
268 Jurnal Kultivasi Vol. 24(3) December 2025 
 ISSN: 1412-4718, eISSN: 2581-138x 

Rachman AL, Rosniawaty S, Mubarok S, Suherman C, Maxiselly Y. 2025. A review of bioactive compounds of  
Caesalpinia sappan: Pre- and post-harvest effect. Jurnal Kultivasi, 24(3): 268-287. 

Rachman AL ∙ Rosniawaty S ∙ Mubarok S ∙ Suherman C ∙ Maxiselly Y 

 

A review of bioactive compounds of Caesalpinia sappan: 
Pre- and post-harvest effect 
 
Abstract. Sappanwood (Caesalpinia sappan L.) is a shrub or small tree that thrives in tropical regions and 
has been widely distributed across various areas. It has long been used as a natural dye in textiles, 
cosmetics, and herbal beverages due to its content of various bioactive compounds. This literature 
review discusses the secondary metabolites in sappanwood, their health benefits, and strategies to 
enhance product quality through pre-harvest and post-harvest treatments. This literature review was 
conducted by searching for relevant journals on Google Scholar using relevant keywords. Sappanwood 
contains diverse secondary metabolites, including flavonoids, phenolics, anthraquinones, triterpenoids, 
steroids, alkaloids, and tannins, with the heartwood generally having the highest concentration, 
particularly of brazilin. Various production techniques have been studied to optimize morphological 
and physiological traits as well as secondary metabolite content, such as adjusting planting density and 
applying different types of fertilizers. Post-harvest treatments, including drying and blanching, are also 
critical as they influence product quality and bioactive compound retention. 
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Introduction 
 

Sappanwood (Caesalpinia sappan L.) is a shrub or 
small tree that thrives in tropical regions and has 
been widely distributed across various regions, 
including Asia, Africa, America, and Europe 
(Uddin et al., 2015). This species is commonly found 
in Southeast Asia (Thanayutsiri et al., 2023) and is 
native to, as well as still grows wild in, several 
regions of South and Southeast Asia, such as 
southern India, West Bengal, Orissa, Madhya 
Pradesh, the Malay Peninsula, Sri Lanka (Ahmed et 
al., 2024), and the Pacific Islands (Dapson & Bain, 
2015). Sappanwood has been utilized as a medicinal 
plant in various countries, including India, Sri 
Lanka, Myanmar, Vietnam, the Malay Peninsula 
(Ahmed et al., 2024), and Thailand (Srisaikham & 
Rupitak, 2020). Sappanwood serves as a natural red 
dye and has been extensively utilized in textile 
dyeing (Kannathasan & Kokila, 2021), cosmetic 
formulations (Agustin & Pratiwi, 2023), and herbal 
beverages, which are traditionally consumed either 
as a sole ingredient or in combination with other 
medicinal herbs (Septiyani et al., 2024). In 
Indonesia, wedang uwuh is a traditional herbal 
beverage that contains sappanwood as one of its 
ingredients and has been traditionally consumed 
(Setyowati et al.,2023). 

Indonesians are very interested in 
traditional medicine. In Indonesia, herbal 
medicine (jamu) remains an integral part of 
traditional healthcare practices and is widely 
available in traditional markets across the 
country (Mardiyanto et al., 2023). A recent study 
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herbal medicine use reached 68% (431 out of 634 
respondents), with 40% (219 out of 549 
individuals who reported illness) practicing self-
medication using herbal remedies during the past 
six months (Rahayu et al., 2020). Sappanwood is 
widely recognized as a promising plant for 
pharmaceutical development due to its rich 
content of bioactive compounds and diverse 
pharmacological activities. 

Pharmacological activity is derived from a 
plant’s bioactive compounds, which are typically 
classified as secondary metabolites. Secondary 
metabolites are organic molecules derived from 
primary metabolites through physiological 
processes in plants (Twaij & Hasan, 2022). 
Secondary metabolites are produced and 
regulated  through  primary  metabolic  pathways  
 
 

(Caretto et al., 2015), which not only supply the 
energy essential for plant development but also 
generate the carbon skeletons required for their 
biosynthesis (Liu et al., 2017). While primary 
metabolites—such as carbohydrates, lipids, and 
proteins—play a direct role in plant growth and 
development, secondary metabolites primarily 
function in defense mechanisms and facilitating 
interactions with the surrounding environment 
(Jan et al., 2021). 

Secondary metabolites in sappanwood can 
be classified into groups such as flavonoids, 
phenolics, anthraquinones, triterpenoids, 
steroids, alkaloids, and tannins (Vij et al., 2023). 
These secondary metabolites also include 
antioxidant compounds such as homoiso-
flavonoids, notably brazilin and protosappanin, 
which exhibit strong antioxidant, anti-
inflammatory, and anticancer activities (Nirmal 
et al., 2015). The brazilin compound, which gives 
the red color to sappanwood, is known to have 
benefits in pharmacology as an antioxidant, 
antibacterial, anti-inflammatory, 
antihyperglycemic, and analgesic properties 
(Settharaksa et al., 2019). 

Sappanwood naturally occurs in regions 
characterized by clay, limestone, or sandy soils, 
predominantly at low to moderate altitudes 
(ICRAF, 2023). However, the lack of proper and 
sustainable cultivation practices, including 
adequate nutrient management and controlled 
agronomic interventions, may lead to a gradual 
decline in its natural populations within native 
habitats. On the other hand, sappanwood 
possesses considerable potential as a source of 
secondary metabolites, whose biosynthesis and 
accumulation can be enhanced through specific 
cultivation strategies, such as phytohormone 
application and nutrient management. Applying 
mineral nutrients as supplements can potentially 
promote plant growth and regulate the 
accumulation of secondary metabolites (Yang et 
al., 2018). Most previous review articles have 
primarily focused on phytochemical composition 
and pharmacological activities, while discussions 
on cultivation strategies that regulate secondary 
metabolite accumulation remain limited. 
Therefore, this review aims to discuss cultivation 
strategies that can be applied to sappanwood, 
particularly phytohormone application, and 
nutrient supplementation to enhance secondary 
metabolite production. 
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Materials and Methods 
 

