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ABSTRACT 

	[bookmark: _Hlk205674575]The previous research reported that in vitro elicitation of white and purple corn did not produce anthocyanins. Therefore, this study aimed to induce accumulation of anthocyanin in in vitro white corn callus cultures. Root tips of in vitro sprouts were used as explants for callus induction on two basal media, N6 and MS, with the addition of 2,4-D alone or in combination with NAA. Callus fresh weight (fw) was measured after 7 and 14 days of culture. The anthocyanin content of the induced callus was then measured using pH difference method.  The results showed that after 14 days of culture, the highest fw of callus on MS media reached 0,102  0,032 g FW, while on N6 media 0,093 – 0,101 g of fw. At 4 weeks after culture pigmented parts appeared in the callus tissue. Measuring anthocyanin content using a spectrophotometer confirmed that the highest accumulation reached 10,07  4,38 mg/g fw was obtained from N6 media supplemented with 2 mg/l 2,4-D + 0,05 mg/l NAA. The results of this study validate that anthocyanin pigments can also be synthesized in in vitro callus of non-purple corn with appropriate condition.	Comment by alaa alkwaz: If the previous research referred to is your own, please state its title in parentheses.	Comment by alaa alkwaz: In Vitro
 ) Please write it like this wherever it appears in the text.(	Comment by alaa alkwaz: FW	Comment by alaa alkwaz: ? ()
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1. INTRODUCTION 
Corn (Zea mays) has a wide genetic diversity shown by various shapes and colors ranging from white to yellow, red, blue, and purple (Kato et al., 2009). Corn plants have the ability to synthesize pigments in different tissues. The pigments in this corn are mainly anthocyanins from the flavonoid class (Khoo et al., 2017) which are responsible for the red, blue and purple colors in many flowers, leaves and fruits (Guzmán‐Gerónimo et al., 2017). 
Colored corn is one of the richest sources of anthocyanins, with concentrations ranging from 51 mg cyanidin-3-glucoside equivalents (C3G)/kg in red corn to 1300 mg C3G/kg fresh weight (fw) in purple corn (Abdel-Aal et al., 2006). Purple corn (Zea mays L.) is a corn variety with a high bioactive content of phenolic compounds and anthocyanins (Cai et al., 2023; Magaña-Cerino et al., 2020). The anthocyanins in purple corn are acylated in the aleurone layer, resulting in a purplish color in the kernels. Anthocyanin pigments have been traditionally used as natural food colorings and potential pharmaceutical ingredients that provide various health benefits (Khoo et al., 2017). However, the provision of anthocyanins is faced with very limited plant sources, long cultivation times, seasonal influences, climate variations, pest or disease attacks and reduced availability of cheap fertile land. Provision of purple corn as a source of anthocyanins takes a long time because harvesting can only be done when the plants are around 105 - 110 DAP, when the purple corn seeds are physiologically ripe (Pamandungan & Ogie, 2017). 	Comment by alaa alkwaz: Its better to put (DAP Diammonium Phosphate) fertilizer is widely used in agriculture to enhance crop growth and yield). To make the explanation clearer

Plant tissue culture is an alternative method for in vitro anthocyanin production in a faster and continuous manner. Callus induction from purple corn sprout explants reached 93% on N6 media while in white corn it was 85% on MS media, each with the supplemented with a single PGR 2,4-D 2 mg/L (Leon-Cisneros et al., 2019). The success of in vitro callus induction is influenced by many factors, including the type of explant and plant growth regulator. The addition of 2,4-D produced the best callus both in the different type of explant (seed sprout and shoot meristem) and different basal media (MS and N6) (José et al., 2018; Rafiq et al., 2005). Internodes, leaves and root tips have also been shown to be effective explants in inducing corn callus. Therefore, this study aims to observe the ability of white corn to produce callus containing anthocyanin pigments.	Comment by alaa alkwaz: The oldest source is placed first, then the most recent, and so on.

2. material and methods
2.1 Plant material and medium / explant preparation

This study used three types of medium, namely germination medium, callus induction medium and callus maintenance. Agar medium consisted of sterile distilled water solidified with 1% agar was used for seed germination. Medium for callus induction was MS and N6 basal medium supplemented with 2,4-D alone (0,5, 1 and 2 mg/L) and combination of 2,4-D (1 and 2 mg/l) and NAA (0,5 and 1 mg/l). Carbon source was 3% sucrose and the medium was solidified with 13 g/L agar. Media were sterilized in autoclave at a temperature of 121C with a pressure of 1.5 atm for 15 minutes.	Comment by alaa alkwaz: This paragraph placed at the section 2.3 please	Comment by alaa alkwaz: I suggest adding the full names of the hormones used in front of each abbreviation.

