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ABSTRACT:  The application of cassava starch in the biopolymers industry has been growing 

significantly due to its low cost, good oxygen barrier in the dry state, and biodegradability. 

Plant culture technology is an alternative to traditional propagation as it does not require large 

areas for production, has a higher rate of multiplication, and produces disease-free plants. 

However, the application of cassava callus culture for starch production is limited. This study 

focuses on identifying the significant culture parameters for a maximum Rayong cultivar 

cassava callus growth and evaluation of its starch content. Cassava stems petiole and leaf 

explants were cultured on MS medium containing different combinations of 2,4-D (8, 12, and 

15 mg/L) and BAP (1, 3, and 5 mg/L) under three light conditions (0, 16, and 24 h). The 

screening of the most influential parameter was done using the 2-level Factorial Design in 

Design Expert v13 by analyzing the frequency of callus formation. All leaf explant turned 

brown with no callus induction. The highest frequency of callus formation derived from stem 

petiole explant was achieved by the combination of 8 mg/L 2,4-D and 1 mg/L BAP under the 

light condition (75%) followed by 8 mg/L 2,4 D + 1 mg/L BAP under the dark condition 

(50%). Based on the ANOVA analysis, the individual supply of 2,4-D and BAP respectively, 

have a negative effect on callus formation while the combination of 2,4-D and BAP has a 

positive effect. Light supply did not significantly affect cassava callus formation. The amount 

of starch in the cassava callus was then investigated using an iodine test which yielded 0.21% 

of the total weight of the callus (0.0101g). The amount of starch is relatively low considering 

that the callus was not grown under the optimum condition for starch production. The findings 

of this study open prospects for future research in cassava cultures in favor of starch 

production.  

ABSTRAK: Penggunaan kanji ubi kayu dalam industri biopolimer telah meningkat secara 

mendadak disebabkan oleh faktor kosnya yang rendah, rintangan oksigen yang baik dan sifat 

keterbiodegradasi. Teknologi kultur tisu tumbuhan merupakan alternatif kepada pembiakan 

secara tradisional yang mana teknologi ini tidak memerlukan kawasan penanaman yang luas, 

penghasilan yang lebih singkat dan menghasilkan tumbuhan bebas penyakit. Walau 

bagaimanapun, kajian mengenai penggunaan kanji dari kultur ubi kayu masih belum meluas. 

Kajian ini bertujuan mengenal pasti parameter penting dalam pertumbuhan maksimum kalus 

kultivar ubi kayu Rayong dan kandungan kanjinya. Eksplan dari tangkai petiol dan daun ubi 

kayu dikulturkan dalam medium MS yang mengandungi pelbagai kombinasi hormon 

tumbuhan 2,4-D (8, 12 dan 15 mg/L) dan BAP (1, 3 dan 5 mg/L) di bawah tiga tempoh masa 

pencahayaan (0, 16 dan 24 jam). Saringan parameter paling berpengaruh dilakukan menerusi 

reka bentuk faktorial 2-peringkat perisian Design Expert v13 melalui analisa frekuensi 

1



IIUM Engineering Journal, Vol. 25, No. 1, 2024 Puad et al. 
https://doi.org/10.31436/iiumej.v25i1.2585 

pembentukan kalus. Semua eksplan daun telah bertukar dari hijau ke perang dan tidak 

menunjukkan induksi kalus. Bagi eksplan batang daun, frekuensi pembentukan kalus tertinggi 

diperoleh dari kombinasi 8 mg/L 2,4-D dan 1 mg/L BAP di bawah pencahayaan 24 jam (75%) 

diikuti dengan 8 mg/L 2,4 D + 1 mg/L BAP di bawah pencahayaan malap (50%). Berdasarkan 

analisis ANOVA, medium 2,4-D dan BAP masing-masing menunjukkan kesan negatif 

kepada pembentukan kalus, sementara kombinasi 2,4-D dan BAP memberikan kesan positif. 