In conducting this literature review, relevant 
keywords were first identified in English, which 
served as the primary search method to locate 
related journal articles on Google Scholar. 
Keywords in Indonesian were also used as a 
supplementary search strategy to ensure broader 
coverage of locally published studies. The journal 
search was conducted from May 15, 2024, to 
December 24, 2025.  The keywords used included: 
“Origin of the sappanwood plant”, “benefits of the 
sappanwood”, “sappanwood as a natural dye”, 
“utilization of sappanwood in traditional medicine 
in Indonesia”, “pharmacological activities of 
sappanwood”, “secondary metabolites of 
sappanwood”, “benefits of secondary metabolites 
in sappanwood”, “relationship between secondary 
metabolites and antioxidant activity”, “antioxidant 
activity of sappanwood”, “antioxidant potential of 
sappanwood”, “brazilin and brazilein as the major 
characteristic compounds of sappanwood”, 
“mechanisms of brazilin and brazilein as 
antioxidants in sappanwood”, “mechanisms of 
brazilin and brazilein in the human body as 
therapeutic agents”, “seconday metabolites from 
different parts of sappanwood“, “preharvest of 
sappanwood”, “crop pattern of 
sappanwood”,”phytohormones in plants”, 
“functions of phytohormones”, “utilization of 
phytohormones as plant growth regulators, 
“application of phytohormones in various 
medicinal plants”, “application of phytohormones 

in sappanwood cultivation”, “nutrient application 
as a plant cultivation technique” , “role of mineral 
nutrients in enhancing secondary metabolites and 
antioxidant activity”, “use of fertilizers to increase 
antioxidant activity and secondary metabolite 
production”, “fertilizer application and nutrient 
management in medicinal plants”,  “fertilizer 
application to enhance secondary metabolite 
production in sappanwood”, “post harvest 
technique for sappanwood”, “post harvest 
technique for woody plant”, “effect of drying for 
sappanwood product”, and “effect of blanching for 
sappanwood product”. Most of the articles were 
published within the past decade. This review 
discusses a total of 111 publications, written mostly 
in English. 
 

 

Results and Discussion 
 
Secondary metabolites in Caesalpinia sappan L. 

The secondary metabolites contained in 
sappanwood provide numerous medicinal 
benefits. Multiple studies confirm that 
sappanwood extracts are rich in polyphenols and 
flavonoids, which are responsible for their potent 
antioxidant effects (Artati et al., 2025). Extracts 
with higher total phenolic (TPC) and total 
flavonoid content (TFC) consistently show 
stronger free radical scavenging activity (Masturi 
et al., 2021).  The secondary metabolite content in 
sappanwood is presented in more detail in Table 
1. 

 

Table 1. Secondary metabolites found in sappanwood 

Class Compounds Medicinal uses References 

Flavonoid brazilin, hematoxylin, protosappanin, 
brazilein, 3'-O-metilbrazilin, sappanin, 
chalcone, and sappancalchone 

Antioxidant, anti-
inflammatory, 
anticancer, analgesic 

(Niu et al., 2020; 
Vij et al., 2023) 

Phenolic Chlorogenic acid, caffeic acid, and gallic 
acid 

Antioxidant and anti-
inflammatory 

(Sakti et al., 2019) 

Anthraquinone Brazilin, brazilein, and sappanone-A Antimicrobial, 
anticancer, and anti-
inflammatory 

(Ahmad et al., 
2020b) 

Triterpenoid  Lupeol, β-amyrin, and cycloartenol  Antimicrobial, 
anticancer, and anti-
inflammatory 

(Rajput et al., 
2022) 

Steroid  Stigmasterol and β-sitostero Anticancer and anti-
inflammatory 

(Tu et al., 2022) 

Alkaloid Sappan chalcone and sappanone B Anticancer and anti-
inflammatory 

(Tamburini, 
2019) 

Tannin Gallic acid and ellagic acid Provides astringent taste (Vij et al., 2023) 
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Table 2. Secondary metabolite profile of different plant parts of sappanwood 

Plant Part Identified Secondary 
Metabolites  

Key findings  References 

Branch (Sapwood & 
Heartwood) 

alkaloids, triterpenoids 
(except branch 
sapwood), Tannins, 
saponin, phenolic  

The total phenolic content and 
antioxidant activity in branch 
sapwood were higher than those in 
branch heartwood. 

(Arsiningtyas, 
2021)  

Middle Stem 
(Sapwood & 
Heartwood) 

Alkaloid, tannins, 
saponins, triterpenoid, 
phenolic 

The total phenolic content and 
antioxidant activity in middle stem 
sapwood were higher than those in 
middle stem heartwood. 

(Arsiningtyas, 
2021)  

Main Trunk 
(Sapwood & 
Heartwood) 

alkaloids, triterpenoids, 
tannins, saponins, 
phenolic 

The total phenolic content in main 
trunk sapwood was lower than that in 
main trunk heartwood; however, the 
antioxidant activity of main trunk 
sapwood was higher than that of 
main trunk heartwood. 

(Arsiningtyas, 
2021)  

Bark  Flavonoid, antioxidant 
activity  

Flavonoid total 0.170 ± 0.10 mg 
QE/100 g extract.   

(Nurulita & 
Harahap, 2025)  

Seed Flavonoid, antioxidant 
activity 

Flavonoid total 0.032 ± 0.12 mg 
QE/100 g extract.   

(Nurulita & 
Harahap, 2025) 

Leaves  Flavonoid, antioxidant 
activity 

Flavonoid total 0.147 ± 0.002 mg 
QE/100 g extract.   

(Nurulita & 
Harahap, 2025) 

Sappanwood 
product (samples 
from local markets in 
Bandung, Indonesia)  

Alkaloid, triterpernoid, 
phenolic, flavonoid 

Flavonoids play a major role in the 
extract’s antioxidant activity, 
contributing to an effectiveness of up 
to 80%. 

(Artati et al., 
2025) 

Seed  Caesalsappanin R and 
caesalsappanin S 

Two new cassane-type diterpenoids 
(1(R) and 2(S)) were isolated from 
Caesalpinia sappan, with compound 
1 showing in vitro antiplasmodial 
activity (IC₅₀ = 3.60 µM). 

(Zhu et al., 
2017) 

 
 

 
Brazilin and brazilein represent the key 

secondary metabolites characteristic of 
sappanwood. Brazilin is the major flavonoid 
found in sappanwood and has shown potential 
for medicinal applications (Septiani et al., 2022). 
The secondary metabolites in sappanwood are 
predominantly concentrated in the stem region, 
including the bark, wood, and heartwood (Vij et 
al., 2023), with the pith being identified as the 
primary site of brazilin accumulation 
(Rosniawaty, et al., 2024b). Figure 1 illustrates the 
stem region where secondary metabolites are 
concentrated. 

