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ABSTRACT 
The cultivation of avocado (Persea Americana Mill.) cv. Hass via callus culture presents a sustainable 
approach for producing secondary metabolites. This study was conducted out to investigate the potential 
of callus culture in the production of bioactive compounds of avocado. Callus cultures were initiated 
from zygotic embryos on Murashige and Skoog (MS) medium supplemented with different 
concentrations of auxins 2, 4-dichlorophenoxyacetic acid (2, 4-D) and naphthalene acetic acid (NAA). 
Callus growth (fresh and dry weights), total phenolic and flavonoid contents, and antioxidant activity 
were evaluated four weeks after culture establishment. The results indicated that callus cultures were 
successfully established on all growth regulators combinations. In this regard, treatment of 5.0 mg/L 
2,4-D exhibited the highest biomass accumulation. Total phenolic and flavonoid contents varied among 
treatments, with the highest values observed in callus grown on medium containing either 2.5 mg/L 2,4-
D or 5.0 mg/L 2,4-D. The same trend was also observed with the antioxidant activity where 2.5 mg/L 
and 5.0 mg/L 2,4-D proved to demonstrate the highest antioxidant capacity (88.7% and 88.9%, 
respectively). Further investigation is needed to optimize culture conditions for enhanced production of 
bioactive compounds in avocado callus cultures. This study provides preliminary evidence for the 
potential of 'Hass' avocado callus culture as a source of natural antioxidants. 
 
Keywords: Avocado, Callus culture, Biomass accumulation, Phenolics, Flavonoids. 

 
1. Introduction 

Free radicals molecules are linked to the development and worsening of many chronic and 
degenerative diseases, including cancer, stroke, anemia, arthritis, heart disease, lung disease, 
autoimmune disorders, and conditions affecting the brain and cardiovascular system (Zehiroglu & 
Ozturk Sarikaya, 2019; Chaudhary et al., 2023). When the body struggles to eliminate these free 
radicals, a state called oxidative stress occurs. This stress can damage all types of important molecules 
in the body, including DNA, proteins, carbohydrates, and fats (Amer & Aly, 2019; Mancini et al., 2020; 
Zhang et al., 2021). To combat the harmful effects of free radicals, our bodies rely on antioxidants. 
These are special molecules that can neutralize free radicals, preventing them from damaging important 
cellular components. While some antioxidants are produced naturally within the body, we must obtain 
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essential ones like vitamin E, vitamin C, and beta-carotene through our diet. Plants are a treasure trove 
of naturally occurring antioxidants. In fact, an estimated two-thirds of all plant species have medicinal 
properties, and nearly all possess significant antioxidant potential (Kasote et al., 2015; Liao et al., 2022). 
This has led to a renewed interest in traditional medicine around the world, with researchers exploring 
the potential of numerous plant species. One such plant with promising properties is the avocado. 

Avocado (Persea americana Mill.) is a significant fruit crop belonging to the Lauraceae family. 
This trendy and delicious fruit originates from Central America. Avocado trees thrive in diverse 
environments, adapting to both humid tropics and drier, Mediterranean-like regions around the world 
(Tremocoldi et al., 2018; Tamayo-Ramos et al., 2022). Embraced by health-conscious consumers, 
avocado consumption has skyrocketed in recent years. Global production has tripled (increased by 
300%) in the past two decades (2000-2018), with no signs of slowing down (Food and Agriculture 
Organization of the United Nations Statistical Databases, FAOSTAT, 2018). This exceptional growth 
is evident not only in overall production but also in the expanding area of land dedicated to avocado 
cultivation. Avocados are nutrient powerhouses, containing high levels of minerals, vitamins, protein, 
fiber, and unsaturated fatty acids (Mardigan et al., 2018; Waly et al., 2023; Wang et al., 2023; Sina et 
al., 2024). They are also rich in bioactive compounds like phenolic acids, flavonoids, and tannins 
(Figueroa et al., 2018; Cárdenas-Castro et al., 2023). These bioactive compounds are known for their 
strong antioxidant properties and various health benefits. For these reasons, avocados are widely used 
in the food industry, as well as nutraceutical, pharmaceutical, and cosmetic applications (Bhuyan et al., 
2019; Vidales-Paz et al., 2021). 