Dapatan ini menunjukkan bahawa pencahayaan tidak signifikan terhadap pembentukan kalus 

kultur ubi kayu. Kandungan kanji di dalam kalus ubi kayu kemudiannya diuji dengan larutan 

iodin, dan menunjukkan dapatan sebanyak 0.21% dari berat kalus (0.0101 g). Secara relatif, 

nilai ini adalah rendah memandangkan eksperimen ini bukan dihasilkan di bawah keadaan 

optimum bagi pembentukan kanji.  Hasil kajian ini membuka peluang kepada kajian-kajian 

lain di masa hadapan dalam penghasilan kanji dari kultur tisu ubi kayu. 

KEYWORDS: cassava; callus culture; 2,4-dichlorophenoxyacetic acid (2,4-D); 6-

benzylaminopurine (BAP); light 

1. INTRODUCTION

The application of cassava (Manihot esculenta Crantz) starch in the biopolymers industry

has been growing significantly due to its availability (particularly in seed and tuber plants), 

low-cost, good oxygen barrier in the dry state, renewability, and biodegradability [1]. Cassava 

starch has also gained large popularity as a starch source because of its low gelatinization 

temperature, high binding capacity, and viscosity [2]. For the manufacturing of a sustainable 

and efficient bioproduct raw material, bitter cassava is preferred over sweet cassava as it has 

high starch content, high production yield, and high chemical defense. The exploitation of 30% 

of waste from bitter cassava can be self-sufficient as a feedstock requirement for food, medical 

and packaging industries [3]. In accordance with that, it is estimated that the global cassava 

starch market will reach USD 8.1 billion in the next five years (2023-2027) [4]. 

However, cassava starch usage is facing some limitations in terms of mass propagation. 

The increase in demand requires several thousand hectares of arable land, which is limited 

since there is a decline in empty lands due to economic development. Moreover, traditional 

cassava cultivation records high pest and disease invasions, and requires long periods of 

cultivation [5,6]. Therefore, as an alternative, plant tissue culture has been used as a substitute 

for traditional propagation as it has been proven to remediate insufficient propagation and 

provide disease-free cassava plants. Additionally, in vitro cultivation is not dependent on 

geographical, seasonal, and environmental variations as it controls the plant’s environment 

(nutrient media, physical factors, growth hormones, and aseptic condition) [7].  

Among different types of plant tissue culture, callus culture is the most widely used due to 

its pluripotency. Although this culture is comprised of cells that have no specific function, this 

culture plays an important role in plant culture technology as it is being used as the starter for 

other cultures. For instance, this culture is used to initiate cell suspension culture which is 

frequently used in plant transformation studies or large-scale secondary metabolite production. 

Moreover, callus culture is also very crucial in the regeneration of plants as well as plant organ 

production. Callus culture can regenerate any part of the plant with the use of a suitable plant 

growth hormone [8]. The established conditions such as nutrient media and plant growth 

regulators (PGRs) influence highly on the callus culture induction and growth. 

To our best knowledge, reports on cassava callus culture for starch production are still 

scarce. Most studies aimed to provide an effective callus induction based on the effect of 

different PGRs as well as alternative genetic modification to provide rapid production of the 
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cassava plant [8-10]. Moreover, no report is yet available specifically for the Rayong cultivar 

which was used in this study. Rayong cultivar is a bitter type of cassava, with a high starch 

content, wide adaptability to different environmental conditions, and high yield potential [11]. 

Thus, this study aimed to identify the effect of PGRs and light supply on the initiation of 

Rayong cultivar callus culture and preliminary evaluation of its starch content.   

Plant growth regulators (PGRs) are hormones that affect the growth and development of a 

plant. In the case of callus growth, the major PGRs that influence its development are auxin 

and cytokinin. 2,4-dichlorophenoxyacetic acid (2,4-D) has been reported as the most effective 

auxin for cassava callus formation [8,12]. For cytokinin, thidiazuron (TDZ) induced a higher 

percentage of callus formation followed by 6-Benzylaminopurine (BAP) and kinetin. It is 

concluded that TZD induced the formation of indole-3-acetic acid (IAA) in the cell which helps 

callus formation [9]. However, whether the combination of auxin and cytokinin on cassava 

callus initiation and growth might have a positive impact has yet to be reported. Therefore, this 

study explored the effect of combining 2,4-D (8, 12, and 15 mg/L) and BAP (1, 3, and 5 mg/L) 

on cassava callus initiation.  