 
 

Figure 1. Illustration of the Stem of 
Sappanwood (Caesalpinia sappan L.) Showing 
the Presence of Secondary Metabolites in the 

Inner Tissues 
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Previous studies consistently report that the 
heartwood is the richest source of bioactive 
secondary metabolites, particularly phenolic 
compounds such as brazilin and brazilein, which 
are responsible for the characteristic red color and 
strong antioxidant activity of sappanwood. The 
extraction of sappanwood wood involves felling the 
trees, irrespective of whether they grow wild in 
forests or are planted in domestic gardens 
(Arsiningtyas, 2021). Conservation of sappanwood 
can be achieved by harvesting wood selectively 
from branches or the central portions of the tree, 
rather than felling it entirely (Arsiningtyas, 2021). 
This practice promotes regrowth and mitigates the 
risk of extinction. Additionally, the distinction 
between heartwood and sapwood is important, as 
these compartments possess different secondary 
metabolites that may influence their respective 
antioxidant activities (Miranda et al., 2017). Table 2 
shows that different parts of sappanwood contain 
diverse secondary metabolites with varying 
concentrations. Table 2 indicates that heartwood 
tends to produce higher levels of secondary 
metabolites, particularly phenolic compounds that 
contribute to the tree’s natural durability. The 
higher yield in heartwood compared to the middle 
and branch sections is likely due to the increasing 
extractive content with wood age (de Paula et al., 
2019).  

Scientific studies have validated many of 
sappanwood for traditional uses, brazilin and 
brazilein are proven to reduce inflammation, 
enhance blood circulation (Mueller et al., 2016), and 
protect against oxidative stress (Vij et al., 2023), 
supporting their potential for modern therapeutic 
applications. Brazilin, in particular, has 
demonstrated potential in lowering blood glucose, 
improving glucose metabolism, and even inhibiting 
the formation of toxic protein fibrils, which may 
help in treating infections and promoting wound 
healing (Septiani et al., 2022; Xuan et al., 2022). 
Brazilein, meanwhile, is noted for its stability as a 
dye and its medicinal effects, including cytotoxic 
activity against cancer cells and the ability to 
suppress melanin synthesis, making it useful in 
medicine (Ngamwonglumlert et al., 2020).  

Brazilin is a yellow-orange crystalline 
compound found in sappanwood. Brazilin is 
readily oxidized to brazilein, which produces the 
vivid red color characteristic of sappanwood 
extracts, a transformation that is particularly 
enhanced in alcoholic and aqueous solutions 
under air exposure or alkaline conditions (Vij et 
al., 2023). Brazilin and brazilein are two primary 

bioactive compounds isolated from sappanwood, 
both of which exhibit a wide range of 
pharmacological properties with well-studied 
mechanisms of action. Table 3 shows the 
mechanism of brazilin and brazilein as a 
medicinal treat.  

Brazilin demonstrates anticancer properties 
by inducing apoptosis (programmed cell death) 
through the upregulation of proteins such as Bcl-2, 
p21, caspase-3/-7, and PARP, and by inhibiting 
cancer cell growth through ROS-mediated 
activation of NF-κB (Nava-Tapia et al., 2022; He et 
al., 2017). Brazilin exerts anti-inflammatory effects 
by inhibiting NF-κB activation, leading to reduced 
expression of pro-inflammatory cytokines and 
suppression of TACE enzyme activity (Tumor 
Necrosis Factor-α Converting Enzyme) 
(Amarawati et al., 2019), along with mitigating 
tissue oxidative stress (He et al., 2017). Brazilin's 
antioxidant activity is associated with the activation 
of the SIRT3/GPX4 signaling pathway, which plays 
a crucial role in protecting cells from oxidative 
stress and ferroptosis—a type of cell death driven 
by the accumulation of iron-dependent lipid 
peroxides (Yan et al., 2025). Brazilin also 
demonstrates neuroprotective effects by preventing 
amyloid beta (Aβ) aggregation, a key pathological 
feature of both Alzheimer’s (Cui et al., 2024) and 
Parkinson’s diseases (Nava-Tapia et al., 2022). This 
mechanism involves hydrophobic interactions and 
hydrogen bonding with Aβ, facilitating the 
remodeling of amyloid plaques. Brazilin has also 
been reported to exhibit antidepressant and 
anxiolytic effects by mitigating oxidative stress and 
inflammation in the central nervous system 
(Jamaddar et al., 2023). 

Brazilein, the oxidized derivative of brazilin, 
also exhibits strong anticancer activity by 
inducing apoptosis, inhibiting epithelial–
mesenchymal transition (EMT), and 
downregulating PD-L1 expression, a key 
molecule in cancer immune evasion (Wudtiwai et 
al., 2023). Brazilein exerts its biological effects 
through the modulation of several signaling 
pathways, such as AKT, NF-κB, and GSK3β/β-
catenin, and additionally suppresses the activity 
of matrix metalloproteinases (MMPs), enzymes 
that contribute to extracellular matrix 
degradation during the metastatic process 
(Wudtiwai et al., 2023). Its anti-inflammatory 
effects are mediated through mechanisms similar 
to those of brazilin, including TACE inhibition, 
reduction of pro-inflammatory cytokines, and 
immunomodulation (Amarawati et al., 2019).  
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Table 3. Mechanisms of action of brazilin and brazilein as therapeutic agents in humans 

Compound Therapeutic Effects Main Mechanisms References 

Brazilin 

Anticancer (induces apoptosis, 
inhibits proliferation, autophagy 
in various cancers) 

Induces apoptosis (Bcl-2, p21, 
caspases, PARP), inhibits 
proliferation, triggers autophagy 
via ROS-NF-κB, 

(He et al., 2017; 
Jamaddar et al., 2023; 
Nava-Tapia et al., 
2022; Raptania et al., 
2024) 

 Blocks JNK, regulates Nrf2, 
chelates iron.  

