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Abstract  Bitter melon is a traditional therapeutic 

vegetable in tropical and subtropical countries due to its 

carotenoid content, which provides health advantages. 

However, the production is significantly impacted by the 

poor seed germination rate and variability of progenies 

associated with the cultivation of this plant. Clonal 

propagation would increase the yield and usefulness of 

bitter melon. Momordica charantia was micropropagated 

using nodal explants in a modified MS medium containing 

vitamins (Glycine, myo-inositol, nicotinic acid pyridoxine 

HCl). Nodal explants were obtained from in vivo seedlings 

grown for 30 days in a greenhouse and then cultured on MS 

media with a range of BAP or KIN concentrations (0.50 - 

2.5 mg/L), either alone or in combination. Shoots were 

induced within a minimum (6.33±0.58) day when 0.5 mg/L 

BAP was coupled with 0.50 mg/L KIN, resulting in the 

maximum shoot induction frequency (72.17±2.83%), 

4.40±0.17 shoots/explant and 4.13±0.98 cm shoot length. 

Then, shoots were inoculated on 1/2 strength MS media 

either without growth regulator or with a supplement of 

IBA, NAA, and IAA in various concentrations (0.5 - 1.5 

mg/L) to promote root induction. MS medium without 

growth regulator induced maximum rooting rates 

(93.33±2.66%) with 12.33 roots/shoot and 23.33 cm of 

root length. Rooted plantlets were successfully established 

in greenhouses after undergoing a hardening period in a 

regulated environment. The combination of BAP and KIN 

(0.50 mg/L and 0.50 mg/L) was most suitable for bitter 

melon shoot formation, whereas MS medium without 

growth regulator was optimal for rooting. This 

reproducible protocol for the regeneration of bitter melon 

plantlets would allow for rapid mass multiplication, 

conservation, and genetic manipulation for its agronomic 

improvement. 

Keywords  Cucurbitaceae, Direct Organogenesis, 

Momordica charantia, Nodal Explant, Root Induction, 

Shoot Induction 

1. Introduction

In the Cucurbitaceae family, the genus Momordica 

charantia L. also referred to as bitter melon (2n=2x=22), is 

a neglected plant species worldwide originating from 

Africa and Asia [1,2]. Cucurbitaceae plants have an 

important cultural and economic role in many societies [3]. 

Bitter melon is a perennial vine that generally reaches a 

height of 5 meters and produces long and knobby fruits. It 

is both a medicinal and edible plant, making it beneficial to 

human health in both capacities [4]. In addition to being a 

nutritious and traditional medicinal food, bitter melon is 

grown primarily in the tropics and subtropics of the world, 
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including Africa, India, and China [5,6]. It is an 

economically significant and natural healthy vegetable that 

is employed not only as a food but also as a laxative, 

digestive, and anthelmintic remedy, in addition to being 

used to treat diabetes, cancer, and many other diseases 

[7,8]. The pharmaceutical industry is quite interested in 

medicinal plants since plants are a source of secondary 

chemicals used in several pharmaceutical products. Each 

part of this plant has been used by people for a long time 

and has benefits for health or nutrition. The leaf, stem, root, 

and fruit of bitter melon contain β-carotene, a vitamin A 

precursor in the human body [9], and constitute an 

important market vegetable in tropical regions [3]. Vines, 

seeds, and fruit exocarp have health-promoting 

characteristics in traditional medicine [10]. Nowadays, 

bitter melon is in strong demand in ethnic markets, 

particularly in African, Asian, and South American 

countries. Bitter melon can be stir-fried, boiled, steamed, 

pickled, and canned. [11]. Bitter melon concoctions are 

also consumed as herbal teas [12]. However, as the name 

says, bitter melon vegetables are very bitter, and not 

everyone tolerates them [13]. As a result, vinegar or salt is 

typically used to remove bitter chemicals from it before 

eating to decrease its harsh taste [14]. Annual crop quality 

and productivity are heavily reliant on the seeds' ability to 

germinate consistently and quickly. However, when it 

comes to mass multiplication, thick seed coats and a high 

rate of seed breakdown are aspects leading to low field 

germination [15]. Bitter melon has lower germination rate 

because the embryo is encased in a hard, thick seed coat 

that restricts embryo growth and elongation. Seed 

dormancy in wild cucurbit species very often interferes 

with the results of routine germination. Physical dormancy 

is caused by the seed coat's inability to absorb water [16]. It 

has been observed that the most bitter melon seeds 

exhibited 100% dormancy, and none of the seeds imbibed 

water even after 30 days of plating using the between paper 

method [17]. Those constraints affecting cultivation of 

bitter melon affect productivity of metabolites such as 

β-carotenoids. For this genus, one requirement for breeding 

and the targeted introduction of novel genes into plants is 

establishing a quick and effective regeneration mechanism. 