Despite the growing interest in extracting antioxidants and other beneficial compounds from 
avocados, the process faces several challenges. Fresh plant tissues, like avocados, can deteriorate 
quickly, are only available seasonally, and most importantly, can yield inconsistent quality extracts. 
(Irshad et al., 2018; Ochatt et al., 2022; Wu et al., 2024).  Additionally, even avocado grown from the 
same parent tree using seedlings exhibit genetic variations, leading to differences in the amount and type 
of these bioactive compounds. This variability makes it difficult to obtain consistent results when 
extracting antioxidants from avocados. 

Plant tissue culture technology offers a potential solution to the challenges of extracting antioxidants 
from avocados. This technology allows for year-round production of these valuable compounds in a 
controlled environment, using minimal space. Additionally, it provides a way to optimize the production 
of these bioactive compounds and ensure consistent quality through mass cloning of specific avocado 
plants or tissues. From an industrial standpoint, this consistency is crucial. (Amer and Omar., 2019; 
Shasmita et al., 2023). 

However, despite initial research on avocado tissue culture starting decades ago, the technology for 
avocados is still considered underdeveloped. Studies have shown that avocados are difficult to propagate 
using this method, often resulting in low yields of regenerated plant material. (Hiti-Bandaralage et al., 
2017). Despite persistent efforts to improve regeneration and transformation protocols (methods for 
introducing new genes, success has been limited). (Catalina et al., 2018; Palomo-Ríos et al., 2017).  

Although, avocado has been found to be a potential source of various phenolic compounds with 
high antioxidant capacities, to our knowledge, research on in vitro induction of phenolic antioxidants, 
using callus cultures, is non-existent. Hence, the present study aims to investigate the effect of different 
growth regulators on biomass accumulation, total phenolic and flavonoid contents and antioxidant 
activity of callus cultures of Hass avocado. 

 
2. Materials and Methods 
2.1. Plant material and surface disinfestation 

Mature fruits of the 'Hass' avocado cultivar were obtained from a local orchard. Fruits with no 
blemishes or signs of disease were selected. Avocado fruits were washed with running tap water and 
soap followed by rinse in water for 1 hour, and ethanol 70% soaking for 15 minutes. Fruit were rinsed 
with sterile purified water and then sectioned for seed extraction. 
 
2.2. Seed sterilization procedures 

Inside a laminar flow hood, fruit and seeds were disinfested using 10 % sodium hypochlorite 
solution with 2-3 drops of Tween −20 for 20 minutes, then final washing 2-3 times with sterile distilled 
water. Seeds were rinsed with sterile purified water to eliminate remaining parts of the mesocarp (flesh). 
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The clean seeds were placed in 70% alcohol for 15 minutes and then placed in a laminar flow hood 
where they were flamed superficially. Clean seeds were sectioned and the zygotic embryos extracted. 
 
2.3. Medium preparation  

The basal medium used for callus induction was MS medium (Murashige and Skoog., 1962) with 
full-strength macro and microelements and vitamins. 

 
2.4. Plant growth regulators (PGRs): 

The medium was supplemented with two different PGRs at different concentrations 
  

Treatment 1 (T1): 2, 4-dichlorophenoxyacetic acid (2, 4-D) at 0.5 mg/L. 
Treatment 2 (T2): 2, 4-dichlorophenoxyacetic acid (2, 4-D) at 2.5 mg/L. 
Treatment 3 (T3): 2, 4-dichlorophenoxyacetic acid (2, 4-D) at 5.0 mg/L. 
Treatment 4 (T4): 2, 4-dichlorophenoxyacetic acid (2, 4-D) at 7.0 mg/L.   
Treatment 5 (T5): Naphthalene Acetic Acid (NAA) at 0.5 mg/L.  
Treatment 6 (T6): Naphthalene Acetic Acid (NAA) at 2.5 mg/L.  
Treatment 7 (T7): Naphthalene Acetic Acid (NAA) at 5.0 mg/L.  
Treatment 8 (T8): Naphthalene Acetic Acid (NAA) at 7.0 mg/L. 