 

Anti-inflammatory (inhibits NF-
κB, NLRP3 inflammasome, 
reduces cytokines, protects 
tissues) 

Inhibits NF-κB pathway, 
suppresses pro-inflammatory 
cytokines, inhibits TACE, 
reduces oxidative stress 

(Amarawati et al., 
2019; Jamaddar et al., 
2023; Nava-Tapia et 
al., 2022; Yan et al., 
2025) 

Antioxidant (protects against 
oxidative stress, reduces 
ferroptosis) 

Enhances SIRT3/GPX4 pathway, 
reduces mitochondrial oxidative 
stress and ferroptosis 

(Jamaddar et al., 
2023; Nava-Tapia et 
al., 2022; Yan et al., 
2025) 

Neuroprotective (inhibits 
amyloid β aggregation, potential 
for Alzheimer’s and Parkinson’s 
disease) 

Inhibits Aβ fibrillogenesis, 
remodels amyloid fibrils, binds 
Aβ via hydrophobic and 
hydrogen bonding 

(Cui et al., 2024; 
Nava-Tapia et al., 
2022) 

Antidepressant/Anxiolytic 
(reduces oxidative stress and 
inflammation in neural tissues) 

Inhibits oxidative stress and 
inflammation in neural tissues 

(Jamaddar et al., 
2023) 

Brazilein 

Anticancer (induces apoptosis, 
inhibits EMT and PD-L1, 
reduces metastasis in breast 
cancer) 

Induces apoptosis, suppresses 
EMT and PD-L1 via inhibition of 
AKT, NF-κB, GSK3β/β-catenin, 
inhibits MMPs 

(Wudtiwai et al., 
2023) 

Anti-inflammatory (inhibits 
TNF-α converting enzyme, 
potential for rheumatoid 
arthritis) 

Inhibits TACE, reduces pro-
inflammatory cytokines, 
immunomodulation 

(Amarawati et al., 
2019; Wudtiwai et 
al., 2023) 

 
 

The use of chemical-based medicines is 
generally effective in treating various diseases; 
however, their application may be associated 
with serious side effects in certain cases (Kaushik 
et al., 2021). Consequently, plant-based 
medicines and herbal remedies are increasingly 
regarded as healthier, more natural, and safer 
alternatives due to their origin from natural 
resources (Wyk & Prinsloo, 2020). In addition to 
producing essential primary metabolites, plants 
are capable of synthesizing a wide range of 
secondary or specialized metabolites that play 
crucial roles in plant–environment interactions 
(Pagare et al., 2015). These secondary metabolites 
are typically produced in low quantities (less 
than 1% of dry weight), and their accumulation 
varies depending on the physiological status, 
developmental stage, and environmental 
conditions of the plant (Madani et al., 2021). 

Importantly, secondary metabolites serve as key 
indicators of the therapeutic quality of medicinal 
plants and contribute significantly to their 
pharmacological properties (Pant et al., 2021). 
Moreover, these compounds function as defense 
mechanisms against biotic and abiotic stresses 
while simultaneously possessing substantial 
therapeutic potential for the treatment of various 
human diseases (Hilal et al., 2024). 

The distribution and sustainability of 
medicinal plants are strongly influenced by 
environmental factors such as climate, altitude, 
and seasonal fluctuations (Kaushik et al., 2021), 
highlighting the necessity of appropriate 
agronomic interventions to ensure their 
continued availability. In this context, the 
cultivation of sappanwood as a medicinal plant 
represents a promising strategy to support the 
growth of plant-based pharmaceutical industries. 
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Production techniques involving the application 
of plant growth regulators (phytohormones) and 
optimized fertilization practices have the 
potential to enhance the plant’s capacity to 
synthesize essential secondary metabolites. The 
characteristic bioactive compounds of 
sappanwood, including brazilin and brazilein, 
are responsible for its therapeutic activity and are 
closely associated with environmental and 
agronomic factors that regulate their 
biosynthesis. 

Pre-Harvest Effect on Bioactive 
Compounds. In sappanwood, applying 
phytohormones holds the potential to boost the 
production of secondary metabolites. An 
overview of phytohormone applications is 
provided in Table 4. The combination of auxins 
and cytokinins of the induction callus of 
sappanwood was more effective in inducing 
callus formation than the use of a single 
phytohormone (Bukke & Shankar, 2014). Methyl 
jasmonate and salicylic acid functioned as 
elicitors that influenced the growth of 
sappanwood plants (Rosniawaty et al., 2024b). 
The results indicated that the separate application 
of methyl jasmonate at 50 µM and salicylic acid at 
50 µM was effective in increasing the number of 
leaves during the 12 and 14 weeks after planting 
(WAP) (Rosniawaty et al., 2024b). Treatment with 
50 µM salicylic acid resulted in the highest dry 
weight of sappanwood seedlings compared to 
other treatments. However, these elicitor 
applications did not significantly affect plant 
height or stem diameter. Further investigation by 
Rosniawaty et al. (2025a) on sapanwood leaves 
remains inconclusive. However, salicylic acid 
application has shown particular effectiveness in 
promoting stem diameter growth, whereas 
methyl jasmonate, especially when applied under 
close spacing conditions (1 × 1 m), results in the 
highest accumulation of phenolic and flavonoid 
compounds (Rosniawaty et al., 2025a). 
Additional studies are required to assess the 
levels of secondary metabolites and antioxidant 
capacity of sappanwood at harvest, considering 
its significant potential as a medicinal plant with 
a wide range of pharmacological activities. A 
potential interaction exists between plant growth 
regulators and reactive oxygen species (ROS) in 
sappanwood, given that ROS can act as signaling 
molecules that enhance antioxidant activity. 

Metabolic activities in plants, including 
photosynthesis and respiration, result in the 
formation of various compounds, among them 

reactive oxygen species (ROS), these ROS are 
persistently generated in mitochondria, 
chloroplasts, peroxisomes (Torun et al., 2020), 
plasma membranes, apoplast and the 
endoplasmic reticulum and cell walls (Mansoor 
et al., 2022). Excessive levels of ROS can damage 
cellular components such as DNA, proteins, and 
lipids; however, plants employ both enzymatic 
and non-enzymatic systems to neutralize ROS 
(Dvořák et al., 2021; Janku et al., 2019; Mansoor et 
al., 2022). Beyond their role as toxic byproducts, 
ROS also act as key signaling molecules that 
modulate plant growth, development, and 
adaptive responses to environmental stresses 
(Mhamdi & Van Breusegem, 2018; Wang et al., 

2024b; Waszczak et al., 2018). ROS play a 

signaling role in processes such as cell 
proliferation, differentiation, programmed cell 
death, and environmental adaptation, while also 
interacting with phytohormones and other 
signaling pathways (Mhamdi & Van Breusegem, 
2018; Singh et al., 2016b).  