Breeding conventionally is time-consuming and 

ineffective for species like bitter melon [18,19,20]. Indirect 

organogenesis has been used in the past ten years to 

improve this significant horticultural species' in vitro 

regeneration technique [21]. Alternative plant propagation 

techniques, such as plant tissue culture, are frequently 

utilized for the commercial multiplication of numerous 

medicinal species [22]. Consequently, the recommended 

strategy for large multiplication is plant regeneration 

through direct organogenesis [23]. 

The sterile, in vitro cultivation of plant tissues, is known 

as plant tissue culture. Micropropagation methods are 

usually applied to produce thousands of clones from a 

single plant part for commercial purposes [24]. However, 

the explant types, cultivars, the combinations of growth 

regulators, and the physical culture conditions all affect 

how often regeneration occurs [25]. 

Direct shoots have been regenerated from bitter melon 

using a variety of explants, including the auxiliary bud and 

apical bud [26]. Likewise, many works have been achieved 

on the direct induction of multiple shoots from other 

Cucurbitaceae using different explants such as shoot tip 

explants of cucumber [23] and nodal explants of cucurbit 

[27]. It has been reported that no morphological variations 

exist between the parent material and the regenerated 

plantlets from nodal explants [28]. There is, however, no 

study on direct plant regeneration from bitter melon nodal 

segments. In this study, nodal segments from in-vivo 

growing seedlings of bitter melon were considered for 

direct regeneration. 

2. Materials and Methods 

Collection of Seeds and Germination 

Genetic Resources Research Institute (GeRRI) of Kenya 

provided 50 seeds of bitter melon (accession GBK027049). 

This accession expressed the highest β-carotene content 

among the five used in the previous work by Naitchede et 

al. (2022). 

Bitter melon seeds were immersed in hot (45ºC) water 

for 5 minutes, followed by 24 hours in tap water. Then, 

seeds were sown, germinated in vermiculites, transferred 

into plastic pots containing a mix of 3/4 sand + 1/4 manure, 

and developed into seedlings in a greenhouse at Kenyatta 

University's Plant Transformation Laboratory. Explants 

consisted of a single, roughly 2-cm-long axillary node. 

They were cut from the top lateral branches of 30 days old 

bitter melon in vivo grown seedlings. 

Explant Preparation 

Explant sterilization was achieved as described by Bello 

et al. [29] with some modifications. The explants (node) 

were removed and cleaned for five minutes with a 

commercial disinfectant containing pine (Bina+), followed 

by six rinses with tap water. Therefore, explants were 

sterilized in 70% ethanol and 5% NaClO (sodium 

hypochlorite) containing Tween-20 for 2 and 3 minutes, 

respectively. They were then cleaned six times with sterile 

distilled water before being placed onto the culture 

medium. 

Shoot Bud Multiplication and Elongation 

The 2 cm nodes were vertically placed onto Murashige 

and Skoog (MS) media containing vitamins 

(Supplementary data 1) autoclaved at 121°C and 1.06 

cm-2S-1 (moisture pressure) at pH 5.8. Growth hormones – 
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6-benzyl amino purine (BAP) and kinetin (KIN), were 

added to the medium in varying quantities of BAP or KIN 

(0.5, 1.0, 1.5, 2.0, or 2.5 mg/L), and combinations of BAP 

and KIN (0.50 mg/L and 0.5, 1.0, 1.5, 2.0, or 2.5 mg/L). 

Maintenance of shoot culture was made possible by 

periodic subculturing on the same medium at a 4-week 

interval. Cultures were maintained at 25ºC±2 and 

115µmol.m-2s-1 light intensity at a 16-hour photoperiod. 

