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Abstract: Gardenia jasminoides suspension culture has gained recognition as a functional approach for bioactive
component development in the pharmaceutical industries but exhibits limited biomass accumulation and secondary
metabolite production. This study presents the first record of maximum biomass production and demonstrates the
cumulative levels of phenols, flavonoids and terpenoids observed through the growth trajectory of G. jasminoides
suspension culture. Successful callus induction was obtained from leaf explants cultured on Murashige and Skoog (MS)
medium augmented with a standardized conjunction of 1 mg/L of 2,4-Dichlorophenoxyacetic acid (2,4-D) and 0.5 mg/L
kinetin (KT). The experimental outcomes revealed that on the 35" day, the in vitro suspension culture exhibited the
highest biomass accumulation which was 5.43 times greater than the initial inoculation level. The study quantified total
phenols, flavonoids, and terpenoids present in leaf explants, callus cultures, and suspension cultures and determined
antioxidant efficacy. Findings suggest that an optimized growth regulator in G. jasminoides suspension culture
significantly increases biomass accumulation. Quantification of secondary metabolites offers a promising path for future
enhancement of their yield through elicitation and holds the potential to achieve extensive yield of cost-effective

bioactive components.

Keywords: Gardenia jasminoides; friable calli; suspension culture; secondary metabolites; antioxidant efficacy

INTRODUCTION

Gardenia jasminoides is a highly sought-after perennial
aromatic shrub that falls under the taxonomic
classification of the Rubiaceae family. This plant species
is characterized by a delightful scent and white flowers.
Initially, native to China and Japan, G. jasminoides plants
have gradually expanded their distribution and are now
found in various regions across the globe (Chen et al.,
2020). G. jasminoides is widely recognized for its
aesthetic appeal and therapeutic properties, owing to the
rich content of secondary metabolites possessing
significant antioxidants and pharmaceuticals, aiding in
combating pathogenic microorganisms (Reddy et al.,
2021). Besides, G. jasminoides crude extract is used as an
anti-angiogenic agent and as a treatment for diabetes,
haemorrhage, cardiovascular diseases, nerve disorders,
dental pain, burns, wounds, muscle injuries, skin
irritation, jaundice, hepatitis, and pancreatitis (Ran et al.,
2021; Hussain et al., 2019; Manickam et al., 2014).

Plant tissue culture is an emerging technique that involves
the cultivation of plant cells under extreme aseptic
conditions, necessitating the application of a nutritive
medium for the growth and enhancement of components
that can encourage the proliferation and differentiation of
plant tissues and cells in a controlled manner. In the realm
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of modern plant science, the utilization of in vitro culture
techniques has revolutionized various aspects, offering
unprecedented opportunities for the production of plants
that are free from diseases, enabling the cultivation of
healthy specimens, increasing the yield of economically
viable plant metabolites and facilitating the rapid
multiplication of extinct plant genotypes. Recent
advancements in plant tissue culture have shed light on
the significance of callus cultures and suspension cultures
as pivotal techniques for the replication and activation of
metabolic pathways in plant cultures (Salim and Habeeb,
2018; Chandran et al., 2020). Compared to organ and
tissue culture techniques, in vitro cell suspension culture
techniques provide an efficient means of achieving
industrial-level secondary metabolite synthesis, rendering
them a preferred choice for producing naturally occurring
bioactive chemicals on a commercial scale (Fazili et al.,
2022). The application of plant suspension cultures has
witnessed a notable surge in importance across diverse
domains, including the formation of naturally developed
nutritional additives and bioactive components. Moreover,
the advantages of in vitro cell suspension culture remain
consistent, irrespective of seasonal variations, ensuring
the production of pathogen-free bioactive compounds
while also stimulating diverse genes, thereby fostering the
emergence of novel secondary metabolites with
distinctive characteristics (Abdulhafiz et al., 2022).
Further, it offers distinctive benefits in terms of the
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enhanced ease of purification of the resulting bioactive
compounds compared to field-grown plants, exhibiting a
higher level of consistency relative to the quality, thereby
facilitating compliance with standards of good
manufacturing practices (Arya et al., 2020; Bapat et al.,
2023). Besides the favorably high productivity and
enhanced product quality obtained through in vitro
suspension culture, a wide range of intricate bioactive
compounds spanning agrochemicals, pharmaceuticals,
fragrances, and flavors can be successfully synthesized.
(Dastmalchi et al., 2019). Equally, the bioactive
compounds present in G. jasminoides are of paramount
importance in both the pharmaceutical and cosmetic
sectors because of their distinctive attributes. This study
elucidates the yield of secondary metabolites released
during the suspension process.