The role of phytohormones for plants is as a 
regulator of plant growth and development, and 
also plays a role in responding to stress. 
Phytohormones, synthesized in small quantities 
within plant tissues, function as critical regulators 
of diverse biological processes such as 
embryogenesis, reproductive development, 
defense mechanisms, and tolerance to 
environmental stress (Kashchenko et al., 2021). 
Based on their chemical structure, 
phytohormones are classified into several 
groups, such as auxins, cytokinins (CK), ethylene 
(ET), gibberellins (GA), brassinosteroids (BR), 
abscisic acid (ABA), strigolactones, and 
jasmonates (JA)—all of which have the potential 
to enhance plant defense mechanisms  (Wani et 
al., 2016). 

Gibberellin is one of the phytohormones 
naturally present in plants, but it can also be 
applied exogenously through the use of plant 
growth regulators (PGRs). The application of 
gibberellin in the form of GA₃ at a concentration 
of 2 mg/L on Stevia rebaudiana resulted in the 
most effective treatment for enhancing secondary 
metabolite parameters, such as total phenolic 
content (TPC: 9.84 mg GAE/g dry weight), total 
phenolic production (TPP: 147.6 mg/L), total 
flavonoid content (TFC: 5.12 mg QE/g dry 
weight), and total flavonoid production (TFP: 
76.91 mg/L). This treatment also improved 
antioxidant activity, reaching 77.2% (Ahmad et 
al., 2020a). In the medicinal plant Tinospora 
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cordifolia, gibberellic acid (GA) treatment resulted 
in a marked increase in total alkaloid content, 
reaching 9,454 mg/g dry weight (DW) in cell 
extracts, thereby demonstrating GA’s stimulatory 
effect on alkaloid biosynthesis, the total phenolic 
content peaked at 3 mg/L GA, with 20,5 mg/g 
DW in cell extracts, confirming GA’s regulatory 
role in phenolic metabolic pathways (Patel et al, 
2024). The increasing concentrations of GA₃ 
significantly enhance total flavonoid content. GA₃ 
plays a role in facilitating the formation of 
secondary metabolites, particularly in flavonoid 
production (Ahmadi et al., 2020). In ramie 
(Boehmeria nivea L.), exogenous application of 
gibberellin significantly reduces lignin content in 
the leaves but not in the stems, and overall, 
gibberellin treatment effectively decreases lignin 
accumulation while enhancing flavonoid and 
chlorogenic acid contents in the forage (Jie et al., 
2023). In plantation crops such as tea (Camellia 
sinensis), gibberellin is also known to suppress 
dormant buds, thereby improving tea quality, 
including increasing catechin content as an 
antioxidant (Anjarsari, 2023). 

In general, phytohormones function as 
natural signaling compounds in plants to 
regulate growth and development, while the 
application of elicitors as exogenous compounds 
aims to trigger defense reactions in plants. 
Various types of elicitors have been investigated 
for their effects on enhancing the secondary 
metabolite content in plants. Elicitation is a 
production technique used to stimulate the 
production of secondary metabolites in plants. 
When plants are treated with elicitors (inducing 
compounds), signaling molecules from the 
elicitor bind to receptors in the plant under in 
vitro conditions (Kumari et al., 2020). Elicitors 
play several aspects, such as : 1) elicitors are 
considered ecologically safe because they involve 
activating the innate (endemic) immune potential 
of plants through gene expression; 2) elicitors 
provide protective effects against pathogens; 3) 
when elicitors induce resistance in plants, they 
activate multiple defense systems rather than 
relying on a single mechanism; and; 4) elicitors 
can trigger a broad-spectrum resistance response, 
protecting plant against various types of 
pathogens, including fungi, bacteria, and viruses 
(Kumari et al., 2020). This resistance is considered 
non-specific because it is not targeted to a 
particular pathogen but instead enhances the 
overall plant defense mechanisms. 

Based on their source, elicitors are 
categorized as either abiotic or biotic. Abiotic 
elicitors are non-living chemical or physical 
agents such as metal ions including oxalate, 
cadmium, calcium, europium, and lanthanum 
(Kumari et al., 2020; Naik & Al-Khayri, 
2016).Biotic elicitors are compounds derived 
from living organisms, including polysaccharides 
(such as alginate, pectin, chitosan), 
oligosaccharides (such as guluronate, mannan, 
galacturonide), peptides (including glutathione), 
and various molecules derived from bacteria, 
fungi, algae, and yeast (Bhaskar et al., 2022; Jain 
et al., 2024; Naik & Al-Khayri, 2016). By activating 
plant defense responses, elicitors stimulate gene 
expression and metabolic pathways involved in 
the production of secondary metabolites such as 
alkaloids, flavonoids, phenolics, and terpenoids. 
(Bhaskar et al., 2022).  

Phytohormones such as brassinosteroids, 
jasmonic acid, salicylic acid, strigolactones, and 
peptide hormones play vital roles in both plant 
development and stress response regulation 
(Zhao et al., 2021). Various production techniques 
involving abiotic and biotic stress treatments 
have the potential to enhance antioxidant levels 
in sappanwood. In general, when plants are 
exposed to stress, genes associated with 
antioxidant defense are activated, leading to 
enhanced activity of antioxidant systems to 
neutralize ROS, which simultaneously 
accumulate at elevated levels (Sanam et al., 2020). 
These responses collectively enhance the plant’s 
resilience under stress conditions. 

Abiotic stress triggers phytohormone-
mediated signaling pathways in plants, leading 
to the activation of MYB genes, which in turn 
upregulate antioxidant-related genes and help 
mitigate stress-induced damage (Zhao et al., 
2021). Under high-temperature stress, WRKY 
genes act as essential components of the jasmonic 
acid signaling pathway, while ethylene plays a 
pivotal role in mediating the plant's response to 
waterlogging stress. Ethylene biosynthesis 
involves two major enzymes—ACC synthase 
(ACS) and ACC oxidase (ACO)—both of which 
are critically involved in the plant’s adaptive 
response to waterlogging conditions. Ethylene 
signaling is known to modulate physiological 
responses, including changes in phenolic 
compounds in tea leaves (Ahammed & Li, 2022). 
Additionally, antioxidant enzyme activities 
exhibited differential responses following ACC 
treatment: the activities of superoxide dismutase 



276 Jurnal Kultivasi Vol. 24(3) December 2025 
 ISSN: 1412-4718, eISSN: 2581-138x 

Rachman AL, Rosniawaty S, Mubarok S, Suherman C, Maxiselly Y. 2025. A review of bioactive compounds of  
Caesalpinia sappan: Pre- and post-harvest effect. Jurnal Kultivasi, 24(3): 268-287. 