 
The culture medium consisted of basal salts and vitamins supplemented with 100 mg/L Myo-

inositol, 30 g/L sucrose, and 7 g/L agar. The pH was adjusted to 5.8 before adding filter-sterilized plant 
growth regulators (PGRs).The medium was autoclaved at 121°C and 1.05 bar pressure for 20 minutes. 
After autoclaving, the medium was allowed to cool to approximately 45°C before adding the filter-
sterilized PGRs and other supplements. The autoclaved medium was then dispensed into sterile Petri 
dishes (90 mm diameter) at 20 ml per dish and allowed to solidify. 
 
2.5. Callus culture establishment  

Isolated zygotic embryos were placed onto the semi-solid callus induction medium in Petri dishes 
under aseptic conditions in the laminar flow hood. Seven explants were placed per Petri dish. 
 
2.6. Culture conditions: The inoculated Petri dishes were sealed with Parafilm and incubated in a 
growth chamber under controlled environmental conditions with temperature of 25 ± 1°C, in darkness 
conditions, and a relative humidity of 60%. 
 
2.7. Sub-culturing 

Callus was sub-cultured every four weeks onto fresh callus induction medium. Approximately half 
of the actively growing callus tissue was transferred to new Petri dishes using sterile techniques. 

 
2.8. Callus characterization  
2.8.1. Morphology characteristics 

The visual characteristics of the developing callus tissue were documented throughout the 
experiment. Observations included color, texture, and growth pattern. Digital photographs were taken 
at regular intervals to monitor callus development. 

 
2.8.2. Growth measurement 

Callus growth was quantified by measuring the fresh and dry weight of the callus tissue every four 
weeks during sub-culturing. The callus tissue was carefully separated from the medium and weighed 
using an analytical balance. 

 
2.9. Analysis of secondary metabolite production  
2.9.1. Total phenolic content (TPC) (mg/g DW) 

Phenolic compounds were extracted from callus tissue using 80% methanol. The TPC was 
determined using the Folin-Ciocalteu reagent method, with gallic acid as the standard. Sample was 
prepared using a mixture of water and ethanol 80%. Then the sample extract is mixed with the Folin-
Ciocalteu reagent and allowed to react for 20 min under controlled conditions (65°C). Phenolic 
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compounds in the sample reduce the F-C reagent, causing a color change (from yellow to blue). The 
absorbance of the reaction mixture is measured at a specific wavelength (765 nm) using a 
spectrophotometer. Using the absorbance values of the gallic acid standard solutions, a standard curve 
is generated. The absorbance of the sample solution is compared to this curve to estimate its total phenol 
content, expressed as gallic acid equivalents (GAE), (Kupina et al., 2017; Geremu et al., 2016). 

 
2.9.2. Total Flavonoid Content (TFC) (mg QE/g DW) 

Flavonoids were extracted from callus tissue using methanol 80%. The powdered callus tissue is 
mixed with the solvent and subjected to extraction procedures shaking. This process repeated several 
times to ensure maximum extraction of flavonoids. The TFC was measured using a colorimetric assay, 
with quercetin as the standard. The absorbance of the flavonoid extract is measured using a 
spectrophotometer, typically at a wavelength of (415 nm) where the color change is most pronounced 
(Sen et al., 2020). 

 
2.10. Antioxidant Capacity (%) 
2.10.1. DPPH Radical Scavenging Activity  

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity of the avocado callus extract 
was evaluated as five hundred microliters (µL) of the fresh methanolic callus extract were combined 
with 2 mL of a 0.004% DPPH solution in 80% methanol. The reaction mixture was thoroughly mixed 
and incubated in the dark at room temperature for 30 minutes. As described by Abo El-Fadl et al. (2022), 
the wavelength of maximum absorption (λmax) of the mixture was determined using a 
spectrophotometer, and a value of (517 nm) was obtained. The percentage of DPPH radical scavenging 
(%RSC) was calculated using the following formula: %RSC = [(Ablank – Asample) / Ablank] x 100. 
Where, %RSC; DPPH radical scavenging activity (%), Ablank; absorbance of the blank control (2 mL 
DPPH solution + 0.5 mL methanol), and Asample; absorbance of the reaction mixture containing the 
avocado extract.  
 