2.2 Sterilization and germination of corn (Zea mays L.) seeds
Commercial seed corn (Zea mays L.) was soaked in a 6% fungicide solution for 20 minutes, then rinsed with distilled water three times. Next, the seeds were soaked in 70% alcohol for 5 minutes, placed in a 40% commercial bleach solution for 8 minutes, and rinsed again with sterile distilled water three times, each for 5 minutes (Pathi et al., 2013). The sterilized seeds were soaked in sterile distilled water overnight at 4°C in a refrigerator. The seeds were germinated in a germination medium, with each bottle containing five seeds. One-week-old in vitro seedlings were ready to be used as a source of explants. Sterile seeds were germinated on agar medium without the addition of growth regulators under a light intensity of 600 lux at a temperature of 24 ± 2 °C. The cotyledon node of 4 and 7-week-old seedlings was ready to be used as an explant for shoot induction.	Comment by alaa alkwaz: Please write down the light period ( light/ Dark) duration	Comment by alaa alkwaz: It is preferable to add images of your work in relation to the resulting explants 
2.3 Callus induction and maintenance
Stem and root tip explants were cut from one-week-old in vitro corn sprouts and cultured on callus induction media. Initial callus growth was observed for one month then subcultured every two weeks for callus multiplication and anthocyanin pigment production. The growth parameters observed were callus morphology and fresh weight as well as pigmentation levels in the callus.	Comment by alaa alkwaz: Please follow the note in section 2.1	Comment by alaa alkwaz: Sub cultured

2.4 Measurement of anthocyanin content with a spectrophotometer
The measurement of anthocyanin content refers to the method carried out by (Hayati et al., 2012). The callus sample was weighed and dried at a temperature of 50°C for 36 hours. The dry callus sample was ground and weighed as much as 50 g then macerated with methanol containing 1% HCl with a sample to solvent ratio of 1:4 (w/v), for one night at a temperature of ± 5°C. The filtrate was filtered with Whatman No. 1 paper, then the supernatant was re-macerated with methanol containing 1% HCl. The same procedure was applied to the supernatant for the second maceration. The results of the second filtration were combined with the first filtrate and then concentrated using a rotary evaporator at a temperature of 50 °C, a speed of 80 rpm to obtain a crude extract.
Determination of total anthocyanin content was carried out using the pH differential method (Giusti & Wrolstad, 2001). The anthocyanin extract was dissolved in KCl-HCl buffer (1 M, pH 1) and NaOAc buffer (1 M, pH 4.5) with the extract to buffer ratio of 1:5 (v/v). The absorbance of each solution was measured at a wavelength of 520 nm and 700 nm after incubation for 15 minutes at room temperature, the results were entered into Equation : A = [(A510-A700) pH 1 - (A510-A700) pH 4.5] 

2.5 Experimental Design and Statistical Analysis

The experiment was conducted using a completely randomized design (CRD) and each treatment was repeated 8 times for callus induction and 4 times for anthocyanin content. Data were analysed using IBM SPSS Statistics version 30.0.0.0 (172). Normality was tested using Kolmogorov-Smirnov test. Normally distributed data were subjected to parametric testing (ANOVA), while non-normally distributed data were subjected to non-parametric testing (Kruskal-Wallis) followed by a post-hoc test (P < 0.05).

3. results and discussion
[bookmark: _Hlk205321626]3.1 Callus induction
The sterilization method successfully produced a 100% germination rate. (Figure 1). The most prominent growth responses in root tip explants were the dedifferentiation process of callus formation, root hair growth, and the presence of purple/violet pigmented tissue. Callus can be induced in all media treatments. 
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Figure 1 Seed germination
The highest amount of callus was produced in both basal media, N6 and MS medium supplemented with 2,4-D alone or combination with NAA. The results of callus induction at 7 days after culture in MS induction media ranged from 0.032 g in N6 + 2,4-D 2 mg/l + NAA 0.5 mg/l which was significantly different from all other treatments which produced callus wet weights ranging from 0.053 – 0.099 g. MS media with the addition of 1 mg/l 2,4-D + NAA produced the highest average callus wet weight but the variation was quite large so that the standard deviation was also quite large At 14 days after culture, most of the callus wet weights increased which did not differ significantly between treatments, except in the 1 mg/l 2,4-D + 0.5 mg/l NAA treatment (Figure 2). 	Comment by alaa alkwaz: Delete 	Comment by alaa alkwaz: Put in paranthesis (...)