(SOD), peroxidase (POD), and catalase (CAT) 
decreased, while the activity of ascorbate 
peroxidase (APX) increased (Ke et al., 2018). 

As a phytohormone, salicylic acid (SA) 
participates in multiple physiological functions 
and serves as a key signal in stimulating the 
biosynthesis of secondary metabolites (Gorni et 
al., 2020). Salicylic acid has synergistic and 
antagonistic effects with various other plant 
phytohormones in responding to environmental 
stress (Wang et al., 2020a). Jasmonic acid and 
salicylic acid often act synergistically or through 
overlapping pathways in plant defense 
mechanisms. Salicylic acid contributes 
significantly to plant immunity by promoting 
resistance to diverse pathogens such as fungi, 
viruses, and bacteria (Singh et al., 2017a), 
Jasmonic acid (JA), on the other hand, modulates 
signaling pathways involved in the biosynthesis 
of compounds essential for plant responses to 
both biotic and abiotic stresses (Kumari et al., 
2020). 

Nutrients are an important factor in plant 
cultivation to achieve optimal quantity and 
quality of yields. Plants require a balanced 
supply of nutrients, including both macro- and 
micronutrients, to support their growth and 

productivity.  Fertilizers provide key nutrients as 

a vital for plant growth and metabolic function. 
As key macronutrients, nitrogen (N) and 
phosphorus (P) significantly contribute to the 
regulation and enhancement of antioxidant 
defenses in plants. Mineral nutrients, including 
C, N, P, K, S, and various micronutrients, 
function not only as essential resources for plant 
growth but also as signaling molecules and 
metabolic substrates that reshape primary 
metabolic pathways and, consequently, regulate 
the biosynthesis of phenolics, flavonoids, 
terpenes, alkaloids, saponins, and other 
secondary metabolites in plants and 
microorganisms (Bhat et al., 2020). In plants, 
nutrient limitation or imbalance redirects 
metabolic resources from growth toward 
defense- and quality-related secondary 
metabolites, increasing secondary metabolites, 
whereas optimal or high nutrient supply 
generally favors biomass accumulation at the 
expense of some carbon-based defenses, although 
it may enhance nitrogen-containing metabolites 
or specific essential oils depending on the species 
and biosynthetic pathway (El-Nakhel et al., 2019). 
Research shows that the combined application of 
N and P can significantly increase the activities of 

key antioxidant enzymes such CAT, peroxidase 
(PX), SOD, and APX, which help neutralize 
reactive oxygen species and protect plants from 
oxidative stress, especially under stress 
conditions (Jia et al., 2025; Ma et al., 2024; Zhang 
et al., 2024). Balanced N and P fertilization 
enhances plant growth and nutrient uptake while 
simultaneously strengthening antioxidant 
defenses, leading to improved health, 
productivity, and resilience across various plant 
species and environments (Jia et al., 2025; Ma et 
al., 2024). 

The balance of nitrogen plays a crucial role 
in determining the accumulation of secondary 
metabolites in medicinal plants. In basil, 
prolonged low mineral nutrition, with variations 
in nitrogen level and form, enhanced 
phenylalanine ammonia‑lyase (PAL) activity, 
increased total phenolic and flavonoid contents, 
and improved antioxidant capacity, showing 
strong specificity depending on cultivar and 
nitrogen form, while roots under nutrient 
limitation accumulated particularly high levels of 
caffeic and rosmarinic acids (Jakovljević et al., 
2019). In Lonicera japonica, nitrate nutrition 
promotes phenolic metabolite accumulation via 
enhanced photosynthesis, carbon flux, and 
phenylpropanoid enzyme activity, while 
ammonium nutrition shifts metabolism toward 
amino acids and lignin-related compounds (Cao 
et al., 2025). In Panax notoginseng, nitrogen 
deficiency increased the C/N ratio, amino acids, 
and sugars while upregulating genes in the 
mevalonate (MVA) and methylerythritol 
phosphate (MEP) pathways, leading to higher 
total triterpenoid saponins despite decreases in 
some flavonoids, whereas in ginseng, moderate 
nitrogen optimized root yield and total 
ginsenosides and modulated root-associated 
microbes and soil metabolites, including plant 
secondary metabolite pathways (Cun et al., 2024; 
Li et al., 2025).  

The use of organic fertilizers, such as 
compost or biofertilizers, is believed to increase 
antioxidant activity in sappanwood plants. The 
nutrient content in organic fertilizers varies 
depending on their source materials, and easily 
decomposed materials tend to become more 
effective sources of nutrients (Purba et al., 2021). 
Raw rice husk decomposition enriches the soil 
with N, P, and Potassium (K), contributing to 
improved nutrient status and fertility 
(Thiyageshwari et al., 2018). The application of 
rice husk improves soil physical properties, 
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increases organic matter content, and enhances 
nutrient availability, which collectively 
contributes to enhanced root growth, greater 
biomass accumulation, and elevated chlorophyll 
levels in sunflower plants (Bashir et al., 2021; 
Rupngam et al., 2025). Additionally, rice husk 
amendments can help sunflowers cope with 
environmental stresses, such as heavy metal 
contamination, by reducing oxidative stress and 
increasing the uptake of essential nutrients like 
N, P, and K (Bashir et al., 2021). Production of 
Brassica rupestris in nitrogen-rich soil resulted in 
the enhanced accumulation of key bioactive 
constituents, including total antioxidants, 
chlorophyll, carotenoids, and vitamin C (ascorbic 
acid) (Muscolo et al., 2019). 