The same media compositions were considered for shoot 

elongation. At 30-day intervals, the shoot clumps were 

subcultured on fresh shoot proliferation media. Data 

recorded included the number of responding explants, days 

to shoot formation, mean shoot length, and mean shoot 

number/explant after 4 weeks of culture as outlined by 

Mali & Chavan [27]. 

Root Formation 

After being withdrawn from the shoot-multiplication 

media where they had regenerated, well-developed shoots 

(2.0 cm and above) were then rinsed in sterile water to 

eliminate any remaining medium before being subcultured 

in 1/2 MS media. In order to increase the efficiency of root 

induction, auxins at different doses, indole-3-butyric acid 

(IBA, 0.50, 1.0, 1.5 mg/L), 1-Naphthaleneacetic acid 

(NAA, 0.5, 1.0, 1.5 mg/L), and indole-3-acetic acid (IAA, 

0.5, 1.0, 1.5 mg/L), were added to MS media together with 

3% (w/v) sucrose as described by Fraser et al. [30]. The 

photoperiod was set at 16 hours with a temperature of 

25ºC±2 and a light intensity of 15µmol.m-2s-1 in the 

growth chamber. Four weeks following transfer to rooting 

media, root formation rate, mean root number, and mean 

root length per shoot were evaluated. 

Plantlet Acclimatization 

Healthy rooted plantlets were carefully taken out of the 

culture bottles and thoroughly cleaned under running tap 

water to wash out any residues of agar. They were then put 

into plastic pots with peat moss (Kekkilia, Finland). To 

maintain the humidity at 85%, 8 cm clear plastic bags were 

used to cover the pots that were watered every three days. 

In vitro plantlets were kept in a controlled environment for 

three weeks with a 16-hour photoperiod with the same 

humidity before being moved into the greenhouse. After 

two weeks, the plastic bags were gradually opened to allow 

plantlets to get used to the field environment, as outlined 

by Mali & Chavan [27]. Afterward, covers were taken off, 

and the hardened plants were put into plastic pots 

measuring 36 cm by 23 cm that contained a mixture of soil, 

vermiculite, and sand (1:1:2, v/v/v). After a period of 28 

days, the plantlets were transplanted onto the field. After 

three weeks in the greenhouse, the plant survival rate was 

evaluated. 

Experimental Setup and Statistical Analysis 

Experiments were made up using a CRD (Completely 

Randomized Design) [31]. Plant growth hormone-free MS 

medium was used as the control. Twelve explants were 

allocated to each treatment, which was replicated thrice. 

Cultures were monitored every week to take note of 

morphological changes. Data variation was expressed as 

mean ± standard error (S.E). Analysis of variance 

(ANOVA) was conducted with R studio, GraphPad Prism 

8.4.3s, and SAS9.2 to determine the significance of 

variation between treatment means. Tukey multiple 

comparison tests (TMCT) were used to compare the 

treatment means. 

3. Results 

Days to Shoot Induction 

The growth regulator type and concentration affected the 

number of days required for the explant to induce shoots. 

On an individual basis, BAP was the most effective growth 

regulator, with a short time to shoot induction of 6.67± 

0.58 days at 0.50 mg/L BAP concentration (Figure 1), 

while the most extended duration of 9.67±0.57 days was 

noted on MS media containing 2.0 mg/L KIN. Although 

the BAP or KIN concentrations were increased from 0.50 

to 2.0 mg/L, no difference in shoot formation time was 

observed. With the shortest time to shoot formation of 

6.33± 0.58 days at 0.5 mg/L BAP associated with 0.50 

mg/L KIN, the combination of KIN and BAP was recorded 

as the best for shoot induction (Figure 1). Thereafter, time 

to shoot induction was significantly increased with a 

further increase in KIN concentrations. However, shoot 

induction time decreased when KIN concentration was 

raised over 2.0 mg/L. 
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No difference between values with the same letter(s) when evaluated using Tukey multiple comparison method (P ≤ 0.0001) 

Figure 1.  Effect of varying doses of BAP, KIN, and the combination (BAP+KIN) on shoot formation from nodal explants of bitter melon. Letters (a-b) 

indicate significant differences between means. 