Moreover, light supply, as another culture parameter, was also investigated. Cassava callus 

culture can grow in both dark and light conditions, at a temperature of 25-28 °C within 1 month 

[8-9,12]. Light supply influenced the initiation time of the culture i.e. white-light exposure 

culture initiates faster callus formation than the dark culture. Accordingly, continuous light, 

16-h light, and continuous dark conditions were chosen as the range for the light supply 

parameter. Cassava callus culture was initiated according to these parameters with constant 

monitoring of the process for 30 days with an interval of 3 days of sampling. A 2-level factorial 

design in Design Expert v13 (Stat-Ease, Inc., USA) was used for the experimental design and 

screening purposes. Finally, an iodine test was conducted for the preliminary evaluation of 

starch amount in the induced cassava callus. 

2. MATERIALS AND METHODS 

2.1  Materials  

The explants (leaves and stem petiole) were obtained from the cassava trees (Rayong 

cultivar) planted at International Islamic University Malaysia. Ethanol was purchased from 

HmbG Chemicals, Germany while sodium hypochlorite was purchased from Bendosen, 

Malaysia. Both TWEEN® 20 and Gelrite were purchased from Sigma-Aldrich, UK. Murashige 

and Skoog (MS) basal medium, sucrose, casein hydrolysate were purchased from Duchefa, 

Netherlands. Meanwhile, hydrochloric acid (HCl), 2,4-D, and BAP were purchased from R&M 

Chemicals, UK. Sodium hydroxide (NaOH) was from Merck, UK. 

2.2  Surface Sterilization of Cassava Explants 

The surface sterilization procedure was adapted and modified based on Puad et al. [13]. 

Leaves and stem petioles of the Rayong cultivars were washed with antibacterial detergent for 

5 min followed by washing with 50% thiram solution under continuous shaking for 1 hour. 

Each washing was followed by 3 rinses of distilled water. Next, the explants were soaked in 

70% ethanol for 5 min, then bleached with 5.75% sodium hypochlorite with 2-3 drops of 

TWEEN® 20 for 10 min. After each soaking, the explants were rinsed at least three times with 

sterile distilled water [9,12]. The sterile explants were cut into small pieces of 5 mm which 

were inoculated in a media plate (4 explants per plate).  
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2.3  Preparation of Culture Media 

The media preparation used was done following the method proposed by Puad & Tang 

[14]. The media contained 4.4 g/L of MS basal medium, 30 g/L of sucrose, 0.05 g/L of casein 

hydrolysate, 2.5 g/L of Gelrite, and 0.75 mL of plant protection mixture (PPM). The media was 

adjusted to a pH of 5.7 using 1 M of NaOH and 1 M of HCl and sorted following different 

combinations of 2,4-D and BAP concentration as presented in Table 1. 

Table 1: Combinations of different concentrations of 2,4-D and BAP used in the study 

No. Combinations of 2,4-D: BAP (mg/L) 

1 8:1 

2 8:5 

3 12:3 

4 15:1 

5 15:5 

 

Then, the media were autoclaved at 121°C, 15 psi for 20 min and let to cool down till they 

reached 40 °C. The sterile explants were placed on the media, in sterile conditions and the 

cultures were incubated under three light conditions which are continuous light supply (24 h), 

16-h light exposure, and continuous dark condition (0 h). The frequency of callus formation 

was the response used to evaluate the rate of callus formation during a period of 30 days. 

2.4 Experimental Design 

Using Design Expert v13, a 2-level factorial design was set up based on 3 different factors 

which are 2,4-D (8, 12, 15 mg/L), BAP (1, 3, 5 mg/L), and light exposure period (0-24 h) using 

cool-white fluorescent tube lights (2500 lm) resulting in 27 runs. The design was replicated 

two times for two different explants (cassava leaf and stem petiole). Each experiment was 

conducted in triplicate. Table 2 presents the design summary of the experiment. The effect of 

three factors was tested through the ANOVA analysis of the frequency of callus formation. 