2.11. Statistical Analysis 

All experiments were conducted in triplicate. Statistical analysis was performed using one-way 
ANOVA followed by LSD test using SPSS software. 
 
3. Results  
3.1. Callus induction frequency  

Various concentrations of 2,4-D or NAA were evaluated for the maximum frequency of callus 
induction. The results demonstrate that both of them were efficient for callus induction Table (1). 
Moreover, callus induction frequency was 100% for all treatment regardless of the type (2,4-D, NAA) 
or the concentration (0.5, 2.5, 5.0, 7.0 mg/L) of plant growth regulator. 

 
3.2. Fresh weight  

Table (1) showed that the callus fresh weight ranged from 5.48 g to 11.0 g. The highest fresh weight 
was observed for callus under 2,4-D at a concentration of 5.0 mg/L followed by NAA at a concentration 
of 5.0 mg/L and 2.5 mg of both 2,4-D and NAA with no significant differences between these groups 
whereas 0.5 mg/L of NAA exhibited the lowest fresh weight. It is noticeable that all treatments with 
2,4-D were higher than the corresponding NAA treatments from statistical point of view. The highest 
fresh weight for NAA supplementations were recoded for 5.0 mg/L and 7.0 mg/L treatment with no 
significant difference between them (8.83 g, 8.80 g). 

 
3.3. Dry weight  

Dry weights of callus cultures treated with 2,4-D ranged from 0.11 g to 0.43 g (Table 1). Maximum 
efficiency of dry weight accumulation was recorded for the concentration of 5 mg/L followed by 2.5 
mg/L treatment whereas both treatments with either 0.5 mg/L or 7.0 mg/L showed the lowest dry weights 
with no significant differences between them. In contrast, callus treated with NAA ranged between 0.06 
g/L and 0.28 g/L (Table 1). The highest dry weight was recorded for both 5.0 mg/L and 7.0 mg/L 
treatments (0.28 g and 0.27 g, respectively) with no significant difference between them whereas the 
lowest dry weight was recorded for treatment with 0.5 g/L. Overall, 5.0 mg/L 2,4-D showed the highest 
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dry weight whereas 0.5 mg/L showed the lowest dry weight. Similar to fresh weight results, all 
treatments with 2,4-D were higher than the corresponding NAA treatments. 

 
Table 1: Effect of different concentrations of 2, 4-D and NAA on growth of Hass avocado callus after 

4 weeks of culture 

Auxin type 
Concentration 

 (mg/L) 

Callus induction 
frequency 

 (%) 

Fresh weight   
(g) 

Dry weight  
(g) 

2,4-D 

0.5 100 6.65  c 0.11 c 

2.5 100 8.92  b 0.26 b 

5.0 100 11.00  a 0.43 a 

7.0 100 6.77  c 0.25 b 

NAA 

0.5 100 5.84 d 0.06  d 

2.5 100 6.72 c 0.12  c 

5.0 100 8.83 b 0.28  b 

7.0 100 8.80 b 0.27  b 

 
3.4. Callus morphology  

At 2.5 mg/L 2,4-D, callus showed a white color, compact in texture, and exhibited a smooth growth 
pattern (Table 2). Increasing the concentration to 5.0 mg/L 2,4-D maintained the white color and 
compact texture but introduced a nodular aspect to the otherwise smooth growth pattern. At 7.0 mg/L 
2,4-D, the callus turned yellow, became friable (crumbly), and continued to show a nodular growth 
pattern (Fig 1). The change in color indicate a physiological response to the higher concentration of 2,4-
D, while the friable texture indicates less cohesive growth, which can be useful for certain types of 
studies or propagation methods. NAA concentration significantly influenced avocado callus 
morphology. Callus color shifted from white to yellow-brown with increasing NAA, potentially due to 
altered phenolic compounds or stress responses (Fig 2). Higher NAA promoted callus compaction, 
indicating effects on cell wall metabolism. Growth patterns were mixed, with higher NAA leading to 
nodular structures alongside smooth areas, reflecting localized differentiation and hormonal regulation.  
 