Adventitious Shoot Formation, Multiplication, and 

Elongation 

Nodal explants produced shoots within one week 

regardless of the growth hormone types and their dose in 

MS media (Figures 2a & b). The regeneration data is 

presented in Table 1. The efficiency varied depending on 

the growth regulator's type and quantity applied. Taken 

individually, 6-benzyl amino purine was the most effective 

(Figure 3) with a 63.89±2.78% response, producing a shoot 

length of 4.06±0.51 cm, 33.33±0.14 shoot number when 

applied 0.50 mg/L of BAP (Figure 4). Shoot proliferation 

response was somewhat low (36.22±02.72%), and there 

were fewer shoots when KIN rather than BAP was added to 

MS medium. Among all KIN concentrations examined, the 

medium containing 0.5 mg/KIN produced the maximum 

multiple shoots (1.30±0.10) and longer shoots (1.83±0.06 

cm). An increase in KIN dose to 2.0 mg/L resulted in a 

decrease in the response of shoot bud proliferation 

(36.22±2.72% - 15.27±1.38%). However, kinetin dose 

above 2.0 mg/L reduced shoot bud formation, resulting in 

green buds that did not develop into shoots. However, MS 

without PGRs did not induce shoots. 

BAP and KIN were also tested together (Figure 3c). The 

largest response (72.17%±2.83) with the maximum of 

4.40±0.17 shoots per explant (Figure 4) was recorded with 

the couple (0.50 mg/L BAP, 0.5 mg/L KIN). The medium 

containing 0.50 mg/L BAP that paired with either 0.5 mg/L 

or 1.0 mg/L KIN produced the longest shoots. 
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Figure 2.  (a). An induced shoot from nodal segment after one week on MS (b). Shoot elongation after three weeks 

Table 1.  Effect of growth regulator doses on bitter melon nodal explant shoot formation and proliferation 

Sr. 

No 
Growth regulators Concentration (mg/L) Percent of shoot formation ± S.E  Shoots length (cm) ± S.E 

T0 MS basal - 8.33±1.67gh 2.23±0.13cd 

T1 BAP 0.5 63.89±2.78ab 4.06±0.56abc 

T2  1.0 52.78± 2.78abc 2.63±0.26bc 

T3  1.5 33.33±2.16cdefg 2.66±0.33bc 

T4  2.0 18.06±3.67efgh 2.40±0.36bc 

T5  2.5 13.88± 2.77fgh 2.40±0.17bc 

T6 KIN 0.5 36.22± 2.72cdef 1.83±0.06cd 

T7  1.0 27.66± 3.66cdefg 2.70±0.21bc 

T8  1.5 22.22±5.56defg 1.93±0.08cd 

T9  2.0 15.27± 1.38fgh 2.16±0.22cd 

T10  2.5 0.00±0.00h 0.00±0.00d 

T11 BAP + KIN 0.5+0.5 72.17± 2.83a 5.27±0.80a 

T12  0.5 + 1.0 50.55± 4.30abc 4.73±0.66ab 

T13  0.5 + 1.5 45.83± 3.33bcd 3.83±1.04abc 

T14  0.5 + 2.0 41.66± 2.02bcde 2.17±0.08cd 

T15  0.5 + 2.5 33.33± 4.16cdefg 3.36±0.60abc 

Mean  - 33.45±5.074 2.77±0.315 

F Value  - 16.98 7.64 

P-value  - <0.0001 <0.0001 

LSD (0.05)  - 25.82 2.39  

CV,%  - 25.50 28.46 

Values are the mean ± S.E. of 12 replicates per treatment, and all the experiments were conducted thrice. Letters (a-h) indicate significant 
differences between means. No difference between values with the same letter(s) when compared with Tukey multiple comparison method. 
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Figure 3.  Shoot elongation four weeks after explant inoculation on MS. (a) Shoot elongation on MS + (KIN 0.5 mg/L). (b) Shoot elongation on MS + 

(BAP 0.5 mg/L). (c) Shoot elongation on MS +(BAP 0.5 mg/L + KIN 0.5 mg/L) 
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No difference between values with the same letter(s) when compared using Tukey multiple comparison method (P ≤ 0.0001) 

Figure 4.  Effects of different concentrations of BAP, KIN, and their combination on bitter melon nodal explant shoot number/explant. Letters (a-g) 

indicate significant differences between means.  