Table 2: The range of three factors for 2-level factorial design experiments 

Factor Name Units Low Middle High 

A 2,4 D mg/L 8 12 15 

B BAP mg/L 1 3 5 

C LIGHT h 0 16 24 

Response  Frequency of callus formation  %    

 

2.5 Analytical Procedures 

2.5.1 Callus Growth   

During the 30 days of the incubation period, the observation on the frequency of callus 

formation was recorded every 3 days. The frequency of cassava callus formation was calculated 

using Eq. (1):  

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑐𝑎𝑙𝑙𝑢𝑠 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛(%) =
𝐸𝑥𝑝𝑙𝑎𝑛𝑡𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑐𝑎𝑙𝑙𝑢𝑠

𝑇𝑜𝑡𝑎𝑙 𝑐𝑢𝑙𝑡𝑢𝑟𝑒𝑑 𝑒𝑥𝑝𝑙𝑎𝑛𝑡𝑠
× 100                            (1) 
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2.5.2 Starch Content in Callus 

The extraction of starch from the 0.0102 g of callus obtained from the initiation of the 

cassava callus culture was done following the method described in Reddy & Bhotmange [15]. 

The callus was dried in an oven (Memmert GmbH, Germany) for 48 h at 70 C and then finely 

ground using a mortar and pestle. The protein molecules were removed by dispersing the callus 

in 0.153 mL of distilled water. The solution was adjusted to a pH of 10 by adding a few drops 

of NaOH and mixing moderately for 1 hour. Then, the starch was extracted by 3 sequential 

centrifugations at 5000 rpm for 30 min each. For each centrifugation, the supernatant was 

discarded, and the pellets were treated with 0.0306 mL of NaOH. The starch was resuspended 

in a mixture of 90% ethanol and NaOH for 1 hour at 80C and let to cool to room temperature 

before adding distilled water to a volume of 10 mL. This last step was also performed with 0.10 

g of commercial starch for the preparation of the standard starch solution. 

To measure the starch content of the callus, a standard curve was constructed using 

different concentrations of commercial starch solution i.e., 8, 16, 24, 32, 40%. The absorbance 

at 620 nm was recorded. Eq. (2) was generated from the starch standard curve where Y is the 

absorbance of starch solution and X is the percentage of starch standard solution (%). Eq. (2) 

was then used to calculate the percentage of starch in the sample solution before the amount of 

starch (g) in the callus was determined using Eq. (3).   

𝑌 = 0.0138𝑋 + 0.0179  (2) 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑡𝑎𝑟𝑐ℎ (𝑔) =
𝑋 × 𝑖𝑛𝑖𝑎𝑡𝑖𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑐𝑎𝑙𝑙𝑢𝑠 

100
 (3) 

3. RESULTS AND DISCUSSION

3.1  Callus Induction from Cassava Leaf Explants 

After 1 month, it was observed that there were no calluses induced for any types of PGRs 

and concentrations derived from the cassava leaf explants. Instead, the leaf explants turned 

brown, and no response was observed (no callus initiation, no contamination) indicating that 

the explants were dead (Fig. 1). This could have been caused by the fact that the explants were 

soaked in 70% ethanol for 5 min during the sterilization of the explants. Indeed, ethanol is an 

excellent sterilization chemical, yet it is extremely phytotoxic to the plant cells when exposed 

for a long period time. According to Bello et al. [16], exposing Solnacio biafrae explant with 

ethanol for 20 s gave a high survival rate compared to 3 min and 5 min, respectively. The 

exposition period of the explant to ethanol is different for each plant and from different parts 

of the same plant [17]. As an example, leaf cells have less lignified thin cell walls except the 

leaf epidermis [12]. The thinness of the leaf cell wall might be one of the reasons why the leaf 

explant could not withstand our sterilization technique. Thus, to obtain a ‘clean and live’ leaf 

explant, further study on the sterilization of each type of explant needs to be developed and 

taken account to avoid loss of the explants, time, and material. 