Table 2. Callus initiation from Hass avocado seeds on MS medium supplemented with different 

concentrations of 2, 4-D and NAA. 

Auxin type                 
Concentration 

(mg/L) 
Color Texture Growth Pattern 

  
2,4-D 
  

0.5 White Friable Nodular 

2.5 White-Yellow Compact Smooth 

5.0 White - Yellow Compact Nodular, Smooth 

7.0 Yellow - Brown Friable Nodular 

  
NAA 
  

0.5 White Friable Smooth 

2.5 White 
Friable-
Compact 

Smooth 

5.0 White- Yellow Friable Nodular 

7.0 White- Brown Compact Nodular 
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Fig. 1: Callus induction from Hass avocado seed explants after 4 weeks of culture on MS medium 
containing: (A)- 0.5 mg/l 2,4-D, (B)- 2.5 mg/l 2,4-D, (C)- 5.0 mg/l 2,4-D, (D)- 7.0 mg/l 2,4-D. (E)- 
0.5 mg/l 2,4-D white, friable and nodular, (F)- 2.5 mg/l 2,4-D white, compact and smooth, (G)- 5.0 mg/l 
2,4-D white, compact and nodular smooth, (H)- 7.0 mg/l 2,4-D yellow, friable and nodular.  
 

 
 

Fig. 2: Callus induction from Hass avocado seed explants after 4 weeks of culture on MS medium 
containing: (A)- 0.5 mg/l NAA, (B)- 2.5 mg/l NAA, (C)- 5.0 mg/l NAA, (D)- 7.0 mg/l NAA. (E)- 
0.5 mg/l NAA white, friable and nodular, (F)- 2.5 mg/l NAA white, compact and smooth, (G)- 5.0 mg/l 
NAA white, compact and nodular smooth, (H)- 7.0 mg/l NAA yellow, friable and nodular.  
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3.5. Total phenolic content (TPC)  
The phenolic content of callus cultures treated with 2,4-D ranged from 26.16 mg/g to 44.15 mg/g 

dry weight (Table 3). The highest total phenolic content was observed in the concentrations of 2.5 mg/L 
and 5 mg/L (43.76 mg/g DW and 44.15 mg/g DW, respectively) with no significant difference between 
them. The lowest total phenolic content was recorded in the concentrations of 0.5 mg/L and 7.0 mg/L 
(26.26 mg/g DW and 27.03 mg/g DW, respectively) with no significant difference between them. The 
phenolic content of callus cultures treated with NAA ranged between 13.82 mg/g DW and 37.14 mg/g 
DW (Table 3). Maximum amount of total phenolic content was obtained with the treatment of NAA at 
a concentration of 5.0 mg/L and 7.0 mg/L (36.69 mg/g DW and 37.14 mg/g DW, respectively) with no 
significant difference between them followed by the treatment of NAA at a concentration of 2.5 mg/L 
(19.96 mg/g DW) whereas the lowest total phenolic content was recorded for the 0.5 mg/L NAA (13.82 
mg/g DW). The best treatment for the accumulation of phenolics in callus culture of Has avocado is 2,3-
D at a concentration of 2.5 mg/L and 5.0 mg/L with no significant difference between them whereas 
NAA at a concentration of 0.5 mg/L demonstrated the lowest level of total phenolic content. 
 
Total Flavonoid Content (TFC) 

Total flavonoid content of callus cultures treated with 2,4-D ranged between 4.68 mg/g DW and 
5.54 mg/g DW (Table 3). The highest content was recorded for both treatments, i.e., 2.5 mg/L and 5 
mg/L (5.39 mg/g DW and 5.54 mg/g DW, respectively) whereas the lowest content was recorded for 
both treatments, i.e., 0.5 mg/L and 7 mg/L (5.39 mg/g DW and 5.54 mg/g DW, respectively). Total 
flavonoid content of callus cultures treated with NAA ranged from 2.05 mg/g DW to 4.89 mg/g DW 
(Table 3). Maximum amount of total flavonoid was obtained with the supplementation of NAA at a 
concentration of 5.0 mg/L and 7.0 mg/L (4.76 mg/g DW and 4.89 mg/g DW, respectively) with no 
significant difference between them followed by NAA at a concentration of 2.5 mg/L (2.84 mg/g DW) 
whereas 0.5 mg/L NAA showed the lowest level of total flavonoid content (2.05 mg/g DW). In general, 
maximum amount of flavonoid content was obtained when 2,4-D at a concentration of 2.5 mg/L and 5.0 
mg/L was used whereas the lowest flavonoid content was recorded for NAA at a concentration of 0.5 
mg/L). 
 