Figure 2. Callus fresh weight on induction medium using MS basal medium. The same letter at the same culture age indicates no significant difference	Comment by alaa alkwaz: Should written in smaller font and placed below the shape for clarity. 
In contrast to the MS basal medium culture, callus induction in N6 basal medium showed that the added growth regulators had a significantly different effect. In 7-day-old cultures, the administration of 0.5, 1, and 2 mg/l 2,4-D alone resulted in a low callus wet weight (0.02 g) and did not differ significantly. Meanwhile, the addition of 2,4-D combined with NAA resulted in a significantly higher callus wet weight (0.05–0.06 g) (Figure 3). After 14 days of culture, the callus wet weight increased significantly in the medium supplemented with the combination of 2,4-D and NAA.

Figure 3 Callus fresh weight on induction medium using N6 basal medium. The same letter at the same culture age indicates no significant difference	Comment by alaa alkwaz: Same note as above
Auxin/cytokinin combinations have been commonly used for in vitro callus induction. The highest fresh callus weight (0.553 g) on Srikandi Putih corn stem explants was produced in MS + 2,4-D 1 mg/L media without cytokinin, while in root explants the highest fresh callus weight (0.085 g) was produced with the addition of 2,4-D 1 mg/L and Kinetin 0.1 mg/L (Astutik et al., 2022). In this study, callus was formed without the addition of cytokinin but only a combination of two types of auxin, namely 2,4-D and NAA. Auxin/cytokinin combinations have been commonly used for in vitro callus induction. However, the addition of auxin alone is often also capable of inducing cell dedifferentiation. Callus formation, a recovery response to wounding, is a natural process involving endogenous hormones. Therefore, the addition of exogenous growth regulators should not ignore the contribution of endogenous hormones to achieve the correct ratio capable of inducing sustained cell proliferation to produce callus.

3.2 Anthocyanin content
After subculture in maintenance media by separating the callus from the parent tissue, root hairs were still visible in some cultures. This might be due to the addition of auxin to the media. However, some violet callus tissue also began to appear (Figure 4B-C). The highest anthocyanin content was produced in callus induced in N6 + 1 mg/l 2,4-D + 0.5 mg/l NAA media, reaching 10,07 mg/g fresh weight. One week after culture, callus had appeared on the cut side of the root tip explant (Figure 4C). The subsequent increase in callus volume was influenced by the composition of the growth regulator (PGR) added to the induction medium. 	Comment by alaa alkwaz: N6 media (...)
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Figure 4. Pigmented violet in white corn callus culture. A-B pigmented callus. C. callus with purple root hair

ANOVA results showed that the anthocyanin content in the violet callus tissue was influenced by the interaction between the basal medium and the added PGR (Figure 5). N6 medium supplemented with 2 mg/l 2,4-D + 0,5 mg/l NAA produced the highest anthocyanin after 4 weeks of culture.


Figure 5 Anthocyanin content on induction medium using MS basal medium. The same letters on the same basal medium indicate no significant difference.	Comment by alaa alkwaz: Same note please
Roots are non-photosynthetic organs which in some species contain various types of anthocyanins. Anthocyanin production through cell and organ culture can be carried out using several strategies, namely selecting cell lines that have the capacity to produce secondary metabolites, optimizing nutrient media, combining growth regulators, and abiotic factors such as light, temperature, and pH of the medium (Murthy et al., 2024). Anthocyanin elicitation in in vitro white maize callus using MeJa elicitor has not been successful in inducing anthocyanin biosynthesis (Leon-Cisneros et al., 2019). The combination of auxin and cytokinin has been widely used efficiently for anthocyanin production and increased cell biomass. The effects of auxin and cytokinin vary across species. Among the various auxins tested, 2,4-D showed a promotional effect on anthocyanin production at low concentrations, promoting cell growth; however, at high concentrations, it inhibited anthocyanin production (Murthy et al., 2024). In this study, all the treatment media have the capacity to induce anthocyanin synthesis. The addition of 2,4-D alone was not better than when it combined with NAA in producing anthocyanins, except at low concentrations (0.5 mg/l 2,4-D).	Comment by alaa alkwaz: MeJA (methyl jasmonate)	Comment by alaa alkwaz: Mention its role briefly 

4. Conclusion

Both basal media, N6 and MS, supplemented with auxins (2,4-D and NAA), can induce cell proliferation in maize root tip explants and trigger anthocyanin biosynthesis. This study demonstrates the potential for in vitro anthocyanin pigment production from callus induced from non-purple maize.
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