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Abstract. Roziaty E, Santhyami, Agustina P, Aryani I, Fathin MA, Rahmania SA, Sholihin MYN, Salsabilla DF. 2025. Morphology and
phytochemical potential of Vaccinium varingiifolium in Mount Lawu, Karanganyar District, Central Java, Indonesia. Biodiversitas 26:
3209-3217. Vaccinium varingiifolium, commonly known as Cantigi, is a subalpine shrub endemic to high-altitude ecosystems above
2,000 meters. Mount Lawu, located in Central Java, Indonesia, represents one of its key habitats. Despite its ecological relevance, the
species remains underexplored, particularly in terms of its morphological and phytochemical traits. This study aimed to characterize the
morphological features and phytochemical composition of V. varingiifolium to understand its adaptive strategies and ecological role
better. A combination of qualitative and quantitative exploratory approaches was employed, using purposive sampling. Morphological
assessments, including microscopic examinations, were conducted on stems, leaves, flowers, and fruits. Phytochemical screening using
spectrophotometry targeted secondary metabolites, while ecological observations assessed environmental factors influencing adaptation.
Morphological characterization of V. varingiifolium in Lawu Mountains revealed that young leaves are purplish-red, turning green with
increased tissue density upon maturation. Stems are brown, globular, and lignified. Flowers are purplish-red, bell-shaped (campanulate),
and axillary in position. Fruits are oval (5-6 mm in diameter), transitioning from green to black as they ripen. Phytochemical analyses
revealed the presence of flavonoids and tannins, compounds known for their antioxidant, antibacterial, anti-inflammatory, and wound-
healing properties. The plant thrives at elevations of 2,900-3,100 meters, where higher temperatures facilitate rapid regeneration. These
findings provide important insights into the morphological adaptations and chemical defenses of V. varingiifolium, supporting
conservation initiatives and enriching our understanding of plant survival mechanisms in subalpine environments, particularly in the
context of climate change.
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INTRODUCTION

Mt. Lawu (3,265 masl) is an extinct volcano located
(111°15'E 7°30'S) between the provinces of Central Java
and East Java, Indonesia. Administratively, it is split among
the districts of Karanganyar, Magetan, Ngawi, and Sragen,
Central Java, Indonesia. The topography of the northern
part is conical, with the peak of Argo (Hargo) Dumilah as
high as 3,265 meters above sea level (masl) (Yu et al.
2017). As the third highest mountain on Java Island, the
mountain is home to various ecosystems ranging from the
hill forest of the foothills to the subalpine and alpine (Cavieres
et al. 2016). The subalpine and the alpine ecosystems of
Lawu are of special interest as they form ecological islands
within the already insular ecosystem of Java (Nakhutsrishvili
et al. 2022). Among the endemic lifeforms found within the
subalpine ecosystem of Lawu is Vaccinium varingiifolium
(Blume) Migq, locally known as Cantigi (Argent 2019). V.
varingiifolium is also known as "manis rejo" because of the
sweet and slightly sour taste of its berries, which mountaineers
often consume as a source of energy to supplement limited
supplies (Tong et al. 2021). V. varingiifolium belongs to the
Ericaceae family (Huang et al. 2022). This plant is native to
the subalpine areas of Peninsular Malaysia and Indonesia,

including mountain slopes in Java Island, such as Lawu
Mountain. It often thrives in high-altitude habitats where
circumstances are colder and harsher, demonstrating its
adaptation to subalpine settings (Tong et al. 2020). V.
varingiifolium is a shrub native to the subalpine ecosystem
of several volcanoes on Java (Yulyana et al. 2016) at
altitudes more than 2,500 masl (Yu et al. 2017). The type of
V. varingiifolium found on Mount Lawu is taxonomically
classified as being of the division Magnoliophyta, subdivision
Spermatophyta, class Magnoliopsida, order Ericales, and
family Ericaceae (Blume 1825; Zehnder et al. 2020). This
species is related to other berry-bearing species, such as
bilberries, huckleberries, blueberries, and cranberries that
have been widely researched. Vaccinium is a shrub that is
widespread throughout the world, while V. varingiifolium
is a woody shrub or small tree that can reach several meters
in height. Its growth pattern is characteristic of plants
acclimated to high elevations, with strong and sturdy
structures (Cavieres et al. 2016).

The leaves of V. varingiifolium are green in color, have
an elliptic to lanceolate shape, and a rough surface with a
waxy covering aiding in water retention and enhancing
resistance to cold temperatures. The plant produces petite,
tubular, bell-shaped flowers, a distinguishing feature of the
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Vaccinium genus. The flowers have most likely evolved for
pollination by certain insects in their natural environment.
The fruits are berries, similar to other Vaccinium species,
and may have an ecological function in seed dissemination
through birds and animals. Vaccinium is found in various
types (Huang et al. 2022). It is a flowering plant characterized
by short racemose-shaped flowers, very short flower stems,
or 4-5 mm long, and a wide, bell-shaped crown of leaves
that are yellow-green or red-colored.