Vermicompost application under drought 
stress significantly improved the antioxidant 
profile and yield components of Thymus vulgaris 
by increasing chlorophyll content, carotenoids, 
essential oils, nutrient absorption (N, P, K), and 
relative water content (Rahimi et al., 2023). Light 
water stress increased the amount of oil and oil 
yield of thyme, with the highest values of 2.61% 
and 3.68 g/m², respectively (Rahimi et al., 2023). 
Water stress enhances antioxidant activity by 
activating enzymes such as SOD, APX, and CAT, 
which play a role in protecting plants against 
lipid peroxidation (as indicated by 
malondialdehyde, MDA, and content). Organic 
fertilizer application appears to improve 
antioxidant capacity and thyme yield by 
increasing water-use efficiency under drought 
conditions. 

The application of chicken, cow, and goat 
manure had no significant effect on the growth 
performance of sappanwood plants (Rosniawaty, 
et al., 2024c). In general, solid or liquid animal 
manure contains approximately 0.5% N, 0.25% P, 
and 0.5% K, which serve as essential nutrient 
sources for plant growth (Purba et al., 2021). The 
application of cattle manure had no significant 
effect on branch and leaf growth in purslane 
(Portulaca grandiflora). However, the highest 
levels of total phenolics (0.1532 mg GAE/g), 
flavonoids (0.1529 mg GAE/g), and antioxidant 

activity (0.6440 µmol TE/g fresh) were observed 
in plants treated with 10 g of cattle manure per 
polybag (Liwanda et al., 2023).  

Applications of organic fertilizers as 
nutrient supplements in sappanwood production 
are summarized in Table 4. The use of rice husk 
as a growing medium of sappanwood showed 
the greatest stem diameter and the highest total 
flavonoid content, it increased stem diameter by 
45.93% and total flavonoid content by 20.12% 
compared to the control (Srisaikham & Rupitak, 
2020). The use of compost-based growing media 
can influence both the growth and the content of 
bioactive compounds in sappanwood 
(Srisaikham & Rupitak, 2020). The combined 
application of compost and NPK fertilizer (N:P: K 
= 21:17:17) at a 1:1 ratio significantly improved 
the biochemical attributes and antioxidant 
activity of Moringa oleifera, as evidenced by 
increased carbohydrate levels, phenolic content, 
and flavonoid accumulation, compared to the 
sole application of either compost or NPK 
fertilizer alone (Sarwar et al., 2020). 

Although plants produce a wide variety of 
secondary metabolites, not all of these 
compounds necessarily confer health benefits to 
humans. Many secondary metabolites function 
primarily in plant defense, pigmentation, or 
stress responses, and their effects on human 
physiology can vary depending on chemical 
structure, dosage, and bioavailability. Some 
secondary metabolites, such as certain 
flavonoids, phenolics, and saponins, have been 
reported to exhibit antioxidant properties, which 
allow them to scavenge ROS and potentially 
contribute to human health. However, the 
antioxidant activity of plant secondary 
metabolites cannot be assumed for all 
compounds. Further research is therefore needed 
to identify which secondary metabolites exert 
health benefits through ROS modulation, similar 
to the mechanism of conventional antioxidants. 
Such studies are essential to clarify the specific 
compounds and mechanisms responsible for the 
beneficial effects of secondary metabolites in 
humans. 
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Table 4. Pre-harvest conditions of sappanwood  

No Plant Material Treatment Experimental 
conditions 

Effect for Sappanwood References 

1 Sappanwood 
seeds 

Indole-3-acetic 
acid (IAA), α-
naphthalene 
acetic acid 
(NAA), 6-
benzylaminopuri
ne (BAP) 

The use of 
topsoil and cow 
manure as a 
growing 
medium. 

Soaking in NAA (1.25 ppm) 
and BAP (1.25 ppm) 
produced the best results for 
leaf number and stem 
growth of sappanwood 
seedlings. 

Al-Adawiah 
et al. 2023  

2.  Sappanwood 
seeds  

IAA, NAA, BAP  The addition of 
cow manure (2:1) 
to the 
sappanwood 
growing 
medium. 

Auxin and cytokinin 
affected the seedling height, 
stem diameter, number of 
leaves, leaf area, root length, 
root dry weight, and stem 
dry weight of sappanwood 
seedlings. 

Rosniawaty et 
al., 2023d 

3. Callus of 
sappanwood  

Auxins + 
cytokinins  

The cultures 
maintained at a 
temperature of 
28±2 °C. at a16-
hours light/8-
hours dark cycle 

Inducing callus formation 
than the use of a single 
phytohormone 

Bukke & 
Shankar, 2014 

4 Sappanwood 
seedlings  

Cytokinins and 
giberelins  

Foliar spray on 
sappanwood 
seedlings  

The application of BAP at 60 
ppm and gibberellin at 150 
ppm produced the highest 
root length response. 

Rosniawaty et 
al., 2023e 

5. Sappanwood 
seedlings 

Methyl jasmonate 
at 50 µM and 
salicylic acid at 50 
µM 

Foliar spray at 
two-week 
intervals 

The separate application of 
phytohormone was effective 
in increasing the number of 
leaves during the 12 and 14 
weeks after planting (WAP)  

Rosniawaty, 
et al., 2024b 
 

6.  Fresh foliage 
sample from 16-
month-old 
plants 

Salisilyc acid 200 
ppm and methyl 
jasmonate 300 
ppm 

Foliar spray; 
spacing 1×1 m, 
2×2 m, 3×3 m 

Salicylic acid increase stem 
diaeter, and interactions of 1 
x 1 m planting distance with 
methyl jasmonates 
improved phenolic and 
flavonoid total in 
sappanwood 

Rosniawaty et 
al., 2025a 

7. 12 months 
sappanwood 
seedlings  

Application of 
chicken, cow, and 
goat manure 

Planting distance 
levels 1 x 1 m, 2 x 
2 m, 3 x 3 m. 

An interaction between 
planting distance and 
manure application 
influenced stem diameter of 
sappanwood at 3 months 
after planting, manure 
application showed no 
significant effect on the 
measured parameters. 

Rosniawaty, 
et al., 2024c 

8.  Fresh foliage 
samples from 
3.5 years old 
sappanwood 
plants 

Rice husk, 
coconut coir dust 

Different 
growing media  

Rice husk–based growing 
media produced the greatest 
stem diameter and highest 
total flavonoid content in 
sappanwood compared to 
the control Similarly, 
compost-based growing 
media were shown to 
influence both plant growth 
and bioactive compound.  