To encourage the implementation of G. jasminoides in
vitro suspension culture in industrial settings, it is
imperative to acquire a communal comprehension of the
existence of bioactive compounds and the temporal
dynamics of biomass growth. Therefore, the application
of batch suspension culture in in vitro analysis fosters an
extensive understanding of cell proliferation patterns
exhibited by G. jasminoides suspension cultures via
cultivating a predetermined quantity of cells within a
standardized volume of culture medium subjected to
varying combinations of growth regulators in a favorable
environment (Corbin et al., 2020; Ahmad et al., 2020). In
the context of suspension culture, it is worth noting that
plant cells typically aggregate, making the measurement
of optical density (OD) unsuitable for assessing their
growth. Consequently, in this particular investigation, we
evaluated the growth of the G. jasminoides suspension
culture employing the settled cell volume (SCV)
technique as a metric that enabled us to estimate and
monitor the growth of the culture in an effective way
(Karimzadeh et al., 2019; Siddiqui et al., 2023). Limited
information regarding callus induction in G. jasminoides
is currently available. Liu et al., 2018 and Krasteva, 2022
have recently published findings on the adoption of G
jasminoides suspension cultures for optimizing growth
media and synthesizing secondary metabolites. To date,
there is a dearth of literature addressing specific inquiries
into biomass accumulation and overall secondary
metabolite content within G. jasminoides suspension
cultures. Although data comprehensively documenting
total phenol, total flavonoid and total terpenoid levels in
in vitro suspension cultures are yet to be compiled, prior
research has reported on total phenol and total flavonoid
content in G. jasminoides callus cultures without delving
into the total terpenoid content. The absence of
quantification of phenol, flavonoid, and terpenoid content
in published suspension culture research necessitates the
present investigation into the assessment of major
secondary metabolites and antioxidant efficacy in G.
jasminoides suspension cultures. Given the potential

utilization of suspension cultures across diverse
commercial and pharmaceutical domains, this study
endeavors to explore (i) the growth Kkinetics of G
jasminoides  suspension  cultures by  discerning
conjunctions of plant growth regulators; (ii) the
quantification of total phenol, flavonoid and terpenoid
content; and (iii) the evaluation of antioxidant efficacy
within leaf explants, calli and suspension cultures.

MATERIALS AND METHODS

Plant collection and maintenance

Plants were collected from Coimbatore, Tamil Nadu,
India and maintained in a light-shaded environment at
VIT Greenhouse (fig. 1a), Vellore, Tamil Nadu, India. The
plants used in this study were authenticated by VIT
Herbaria and given a voucher number, VITODO01-208.

Callus induction

Murashige and Skoog (MS) medium augmented with
plant growth regulators 2,4-Dichlorophenoxyacetic acid
(2,4-D) (varying from 1 mg/L to 4 mg/L), Naphthalene
acetic acid (NAA) (3 mg/L) and kinetin (KT) (0.5 mg/L)
was utilized for callus induction of G. jasminoides. The
media’s pH was modified to 5.8 and 0.7% agar was used
for solidification. The media were sterilized for 20 min at
121 °C. The leaves from 4-week-old plants were
segmented by approximately 1 ¢cm and disinfected with
Tween-20 and 0.1% mercuric chloride for 5 min, followed
by 2-3 washes before treatment with 70% ethanol for a
few seconds (Chakraborty et al., 2013; Din et al., 2022).
Leaf explants were inoculated on MS media and cultured
at 25+2 °C under darkness. Cultures of the best-responded
combination were sub-cultured once every four weeks to
obtain friable calli for in vitro suspension culture
preparation.

Suspension culture and growth kinetics

The optimal response combination devoid of agar with a
pH of 5.8 was utilized for further culture studies. Friable
calli obtained from the sixth subsequent subculture were
employed to initiate the suspension  cultures.
Approximately 1 g of actively multiplying (during the 20™
day) friable calli was suspended with 80 ml liquid MS
media, cultivated in a gyratory shaker (120 rpm) and
cultured at 252 °C under darkness. The cell growth curve
was established by employing the SCV method to
estimate growth Kinetics once in 5 days for 6 weeks
(Farjaminezhad et al., 2013; Siddiqui et al., 2023).