Effects of Growth Regulators on Rooting of Shoot and 

Plantlet Acclimatization 

Half-strength MS medium with or without growth 

regulators induced root formation (Figure 5). Across the 

three auxins investigated, the percentage of root formation 

varied from 23.33% to 85.00% (Table 2). The highest 

rooting frequency (85.00%) was observed on MS media 

augmented with 0.50 mg/L IAA, producing 12.33 roots per 

shoot and 8.67 cm of root length (Figure 6). Of the IBA 

concentrations examined, root formation was the most 

prominent in MS (1/2) medium added with 0.50 mg/L IBA 

(49.57%); 4.00 cm of root length was measured at the same 

concentration with the greatest roots/shoot of 3.67, 

significantly different. Concerning the NAA concentration 

added, the highest rooting response of 28.96%, 2.67 

roots/shoot, and 1.63 of root length were noted on MS 

media augmented with 0.50 mg/L NAA. When NAA 

concentrations were raised to 1.0 mg/L, rooting efficiency 

was reduced, and once it was beyond that point, no roots 

formed. However, on MS media without any hormones, the 

highest efficiency (93.33%) of root induction was achieved 

with roots/shoot of 12.33 and a root length of 23.33 cm, 

resulting in highly healthy roots. 

The acclimatization approach applied to rooted plantlets 

was successful, and a total survival rate of 83.33% was 

achieved. Acclimatized plants showed no morphological 

defects or changes and appeared normal (Figure 5g). 
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Figure 5.  Complete in vitro plantlets. (a) Rooting initiation. (b) Rooting on MS + IBA 0.50 mg/L. (c, d) Rooting on MS + IAA 0.50 mg/L. (e) Rooting 

on MS + NAA 0.50 mg/L. (f) Rooting on 1/2 MS without hormone. (g) Hardened plant. (h, i) Acclimatized plants 

Table 2.  Effects of IBA, NAA, and IAA concentrations on bitter melon rooting 

Sr. 

No 
Growth regulators Concentration (mg/l) 

Percentage of root 

formation (%) ± S.E 
No. of roots/shoot ± S.E 

R1 ½ MS basal - 100±0.00a 12.33±2.18a 

R2 1BA 0.5 49.67±0.88cde 3.67±0.33b 

R3  1.0 41.44±1.81cde 3.33±0.33b 

R4  1.5 38.05±1.72de 2.33±0.33b 

R5 NAA 0.5 28.96±0.41ef 2.67±0.33b 

R6  1.0 23.33±1.67ef 1.67±0.33b 

R7  1.5 0.00±0.00f 0.00±0.00b 

R8 IAA 0.5 85.00±2.63ab 12.33±0.88a 

R9  1.0 70.00±2.27abc 11.67±0.33a 

R10  1.5 62.5±1.61bcd 9.67±0.88a 

Mean  - 49.89±9.51 5.97±1.55 

F Value  - 23.20 34.55 

P-value  - <0.001 <0.001 

LSD (0.05)  - 31.28 4.18 

CV,%  - 21.68 24.28 

Values are the mean ± S.E. of 12 replicates per treatment, and all the experiments were conducted thrice. Letters (a-f) indicate significant differences 
between means. No difference between values with the same letter(s) when compared with Tukey multiple comparison method. 
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No difference between values with the same lett er(s) when compared with Tukey multiple comparison methods (P ≤ 0.001) 

Figure 6.  Effects of IBA, NAA, and IAA on bitter melon root length. Letters (a-e) indicate significant differences between means. 

4. Discussion 

Any plant regeneration protocol must, at the very least, 

include the selection of an effective explant [32]. Nodal 

segment cultures are preferred for efficient 

micropropagation because they develop into shoots 

without a callus phase, maintaining genetic integrity. 

Direct regeneration is essential to get true-to-type plants 

since the indirect regeneration via callus frequently results 

in somaclonal variation. In this investigation, the nodal 

segment from in vivo produced seedlings was identified as 

an appropriate explant for maximum shoot formation, 

elongation, and multiplication. These results corroborated 

the findings of Mali & Chavan [27] in Cucumis trigonus 

Roxb. Shoots began to regenerate from the nodal explants 

seven days after inoculation. By day 21 on culture, the 

shoots started elongating regardless of the kinds and doses 

of plant hormones in MS media, similar to previous reports 

on Alstroemeria L. [33]. 