Srisaikham & 
Rupitak, 2020 
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Post-Harvest Effect on Bioactive 
Compound. Post-harvest handling is critical for 
preserving the quality and bioactive compounds 
of sappanwood, particularly brazilin, the major 
phenolic pigment responsible for its red color and 
antioxidant activity. Improper handling can lead 
to degradation of bioactive compounds, color 
loss, and reduced pharmacological efficacy. High 
drying or storage temperatures accelerate 
oxidation and hydrolysis of vitamin C, phenols, 
flavonoids, glycosides, and pigments, reducing 
antioxidant activity and therapeutic potential 
(ElGamal et al., 2023). Exposure to air and light 
promotes oxidation of polyphenols, carotenoids, 
and anthocyanins, driving color fading and loss 
of radical‑scavenging capacity (Ndhlala et al., 

2025). Insufficient drying or storage in a humid 
environment can promote the growth of mold 
and microorganisms, which may change the 
plant’s chemical composition and reduce product 
safety (Patil et al., 2024). 

In plants with wood as the target organ, 
such as cinnamon, wood sorting can determine 
quality classes based on color, flavor, moisture 
content, ash content, and oil yield (Izhar & Jendri, 
2022). Drying is necessary to prevent mold and to 
ensure the product can be stored safely for a long 
period (Baiqi et al., 2019). Drying can be carried 
out using traditional methods by sun-drying or 
using controlled heat dryers such as ovens (Baiqi 
et al., 2019). Post-harvest handling of 
sappanwood can be seen in Table 5. 

 

Table 5. Post harvest technique of sappanwood 

Post-
harvest  

Purpose  Methods Key findings References 

Drying To evaluate the 
effects of foaming 
agents and drying 
temperature on the 
drying kinetics and 
phytochemical 
properties of 
sappanwood extract 
powder 

The use of 
foaming agents 
(egg albumin and 
gum Arabic) and 
drying 
temperatures (40, 
60, and 80 °C). 

Optimal drying of 
sappanwood extract was 
achieved using 5% egg 
albumin and 25% gum Arabic 
at 64.1 °C for 64.7 minutes, 
resulting in a drying process 
approximately seven times 
faster than without a foaming 
agent, while retaining 87.25% 
of total phenolic compounds. 

Utari et al., 
2023 

Blanching 
& drying  

To identify the 
optimal method to 
preserve brazilin, 
the phytochemical 
responsible for the 
red coloration, in a 
stable and effective 
form 

Steam blanching, 
water blanching, 
sun drying, and 
cabinet drying 
were evaluated, 
and the traditional 
method without 
blanching and 
with sun drying 
was used as the 
control. 

The combination of water 
blanching and cabinet drying 
(BCD) produced the highest 
red color intensity, 
representing a 48% increase 
compared to the control. This 
increase in color intensity was 
consistent with the higher 
brazilin content, which was 
376% greater than that of the 
control. In addition, the BCD 
treatment exhibited the 
highest antioxidant activity 
and total phenolic content, 
with an IC₅₀ value of 98.99 
ppm and a total phenolic 
content of 213.12 mg GAE/g. 
These results indicate that 
brazilin plays an important 
role as an antioxidant 
compound. 

Septiyani 
et al., 2024  
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Table 5 shows that the drying process affects 
the secondary metabolite content of 
sappanwood. Brazilin is highly susceptible to 
oxidation when exposed to air, heat, light, or pH 
changes, converting its hydroxyl groups (-OH) 
into carboxyl groups (-COOH) (Utari et al., 2023). 
The stability of brazilin also can be influenced by 
metal ion interactions (Ngamwonglumlert et al., 
2020) and temperature of processing the product 
(Septiyani et al., 2024). Sappanwood is widely 
used in beverages without pre-treatment, though 
pH, temperature, and light can significantly affect 
drink quality and brazilin stability during storage 
(Putri et al., 2024).  

Foam mat drying is applied to stabilize such 
unstable compounds through the addition of 
foaming agents. The foam, a gas dispersion in a 
liquid or solid, is stabilized by surfactants or 
surface-active agents (Utari et al., 2023; Hardy & 
Jideani, 2017). Egg albumin, as a foaming agent, 
enhances lamellar interfacial viscoelasticity and 
generates small initial bubbles, resulting in a 
more stable foam (Utari et al., 2023). In contrast, 
the role of gum Arabic is to form a highly viscous 
solution due to its large polysaccharide 
structures, which hinders foam formation and 
leads to uneven pore distribution in the dried 
extract (Utari et al., 2023).  

Blanching can inactivate enzymes, which 
may cause undesirable color changes in dried 
products, while also helping to stabilize bioactive 
compounds; however, phenolic losses may still 
occur due to thermal degradation or leaching, 
reducing antioxidant activity (Deylami et al, 
2016). During drying, prolonged heat can 
degrade pigments and diminish color intensity, 
and oxidation reactions can further contribute to 
color changes (ElGamal et al., 2023). In addition, 
drying affects antioxidant activity through the 
loss of water-soluble antioxidants, the retention 
of lipid-soluble compounds, and the Maillard 
reaction, which is a heat-induced reaction 
between amino acids and reducing sugars that 
can lead to browning and alter bioactive 
compounds (Calín-Sánchez et al., 2020). 

Optimized post-harvest strategies—
including blanching, controlled drying, and 
careful extract processing—are essential to 
maintain the quality, stability, and functional 
properties of sappanwood. Proper handling not 
only enhances its pharmacological potential but 
also supports its use as a standardized raw 
material for medicinal, functional food, and 
natural colorant applications. 

Conclusion 
 

Sappanwood contains a wide range of secondary 
metabolites, including flavonoids, phenolics, 
anthraquinones, triterpenoids, steroids, 
alkaloids, and tannins, which are suggested to 
have significant health benefits. These 
metabolites are distributed in various parts of the 
plant, with the heartwood generally containing 
the highest concentration, particularly of brazilin. 
Numerous production techniques have been 
studied to optimize morphological and 
physiological traits as well as the secondary 
metabolite content that governs antioxidant 
activity. Practices such as adjusting planting 
density and applying different types of fertilizers 
have been shown to enhance these parameters. In 
addition to pre-harvest treatments, post-harvest 
processes are also critical, as they determine the 
quality and properties of sappanwood as an 
herbal drink. Post-harvest methods such as 
drying and blanching play a key role in 
preserving brazilin content and ensuring product 
quality. 
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