Preparation of sample extraction

2 g of fresh samples (leaf explant, callus, and in vitro
suspension culture) were extracted with 10 ml of 80%
methanolic solvent and kept overnight in a shaker at 120
rpm at ambient temperature. The extract was sonicated for
15-20 min and 5 min centrifugation at 6000 rpm. The
supernatant fluid was retained and maintained at -20°C
(Gabr et al., 2017; El-Ashry et al., 2019).
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Table 1: Impact of various plant growth regulator combinations on callus occurrence time, callus response rate and

morphological characters

Plant growth regulators (mg/L) Callus induction Callus
Treatment 2.4-D NAA KT (days) response % Callus nature and color

1 1 0 0.5 16.6+0.44° 1002 Semi-friable, pale yellow to pale white
2 2 0 0.5 19+0.692 93+3.332 Semi-friable, pale white

3 3 0 0.5 20+0.75? 87+3.33®  Semi-friable, pale yellow to pale white
4 4 0 0.5 20+0.912 67+6.66° Semi-friable, pale yellow to pale white
5 3 0.5 0.5 20+0.748 80+5.77b° Semi-friable, pale yellow

6 3 1 0.5 19+0.812 93+6.66% Semi-friable, pale yellow to pale white

For each treatment, 30 explants were maintained and each experiment was carried out in triplicates. Callus induction in days and
callus response % are shown as the mean value + SE. Values not connected by the identical superscript alphabet are critically distinct
by Duncan’s multiple range test at a 5% probability of occurrence. SE- Standard Error.

Fig. 1: a G. jasminoides plant maintained at VIT Greenhouse under light shade; b callus induction on the margin of the
leaf explant; ¢ aggregated semi-friable calli over the course of time from callus induction

Fig. 2: a & b First and second subcultures of semi-friable calli from 2,4-D (1 mg/L) and KT (0.5 mg/L) with 0.7% agar
on MS media; ¢ & d third and fourth subcultures of semi-friable calli from 2,4-D (1 mg/L) and KT (0.5 mg/L) with
0.65% agar on MS medium; e & f fifth and sixth subcultures of complete friable and translucent callus from 2,4-D (1
mg/L) and KT (0.5 mg/L) with 0.6% agar on MS medium
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Quantification of total content of phenol

The Folin-Ciocalteu (FC) procedure was utilized to
quantify the total content of phenol employing gallic acid
as standard and represented as gallic acid equivalents
(GAE). 1 ml of each sample extract was diluted with 10%
FC reagent (5 ml) before 2% sodium carbonate (4 ml) was
added and incubated at ambient temperature for 1h and at
765 nm, the test absorbance was assessed. As a control,
methanol was utilized (Truong et al., 2019).

Quantification of total content of flavonoid

The aluminium chloride technique was utilized to
estimate the total content of flavonoids using quercetin as
standard and represented as quercetin equivalents (QE).
The test mixture was established with extract (0.5 ml),
deionized water (0.5 ml), and 5% sodium nitrite solution
(0.3 ml) before incubation at 25 °C for 5 min. The mixture
was then immediately treated with 10% aluminium
chloride (0.3 ml) and 1 M sodium hydroxide (2 ml) and at
510 nm, the absorbance value was evaluated (Sankhalkar
and Vernekar, 2016).

Quantification of total content of terpenoid

The protocol devised by Lukowski et al., (2022) was
utilized to estimate the total terpenoid content using
linalool as standard and represented as linalool
equivalents (LE). 200 pl sample extract was added to
chloroform (1.5 ml), vortexed thoroughly and remained
for 3-4 min. Following, 100 pl sulphuric acid was
introduced and incubated for 2 h (<5 min for standard
solution) under darkness at ambient temperature. A
reddish-brown precipitate formed and the supernatant
fluid was decanted and vortexed using 95% methanol (1.5
ml). The absorbance was assessed at 538 nm. As a
control, 95% methanol was used.
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Fig. 3: Growth Kkinetics of G. jasminoides in vitro
suspension culture via 2,4-D (1 mg/L) and KT (0.5 mg/L)
on liquid MS medium.