(a)                                     (b) 

Fig. 1: Initiation of cassava callus on MS medium from leaf explant. (a) Day 1, (b) Day 30. 
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3.1 Callus Induction from Cassava Stem Petiole Explants 

3.1.1 Frequency of Callus Formation 

Data tabulated in Table 3 clearly shows that callus was successfully induced from the 

combination of the first combination (8 mg/L of 2,4-D and 1 mg/L BAP) in both light 

conditions (75% to 0%) and dark conditions (50%) while explants placed in 12 mg/L 2,4-D 

and 3 mg/L BAP; 15 mg/L 2,4-D and 1 mg/L BAP; and 15 mg/L 2,4-D and 1 mg/L BAP 

induced very little callus (25%) to no callus induction (0%), respectively. Table 3 also 

demonstrates that the callus induction occurred from day 12 to day 24 in which faster growth 

was observed under the continuous light condition (24 h) compared to the dark condition (0 h). 

These results indicated that the combination and concentration of 2,4-D and BAP, as well as 

the light conditions, have an influence on the cassava callus growth and a lower concentration 

of auxin (2,4-D) and cytokinin (BAP) (8 mg/L 2,4-D + 1 mg/L) is favorable for cassava callus 

initiation.   

Table 3: Summary of cassava callus initiation with different concentrations of 

2, 4–D and BAP, and light conditions 

Run Factor A: 

2,4D 

[mg/L] 

Factor B: 

BAP 

[mg/L] 

Factor C: 

LIGHT 

[h] 

Callus 

induction 

[day] 

Response: 

Frequency of 

callus formation 

[%] 

1 8 5 0 24 25 

2 15 5 24 - 0 

3 8 1 24 14 50 

4 8 5 24 - 0 

5 15 5 0 - 0 

6 15 1 0 - 0 

7 15 1 24 - 0 

8 8 1 0 14 25 

9 12 3 16 24 25 

10 8 5 24 27 25 

11 8 1 0 24 50 

12 15 5 0 - 0 

13 15 5 24 - 0 

14 8 1 24 16 50 

15 15 1 24 - 0 

16 8 5 0 24 50 

17 15 1 0 - 0 

18 12 3 16 - 0 

19 8 5 24 - 0 

20 8 1 0 24 50 

21 15 5 24 - 0 

22 15 5 0 - 0 

23 8 5 0 - 0 

24 12 3 16 - 0 

25 8 1 24 12 75 

26 15 1 0 - 0 

27 15 1 24 - 0 
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3.1.2 ANOVA analysis    

The ANOVA analysis of the stem petiole shows that the p-value for the model was less 

than 0.05, and the F-value was 28.51 which indicates that the model was significant (Table 4). 

The significant model terms were factors A, B and AB. Factor C (light condition) was part of 

the residuals since it is less significant (no effect on the model). Moreover, the difference 

between the adjusted R² and the predicted R² was less than 0.2 and R² was 0.8029 which was 

a higher value indicating a high degree of correlation between the experimental and predicted 

data. Hence it could be deduced that the model has a high degree of significance [18]. The 

equation of the design as shown in Eq. (4) suggests that a lower value of factor A and B, 

respectively results in a higher frequency of callus formation while a higher value of factor AB 

will give a higher frequency of callus formation. 

Table 4: ANOVA analysis of cassava callus growth from the stem explants 

Source Sum of 

Squares 

Degree of 

freedom 

Mean 

square 

F-

value 

p-value  

Model 10458.73 4 2614.68 28.51 <0.0001 Significant 

A- 2,4-D concentration 

(mg/L) 

5162.14 1 5162.14 42.58 <0.0001  

B- BAP concentration (mg/L) 2604.17 1 2604.17 21.48 0.0001  

AB 2604.17 1 2604.17 21.48 0.0001  

Residual 2546.19 21 121.25    

Lack of fit     
 Not 

significant 

Pure error       

Cor Total 12916.67 26     

R² = 0.8029, Adj – R² = 0.7747, Pred – R² = 0.6771 

 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑐𝑎𝑙𝑙𝑢𝑠 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 (%) = +129.21919 − 8.64981𝐴 − 22.32143𝐵 + 1.48810𝐴𝐵      (4) 