Depending on the growth regulators, explants grown on 

media containing plant growth regulators showed 

significant variations in shoot initiation. Among the two 

cytokinins tested individually, BAP showed a significantly 

higher frequency of shoot formation, the most numerous 

shoots produced per explant, and a more significant shoot 

length and was substantially more successful than KIN. It 

has been established that BAP has an essential role in bud 

breaking and promotes the formation of many shoots in 

several medicinal plants, including Andrographis 

paniculate [34], Mitragyna parvifolia, [35], Maytenus 

emarginata [36], and Momordica dioica [37]. However, 

several shoot buds were formed when KIN at various 

concentrations was combined with low concentration of 

BAP. Significant increases in shoot formation frequency, 

shoot length, and shoots number per explant were noted 

compared to employing BAP alone. The effectiveness of 

the couple (BAP, KIN) in producing numerous shoots has 

been reported in Mango [27]. 

Of the various auxins used in MS/2 with vitamins, IAA 

at 0.5mg/L was observed to be the most efficient, 

producing a high percentage of rooting and shoot length 

without callusing from the shoot compared to IBA and 

NAA. Similar concentrations have been recommended for 

many other medicinal plants, such as Phalaenopsis cv. [38], 

Digitalis lamarckii, an endemic medicinal species [39] and 

Salvia sclarea L. [40]. Increasing concentration of auxins 

(up to 1.50 mg/L) decreased root formation frequency. 

These findings are similar to in vitro rooting studies in 

Andrographis paniculate [34]. Interestingly, MS medium 

with no hormone gave the best outcomes for root formation, 

similar to research work on Solanum tuberosum L. [41]. 

Subsequently, the hormone auxin can inhibit root initiation 

and elongation of bitter melon. 

The outcome shows that many plants can be produced 

quickly from even little nodal explants of bitter melon for 

breeding purposes. 
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5. Conclusions

Regeneration of bitter melon through direct 

organogenesis was established in MS containing vitamins 

such as nicotinic acid pyridoxine HCl, myo-Inositol, and 

glycine. The hormonal couple (0.5 mg/L BAP; 0.50 mg/L 

KIN) gave the highest multiplication rate, while MS media 

without a growth regulator is the most suitable for in vitro 

rooting. Acclimatization was achieved in media prepared 

with sand, soil, and vermiculite in the ratio of 2:1:1. The 

micropropagation protocol developed and described here 

will be useful for the large-scale multiplication of selected 

bitter melon accessions, conservation of germplasm, and 

also genetic manipulation to enhance β-carotene content. 

In addition, this protocol will lead to industrial value 

addition and trade of bitter melon and could be useful for 

exploitation of pharmaceutically active biomolecules such 

as β-carotene, which has recently gained interest in 

pharmaceutical industries due to its health-promoting 

properties. 

Abbreviations 

BAP 6-benzyl amino purine 

HCL Hydrogen chloride 

IAA Indole-3-acetic acid 

IBA Indole-3-butyric acid 

KIN Kinetin 

MS Murashige and Skoog medium 

NAA 1-Naphthaleneacetic acid 
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Appendix 

Supplementary data 1.  Murashige & Skoog medium containing 
vitamins 

Elements 
Concentration 

mg.L-1 µM 

Micro Elements 

CoCl2.6H2O 0.025 0.11 

CuSO4.5H2O 0.025 0.10 

FeNaEDTA 36.70 100.00 

H3BO3 6.20 100.27 

KI 0.83 5.00 

MnSO4.H2O 16.90 100.00 

Na2MoO4.2H2O 0.25 1.03 

ZnSO4.7H2O 8.60 29.91 

Macro Elements 

CaCl2 332.02 2.99 

KH2PO4 170.00 1.25 

KNO3 1900.00 18.79 

MgSO4 180.54 1.50 

NH4NO3 1650.00 20.61 

Vitamins 

Gly 2.00 26.64 

C6H12O6 100.00 554.94 

C6H5NO2 0.50 4.06 

C8H12ClNO3 0.50 2.43 

Murashige T. and Skoog F., Physiol. Plant, 15, 473 (1962) 
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