Evaluation of antioxidant efficacy through DPPH
radical inhibition test

The protocol devised by Hendel et al., (2021) was utilized
to evaluate antioxidant efficacy with minor modifications.
1 ml of each sample extract at distinct levels (25, 50, 75,
and 100 pl/ml) was diluted with 0.1 mM DPPH (2 ml)
and vortexed and left for 30-45 min under darkness at
ambient temperature. At 517 nm, the test absorbance was

assessed. The inhibition percentage was evaluated
utilizing the formula: DPPH radical inhibition (%) = (Ac-
As/Ac) x 100, where Ac denotes control absorbance and
As denotes sample absorbance.

Fig. 4: a Suspension culture of G. jasminoides from 2,4-D
(12 mg/L) and KT (0.5 mg/L) on MS liquid media on the
day of inoculation; b biomass accumulation of G.
jasminoides suspension culture at day 35; c cell
suspension cultures of G. jasminoides on a double deck
gyratory shaker

STATISTICAL ANALYSIS

Triplicates of each experiment were executed and
represented as mean + SE (Standard Error). The outcomes
were examined by One-way Analysis of variance.
Duncan’s multiple range test was employed to analyze
means using IBM SPSS software (version 27), with a 5%
probability of occurrence.

RESULTS

Callus induction

The present study examined how plant growth regulators
affected the callus induction of G. jasminoides at various
concentrations, as well as the ratios between these growth
regulators and callus response percentages (table 1).
Typically, between the 16" and 20" days, a pin head
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Table 2: Total phenol, flavonoid and terpenoid levels of different culture systems of G. jasminoides

Source TPC (mg GAE/Q) TFC (mg QE/g) TTC (mg LE/g)
Leaf explant 34.58+0.29% 182.46+0.88a 265.55+11.46a
Callus 3.12+0.1de 2.47x0.4de 86+3.49b
SCo 4.18+0.36¢cd 2.99+0.15de 58.96+5.64cd
SC5 4.41+0.42bc 4.48+0.38cd 61.3+2.05cd
SC10 3.43+0.08cde 6.98+0.15c 87.96+2.04b
SC15 3.29+0.27cde 6.5+2.33c 61.7£7.47cd
SC20 2.73+0.04e 5.1+0.94cd 66.4+8.22c
SC25 3.09+0.17de 3.34+1.01de 52.63+2.95cd
SC30 3.23+0.42de 4.4+0.63cd 57.73+4.52cd
SC35 5.32+0.8b 16.94+0.4b 47.16+2.55d
SC40 2.83+0.1e 0.97+0.08e 46x1.05d

The experiment was replicated thrice. Duncan's Multiple Range Test (P<0.05) was accomplished utilizing IBM SPSS Statistics (27.0). Treatment
means for a variable have been indicated with an identical letter if they did not critically differ from its consecutive treatment in descending order. SC-

Suspension culture.

Table 3: DPPH free radical inhibiting efficacy of distinct cultures of G. jasminoides at different concentrations

Extract concentration (pl/ml)

Antioxidant activity (Inhibition %)

Leaf explant Callus Suspension culture
25 18.6+2.12d 0.82+0.05j 3.32+0.14gh
50 32.76+2.56¢ 1.92+40.05i 7.88+0.09fg
75 48.57+2.79b 3.11+0.10gh 11.03+0.35ef
100 64.27+4.71a 4.21+0.05gh 15.7640.19de

The experiment was replicated thrice. Duncan's Multiple Range Test (P<0.05) was accomplished utilizing IBM SPSS Statistics (27.0). Treatment
means for a variable have been indicated with an identical letter if they did not critically differ from its consecutive treatment in descending order.

callus initiated to form on the margin of the leaf explants
(fig. 1b) and then periodically spread outward until it
eventually covered the entire explant (fig. 1c). Since the
cultures were incubated under dark conditions, semi-
friable calli that ranged in color from bright white to pale
white were developed and their nature and color were
almost identical in all treatments.

Establishment of friable calli

Treatment 1 (1 mg/L 2,4-D and 0.5 mg/L KT) had a
significant response and the shortest callus occurrence
time and was hence chosen for further in vitro
investigations. The densely packed calli were cultivated in
fresh MS medium augmented with the optimal PGR
combination with 0.7% agar and adjusted to 5.8 pH.
Subsequent subcultures were performed once in four
weeks with a reduction in the agar concentration. For
instance, firstly, the media was administered with 0.7%
agar in subcultures 1 and 2 (fig. 2 a, b), then with 6.5%
agar in subcultures 3 and 4 (fig. 2 c, d), and eventually
with 6% agar in subcultures 5 and 6 (fig. 2 e, f).