The results of this study opposed the previous studies which reported that a higher 

concentration of auxin and cytokinin is favorable for callus growth while a lower concentration 

of auxin and cytokinin favors organ culture growth [8,9]. However, the BAP concentration 

range used in this study (1 mg/L to 5 mg/L) is not within the BAP concentration range (0.1 

mg/L to 1 mg/L) used in Faye et al. [9], which may cause the differences. The contradiction of 

the results obtained could also be due to the cultivar type and explant used. Fletcher et al. [12] 

proposed that different explants and cultivars react differently to different concentrations of 

PGR. In their study using different cassava cultivars available in Ghana, among the 3 

concentrations of 2,4-D used i.e., 8, 12, and 15 mg/L, 2,4-D at 8 mg/L achieved a better callus 

growth of Afisiafi cultivar for both leaf (75%) and bark (25%). In addition, for the Afebankye 

cultivar, the leaf explant gave a better result for 8 mg/L 2,4-D (75%) while the stem petiole 

supplemented with 12 mg/L 2,4-D achieved 45% of callus formation.  However, for Tuaka 

cultivars the percentage of formed callus from the explants such as leaf, stem petiole, and buds 

did not change significantly at any of the three 2, 4-D concentrations (below 20%). Based on 

this, it can be proposed that the stem petiole explant from the Rayong cultivar resulted in better 

callus growth at a lower concentration of 2,4-D (8 mg/L). 

Besides that, this study explored the effect of combining the 2,4-D and BAP at various 

concentrations on cassava callus initiation which so far has not been reported. It is reported that 

the combination of 2 mg/L 2,4-D and 0.1 mg/L BAP gave the best callus induction for two rice 

varieties, Basmati-370 and Basmati-385 [19]. The same results were described for different 
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plants such as Brassica napus and Piper betle L. var Nigra [20,21]. Thus, it can be deduced 

that for a combination of 2,4-D and BAP, the growth of the callus was favored by a lower 

concentration of auxin and cytokinin, and the type of plant, cultivars as well as explants 

significantly influenced the concentration of auxin and cytokinin. 

Table 5: Light condition for different cassava cultivars  

Type of 

cultivars 

Type of 

explants 

Light condition Reference 

Rayong Leaf Continuous light, 16-h light, continuous dark This study 

 Stem petiole 

Not available Leaf 16-h light (white cooling fluorescent lamps) [8] 

Stem 

Root 

Doku Leaf Continuous dark [12] 

Afisiafi Stem petiole 

Afebankye Buds 

Soya Not available 1st incubation: Continuous dark 

2nd incubation in 13-h light (light intensity of 

4000 lux) 

[9] 

Niargi 

Cololi 

Cacau 

Cacau roja 

Although the effect of the light is not significant to the callus growth based on the ANOVA 

results, it could still be observed that the cassava callus induced faster and had a higher 

frequency of callus formation under 24 hours of light exposure (started on the 12th day after 

inoculation) compared to the continuous dark condition (started on the 24th day). Callus formed 

under light condition have a frequency between 75% to 0% while the callus formed under total 

darkness gave a frequency between 50% to 0%. So far, studies related to the influence of light 

conditions on cassava callus culture are still scarce and different light conditions have been 

used to induce cassava callus culture as shown in Table 5. However, it is found that dark 

conditions are suitable for the initiation of rice callus culture while light exposure is suitable 

for its proliferation [22]. The results of this study partially conflicted with Chutipaijit [22] since 

the callus growth under 24 h light exposure recorded a better callus induction (75%) compared 

to the callus grown under continuous dark (50%), and 16h/8 light exposure (25%). On the other 

hand, a study by Ozarowski [23] on tobacco plants reported similar results to this study. The 

leaf blade of Motihari achieved 97.20% of callus formation under light condition. It was 

justified that the irregularities of reported results depend on the plant cultivar and type of 

explant used [23]. 