Antioxidant Capacity  

The results in Table (3) indicate that all sample exhibited antioxidant activity with varying degrees. 
Similar to the results of total phenolic and flavonoid contents, 2,4-D proved to be superior over NAA. 
All treatments with 2,4-D showed either higher or equal performance compared with corresponding 
treatments with NAA. The highest antioxidant activity was recorded for 2,4-D at a concentration of 2.5 
mg/L and 5 mg/L (88.7 %, 88.9 %, respectively) with no significant difference between them followed 
by 2,4-D at a concentration of 0.5 mg/L and 7.0 mg/L and NAA at a concentration of 5 mg/L and 7 
mg/L with no significant differences between these groups. The lowest antioxidant power was recorded 
for callus cultures treated with NAA at a concentration of 0.5 mg/L. 
 
Table 3: Effect of different concentrations of 2,4-D and NAA on total phenolic and flavonoid contents 

and antioxidant capacity of avocado callus. 

Auxin 
type 

Concentration 
(mg/L) 

Total phenolic 
content (mg/g) 

Total flavonoid 
content (mg/g) 

Antioxidant 
capacity (%) 

2,4-D 

0.5 26.16 c 4.68b 80.2d 
2.5 
5.0 
7.0 

43.76 a 
44.15 a 
27.03 c 

5.39a 
5.54a 
4.73b 

88.7a 
88.9a 
79.8b 

NAA 

0.5 13.82e 2.05d 61.5d 

2.5 19.9dd 2.84c 70.9c 

5.0 36.69b 4.76b 80.1b 

7.0 37.14b 4.89b 80.2b 
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4. Discussion 
Although shoot multiplication techniques are common in plant tissue culture, research on woody 

plants like avocado prioritizes somatic embryogenesis (Germanà & Lambardi, 2016). This method is 
particularly valuable for long-lived, difficult-to-propagate woody plants (Isah, 2016). Somatic 
embryogenesis offers advantages over other methods: it can potentially generate plantlets from single 
cells, ensuring genetic uniformity, and these embryos hold promise for mass production in bioreactors, 
similar to synthetic seeds, for efficient planting (Giri et al., 2004). While previous research on avocado 
somatic embryogenesis explored using immature embryos or fruit (Pliego-Alfaro., 1981; Marquez-
Martin et al., 2012), this study successfully induced embryogenic callus cultures in the Hass variety 
using mature avocado seeds. This approach, known as indirect embryogenesis, has also been reported 
for other avocado varieties, with some studies exploring both direct and indirect methods (Encina et al., 
2014; Fehér, 2019; Quintero-Jiménez et al., 2020). In essence, somatic embryogenesis holds promise 
for efficient and consistent propagation of avocados, particularly the Hass variety, offering advantages 
in terms o genetic uniformity, potential for mass production, and simplified plant regeneration. 

The results in (Table 1) of callus induction indicated that all explants treated with different 
concentrations of either 2,4-D or NAA induced callus with the maximum efficiency (100%). This 
confirms the well-established knowledge that callogenesis (callus formation) is influenced by multiple 
factors, primarily the balance between the plant's natural hormones and those introduced in the culture 
medium (endogenous vs. exogenous growth regulators). These findings suggest the suitability of both 
2,4-D and NAA for inducing callus from zygotic embryos of Hass avocado, further highlighting the 
high callogenic potential of this particular variety. It's important to remember that plant tissue culture 
success depends heavily on the specific plant species and even genotype. Some plants, like rice, 
regenerate easily in vitro, while others, like faba bean and wheat, are more challenging (Long et al., 
2022). Even within a species, variations can exist, with Japonica rice varieties demonstrating a higher 
capacity for callus formation compared to Indica varieties (Mohamed et al., 2021). However, the optimal 
type and concentration of auxin for efficient callus formation can vary depending on the specific plant 
species or even cultivar. In this study, 2,4-D at a concentration of 5 mg/L resulted in callus cultures with 
the highest fresh and dry weights.  