Growth kinetics of G. jasminoides cell suspension
culture

Friable and translucent callus clusters developed through
the sixth subculture augmented with 2,4-D (1 mg/L) and
KT (0.5 mg/L) were employed to commence in vitro
suspension cultures. Eventually, the growth kinetics of
suspension cultures of G. jasminoides were ascertained by
examining the cell growth in liquid MS media with
similar PGR concentrations. As an outcome, the SCV (%)

of the suspension cultures was determined once in five
days to measure cell growth. A sigmoidal cell growth
cycle was observed with four distinct phases: lag, log, or
exponential, standard or stationary, and death or decline.
The duration of a complete growth cycle of G.
jasminoides suspension cultures was observed to be 40
days (fig. 3).

Determination of total content of phenol, flavonoid and
terpenoid

Variations in total phenols, flavonoids, and terpenoids
levels were observed in G. jasminoides mother plant, calli,
and suspension cultures at five-day intervals, till the
decline phase (table 2). The mid-log phase of G
jasminoides cell growth exhibited the lowest secondary
metabolite content, coinciding with a period of active cell
growth and generation of critical biomass. The
experimental outcome showed the maximum levels of
phenol and flavonoid compounds on the 35" day,
exhibiting a notable hike of 1.27-fold and 5.67-fold
respectively from the day of inoculation. The terpenoid
content reached its peak level on the 10" day,
representing a substantial rise of 1.49-fold compared to
the initial value measured on the day of inoculation.
Following the 10" day, the total terpenoid content
gradually decreased.

Evaluation of antioxidant efficacy through DPPH
radical inhibition test

The technique employed to inhibit DPPH free radicals
was utilized to assess the chain-breaking capacity during
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the active multiplication stage of protein and oxidation of
lipids. The outcomes indicate that all the methanolic
extract samples exhibited an increase in DPPH
scavenging activity that was dependent on the dosage
administered (table 3). The antioxidant activity of leaf
explant extracts exhibited higher radical scavenging
efficacy, suggesting a substantial degree of antioxidant
potential whereas callus established the lowest radical
inhibition percentage as expected. The in vitro suspension
culture (highest biomass accumulation on the 35™ of the
growth cycle), exhibited a better level of antioxidant
activity when compared to the callus culture.

DISCUSSION

A prior study revealed that to a significant level, the
types, number, concentration, and ratio of plant growth
regulators exhibited a substantial influence on the
induction of callus (Ahmadpoor et al., 2022; Liu et al.,
2018). The calli that occurred in all treated groups had
similar morphological characteristics during each course
of treatment. However, there were indispensable
differences in the callus induction day and callus response
rate between treatments. Among the five other treatments,
the first treatment resulted in the shortest callus induction
time with a 100% response rate. Following the first
treatment, the growth regulator combination of the second
and sixth treatments demonstrated comparable callus
occurrence time with improved callus response
percentages. Moreover, the optimal NAA concentration
from prior studies and the 2,4-D and KT combinations
were examined in treatment 5 and treatment 6 as three
growth regulator combinations. However, these three
combinations also offered a callus initiation time that was
comparable to that of the other two combinations.
Although KT concentration was unchanged in all
treatments and the ideal concentration of NAA was used,
2,4-D served a crucial function in G. jasminoides callus
induction and response rate. For instance, the lowest 2,4-
D concentration in treatment 1 had the shortest callus
induction time with a high response rate, in contrast to the
highest 2,4-D concentration in treatment 4 which had an
extended callus induction time with the lowest response
rate percentage.

The reduction of agar concentration in the media enabled
the development of friable calli for in vitro cell
suspension culture studies. An extensively derived callus
culture with an ideal appearance was achieved in the sixth
subculture, which was adequate for the subsequent
suspension culture experiments. Kong et al., 2023 also
stated that the emergence of the in vitro suspension
culture was facilitated by several subcultures, which is
consistent with our research findings. Farjaminezhad et
al., 2013 studied the rate of growth kinetics of Papaver
bracteatum in vitro suspension cultures using SCV (%)
augmented with ascorbic acid (15 mg/L), NAA (1 mg/L)
and 6-Benzylaminopurine (1 mg/L), which demonstrated
a lag phase lasting for 2 days, followed by a log phase