3.2 Preliminary Analysis of Starch Content in Callus 

The amount of starch in cassava callus was determined using the cassava standard curve 

obtained from the quantitative iodine test performed on commercial cassava starch. The 

measured absorbance of the callus sample was 0.021 AU which corresponds to 0.22% of starch. 

This amount is relatively small compared to the standard amount (4.4 % starch) highlighted in 

Carciofi et al. [24]. The difference in value could be due to starch loss during the purification 

process. This statement is in line with our observation. Indeed, the small amount of callus 

obtained (0.0102 ±0.0002 g) went through several processes that need to be meticulously 

performed such as the separation of the supernatant and pallets during centrifugation. This 
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process could cause some of the desired product to be washed off along with the supernatant if 

not carefully performed.  Thus, the accuracy of the results is highly biased. For future work, 

the selection of the starch extraction process from cassava callus culture should be thoroughly 

studied. 

Another reason that could cause the small amount of starch content in our cassava callus 

is due to the phase of callus growth (induction phase, proliferation phase or regeneration 

phase). A callus cycle comprises 3 phases: the induction phase (dedifferentiation and division 

of the explants of the cells), the proliferation phase (rapid division of the cells), and the 

regeneration phase (differentiation of the cells and organogenesis). It is reported that the callus 

accumulates sugar (glucose and starch) in the proliferation phase of the cycle for the 

regeneration phase as the callus will require large energy for organogenesis and to equilibrate 

the level of free soluble sugars to counterbalance the osmotic potential in the medium [25]. In 

this study, the callus was obtained from a 3-week-old subculture which means it was still in 

the early stage of proliferation explaining why the accumulation of the starch was lower as the 

callus did not accumulate enough starch for its regeneration phase. 

Moreover, the callus obtained was smaller in size and yellow in color (Fig. 2). Those 

physical attributes indicate a low regenerable cultivar which is known to have small amounts 

of sucrose, glucose, and starch content [26]. For rice callus, it is stated that the TN1cultivars, 

which are non-regeneratable (NR), produce small and yellowish callus lacking glucose, 

sucrose, and starch content in both the callus induction phase and regeneration phase while the 

ANT39 cultivars, highly regeneratable (HR) cultivars, produce large, compact, and whitish 

callus which have high glucose, sucrose, and starch content in the callus induction phase but 

low sugar (glucose and starch) content in the regeneration phase. So far, no report regarding 

the regeneration of the cassava Rayong cultivars has been conducted. Thus, a conclusive 

statement cannot be provided since different plants have different attributes although they have 

the same capability to produce starch. 

 

Fig. 2: Starch harvested from the callus induced from cassava stem explant in  

MS media with 8 mg/L of 2,4-D and 1 mg/L BAP. 

4.   CONCLUSION  

It was found that the concentration of the PGRs as well as their combination highly affect 

the frequency of callus formation while the light condition has less to no significance on callus 

induction. It was also found that a lower concentration of 2,4-D and BAP are favorable to callus 

formation (8 mg/L 2,4-D: 1 mg/L BAP). Regarding the evaluation of the starch content in the 

cassava culture using an iodine test, it was found that the callus accumulates only 0.22 % of 

starch which is below the standard value of various callus (4.4%) and might be due to loss of 

starch during the purification process of the starch or the fact that the callus was in the early 
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stage of the callus cycle (early proliferation stage) or the regeneration power of the cultivar 

(NR cassava lack of starch content). Hence, more research is required to provide conclusive 

reasons for the lack of starch in the cassava callus culture.  To improve the study of cassava 

callus initiation for starch production, it is highly recommended to select a sterilization 

technique that is suitable for all types of explants and to select a fast and effective extraction 

technique and starch analysis method for the evaluation of the amount of starch in cassava 

callus. It is hoped that this study will help in selecting the parameters for optimizing the culture 

conditions for cassava callus establishment towards starch production.  
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