Several studies support the effectiveness of 2,4-D for callus induction in various plants, including 
avocado. Abo El-Fadl et al. (2022) found that 3 mg/L of 2,4-D was optimal for initiating callus from 
gazania leaf segments. Similarly, Tahereh et al. (2018) reported the highest callus fresh weight in Stevia 
rebaudiana using 2.0 mg/L of 2,4-D on leaf explants. Research by Zheng and Konzak, (1999) suggests 
that the optimal concentration and duration of 2,4-D exposure can vary depending on the plant genotype. 
Our findings align with these studies, as 2,4-D demonstrated superiority over other auxins for callus 
induction in this investigation. This advantage of 2,4-D for callus formation has also been documented 
in other plant species, such as those studied by Deng et al. (2020) and Liu et al. (2018). 

Our study found that all the avocado explants contained measurable amounts of total phenolics and 
flavonoids. These findings are consistent with previous research highlighting avocados as a rich source 
of beneficial bioactive compounds like phenolics, flavonoids, and alkaloids (Rahman et al., 2022; Lyu 
et al., 2023). However, the quantities measured in our study differed from those reported in prior 
investigations. This variation is most likely due to the type of plant tissue used. In our experiment, we 
analyzed avocado callus, whereas (Lyu et al., 2023) focused on avocado peel, and Rahman et al. (2022) 
studied the pulp and seed. 

Plants are loaded with natural chemicals called phytochemicals, known for their diverse health 
benefits. These bioactive compounds play a multifaceted role within the body, acting as both inhibitors 
and cofactors in enzyme reactions, scavenging harmful free radicals, enhancing nutrient metabolism, 
and even influencing a plant's taste and color. Among phytochemicals, phenolic compounds are 
hydrogen donors capable of directly scavenging free radicals and reducing oxidative damage 
(Kesharwani et al., 2012), which makes them potent antioxidants. In this research, the highest 
antioxidant activities were recorded for 2.5 mg/L and 5 mg/L 2,4-D treatments which is in accordance 
with our previous observation that these two treatments showed the highest total phenolic and flavonoid 
contents. This high correlation suggests that phenolic compounds were the main contributors to the 
antioxidant activity measured in avocados. The relationship between phenolic compounds content and 
the radical scavenging capacities in avocados was consistent with (Dudonné et al., 2009) Several studies 
have shown the link between high total phenol content and strong antioxidant activity (Zhang, 2015). 
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Additionally, (Zhang et al., 2011) found a positive correlation between total phenols and flavonoids, 
and their ability to inhibit DPPH free radicals, a common method for measuring antioxidant capacity. 
However, the complex nature of bioactive compounds in plants means a single test, like the DPPH assay, 
isn't enough to fully capture their antioxidant potential. 
 
5. Conclusion 

This study successfully established callus cultures from 'Hass' avocado zygotic embryos, 
demonstrating their potential as a viable source of valuable bioactive compounds. The observed 
differential growth and compound accumulation in response to various media with different PGRs 
concentrations highlight the promise of optimizing callus culture conditions for enhanced production. 
The treatment with 5 mg/L 2,4-D yielded the highest biomass and significantly influenced the 
accumulation of phenolic content, flavonoids, and antioxidant activity. These findings underscore the 
importance of further research to refine culture parameters and maximize the production of these 
bioactive compounds. This research paves a solid foundation for establishing a sustainable and eco-
friendly approach to producing natural antioxidants from 'Hass' avocado, leveraging the advantages of 
callus culture technology. Ultimately, this approach not only contributes to advancements in the 
agricultural and biotechnological fields but also offers a potential pathway for enhancing the nutritional 
value and health benefits of avocado products. 
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