spanning 14 days. Upon completion of the 14™ day, the
cells transitioned to the stationary phase. The cellular
growth rate of G. jasminoides exhibited a slow pace
pattern during the initial five-day period (lag phase)
indicating that on inoculation a period of five days was
required for the cells to acclimatize to the fresh culture
conditions. As the experimental cultures progressed, a
noticeable upward trend in cell growth was observed
starting from the fifth day. The cells exhibited rapid
growth, resulting in an apparent increase in SCV (%).
Specifically, SCV (%) showed a remarkable 3.57-fold
increase from the fifth day onward, spanning 20 days
(exponential phase: 5™ day to 25" day). The growth rate
was stable from the 25" day, with the highest biomass
accumulation observed on the 35" day. A prior study on
G. jasminoides suspension culture revealed a 3.96-fold
increase in biomass accumulation (Liu et al., 2018).
Notably, in this study, the peak biomass (fig. 3) reached
5.43 folds than the initial volume (fig. 3). Beyond the 35%
day of the growth cycle, a sudden fall in biomass was
observed, indicating the depletion of nutrients within the
culture medium.

Field-grown leaf explants exhibited the highest levels of
phenol, flavonoid and terpenoid content, followed by in
vitro suspension cultures. Callus cultures recorded the
lowest metabolite contents among the tested culture
systems. Plants exhibit a remarkable ability to synthesize
large amounts of critical secondary metabolites or
bioactive components in an apparent reaction to various
forms of biotic (herbivores, insects, nematodes,
microorganisms, weeds) as well as abiotic stressors
(temperature, salinity, UV-radiation, drought, floods,
heavy metals). Callus is a cluster of undifferentiated cells
that mainly participate in cellular division and develop
under favorable growth conditions, resulting in reduced
development of bioactive components (Efferth, 2019; Pan
et al., 2020). Likewise, in vitro cell suspension cultures,
which are developed under controlled conditions with
optimal temperatures, suitable environmental factors and
regular nutrient supplies do not experience the same range
of stresses as their counterparts in natural ecosystems
(Umar et al., 2021). The levels of bioactive components
are known to be altered by cell adaptation to new
environmental conditions (Aziz et al., 2017; Li et al.,
2020). Mathew and Sankar (2014) reported that the
application of an abiotic elicitor (methyl jasmonate)
effectively aids in the synthesis of major secondary
metabolites in Ocimum species. The current study
determined that G. jasminoides cell suspension cultures
contained approximately 1/6™, 1/10" and 1/3™ of the total
phenol, flavonoid and terpenoid compounds respectively
compared to leaf explants, giving scope for analyzing the
impact of elicitors in upscaling the improved yield of
bioactive components, thereby providing an alternative
strategy to mass multiply valuable metabolites as raw
materials for pharmaceutical and cosmetics-based
industries.
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The enhancement in scavenging activity in suspension
culture could be accorded to the existence of bioactive
components due to the minimal stress exerted on the cells
cultured by agitating at 120 rpm. The observed
antioxidant impacts have been hypothesized in the
capability of compounds to donate molecules of hydrogen
(Muthukrishnan et al., 2018; Nurmazela et al., 2022). The
field-grown leaf explant extract exhibited superior
antioxidant activity, which could be due to its abundant
secondary metabolite accumulation. However, it is
noteworthy that in vitro cultures have the potential to
achieve a comparable quantity of bioactive components
through elicitors that function as signals recognized by
cell membrane receptors, thereby stimulating metabolic
pathways and augmenting the development of bioactive
components (Halder et al., 2019; Jeyasri et al., 2023).

CONCLUSION

The current study provides extensive information about
the major secondary metabolites found in the in vitro
suspension culture of G. jasminoides, providing insights
into fluctuations in metabolite levels and antioxidant
properties, and filling a notable void in the existing
literature by elucidating the metabolite composition
previously unexplored. Our study revealed that careful
adjustment of plant growth hormones in a controlled
setting with regular agitation enhances the development
of bioactive components in the in vitro suspension
cultures compared to callus cultures owing to its faster
growth rates and homogeneity, which align with its
growth cycle dynamics. Quantifying the total metabolite
content in G. jasminoides suspension culture is of
paramount significance owing to its holistic perspective,
enabling broader investigations into the influence of
diverse techniques on bioactive compound synthesis that
are pivotal for advancing research in the pharmacological
and beauty aids industries. Given the bounded number of
published in vitro suspension studies on G. jasminoides,
this research serves a vital function in unraveling the
biosynthetic pathways of bioactive components by
employing omics techniques and metabolite enhancement
via elicitation, laying the groundwork for future analyses.
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