch 

type and media experiments, corn starch had higher mean 

results among these four parameters. Hence, corn and wheat 

starches can be used instead of agar because of the lack of 

statistical significance between the parameters. However, 

different starches can be used to promote biomass 

accumulation. Özkaynak et al. (2016) reported that using 18 

and 20 g/L guar gum in MS medium enhanced fresh weights 

in S. tuberosum from 0.71 g to 1.68 g and 1.12 g, respectively.  

Different materials were used instead of agar for different 

plant and culture types. Jain and Babbar (2006) successfully 

used xanthan gum as a media solidifier in Calliandra tweedii 

in vitro cultures to obtain seed germination, caulogenesis and 

somatic embryogenesis. Interestingly, Deb and Pongener 

(2010) used polyurethane foam discs, chopped coconut and 

betel nut coirs and leaf litters instead of agar in order to obtain 

in vitro seed germination and plant regeneration of 

Cymbidium aloi and the best results were obtained from 

polyurethane foam. Moraes-Cerdeira et al (1995) reported 

that cotton fibers utilized for callus maintenance and shoot 

organogenesis of Agrostis and Taxus were found better than 

agar. 

5 Conclusion 

Using starches as media solidifiers is an essential low-cost 

option for micropropagation studies. The prizes of the 

starches are much lower than the agar prizes. Starches have 

been mainly used in nourishment. Therefore, they are easy to 

access. Moreover, their plant-based and non-toxic (edible) 

nature positively affects plant growth in in vitro conditions. 

They support plant explants in media as both media solidifiers 

and carbon sources. This study proved that corn and wheat 

starches did not show toxic or growth-inhibiting effects on L. 

officinalis and D. purpurea node cultures. Multiple shoot 

formations, which strongly affect the micropropagation rate, 

were promoted by 80 and 100 g starch additions. These results 

showed that more studies should be established about media 

solidifiers, which may be substituted for agar. 
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