Previous studies of metabolites of V. varingiifolium
have been done in various mountainous regions, such as
Mt. Tangkuban Perahu (Yulyana et al. 2023), Mt. Gede
Pangrango, Mt. Papandayan, and even alpine tundra (Zhou
et al. 2022). Also, the V. varingiifolium's biodiversity and
the types of V. varingiifolium growing in the research
habitat have been explored (Cronin et al. 2014). However,
information about the detailed morphological characters of
V. varingiifolium in Lawu Mountain is still limited. Therefore,
it is necessary to study the various morphological differences
between those found on Lawu and compare them to those
found on other mountains. It is noted that phenotypic
variations may correspond to differences in the concentrations
of bioactive compounds, depending on the source area. A
previous study (Jurikova et al. 2019) has also indicated
cytostatic and antioxidant potential in this species (Barcelo
2015). There are limited records regarding Vaccinium in

BIODIVERSITAS 26 (7): 3209-3217, July 2025

the mountains of Indonesia regarding its morphology and
biopharmaceutical potential (Zhang et al. 2019). This study
aimed to explore the morphological characters of V.
varingiifolium typically grown in Mount Lawu and reveal
its bioactive compounds.

MATERIALS AND METHODS

The study area (sampling sites)

After obtaining all necessary permits from the relevant
authorities, a mountaineering expedition was conducted in
June 2023 to collect samples for this study. The expedition
followed the established Cemoro Kandang hiking trail to
Mt. Lawu. Three stations in each plot were defined at
2,700-3,000 masl, 3,000-3,100 masl, and >3,100 masl,
respectively, which are Vaccinium habitats in subalpine.
Plot 1: 7°36°24”S 111°11°25”E, Plot 2: 7°36’54”S
111°11°51”E, and Plot 3: 7°37°14”S 111°11°45”E (Figure 1).

Upon the research team's arrival in the research area,
sampling plots 5 x 5 m (Figure 2) were arranged. Sample
specimens were then acquired according to purposive random
sampling. All further analysis was conducted at the Biological
Education Laboratory of Universitas Muhammadiyah
Surakarta, Central Java, Indonesia.

111°11'24"E

111°1048"E

111°12'0"E

7°37'48"S
7°37'48"S

~7°39'36"S

® sampling points
— Climbing routes

3.\

11°1’48”E T111°11724"E 111°12/07E

Figure 1. Site of plots in the Cemoro Kandang hiking trail to Mt Lawu, Karanganyar, Central Java, Indonesia. Note: See text for

coordinate of Plot 1, 2, and 3
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Figure 2. Sketch of a field research site in Cemoro Kandang
hiking trail to Mt. Lawu, Karanganyar, Central Java, Indonesia

Research procedures
Morphological analyses of Vaccinium varingiifolium and
ecological data

Further analyses comprised both morphological and
chemical evaluations of the samples. Morphological
assessment followed Rifnas and Vidanapthirana (2023) and
consisted of detailed macroscopic examination of leaves,
stems, flowers, and fruits. For each organ, precise
measurements of size (length, width, thickness), shape,
surface texture, and consistency were taken with a digital
caliper and documented photographically. All observations
qualitative descriptions and quantitative data were recorded
in a standardized character matrix. Finally, voucher specimens
were pressed, dried, and deposited in the dry herbarium of
Biological Education Laboratory, Universitas Muhammadiyah
Surakarta. Ecological data, presented in the results, were
derived from field observations and habitat assessments,
revealing key environmental factors influencing its abiotic
factors and distribution. The collected abiotic data were
temperature, altitude, and humidity.

Phytochemical analysis

Qualitative screening of flavonoids and tannins in V.
varingiifolium leaf extracts was carried out using
established colorimetric assays; the Bate-Smith method
first detected flavonoids. Metcalf test: the extract was
treated with dilute HCI1 and subjected to indirect heating at
100°C for 15 min; a reddish-brown coloration indicated a
positive reaction (Jia et al. 2019). A separate aliquot of
extract was mixed with 10% NaOH solution, and the
appearance of a distinct yellow color confirmed the
presence of flavonoids. Finally, an ammonia-sulfuric acid
test (NHs+ H»SO4)was performed by heating 1 mL of
extract, filtering, then adding 0.5 mL of NHs, followed by
titration with H»SOs; development of yellow coloration
was taken as a positive response (Jia et al. 2019).

Three complementary methods qualitatively assessed
tannins. In the ferric chloride test, treatment of the extract
with FeCls yielded a dark-blue precipitate. In the gelatin-
salt test, 1% gelatin solution containing NaCl was added to
the extract, and visible sedimentation indicated tannin-
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protein complex formation. Finally, the Stiasny test was
performed by adding 15 mL of Stiasny reagent (30%
formaldehyde in concentrated HCI, 2:1 v/v) to 10 mL of
extract and heating indirectly; light-red sediment confirmed
a positive reaction for condensed tannins (Jia et al. 2019).

Quantitative determination of flavonoid and tannin
contents was achieved by spectrophotometric analysis. For
flavonoids, 5 g of dried leaf powder was extracted with
96% ethanol in a 100 mL volumetric flask and filtered; 1
mL of the filtrate was mixed with 2 mL of 5% AICls
solution and brought to volume with 7 mL of ethanol. After
homogenization, absorbance was measured at 415 nm
against a reagent blank, and concentrations were calculated
from a quercetin standard curve (Jia et al. 2019; Zhang et
al. 2019).

For tannins, 5 g of the sample was pulverized, suspended
in 100 mL of distilled water, stirred until homogeneous,
and filtered. To 1 mL of filtrate, 0.5 mL of Folin-Ciocalteu
reagent (1:1) and 1 mL of 10% Na2COs solution were added;
the volume was then adjusted to 10 mL with distilled
water. The mixture was stirred and allowed to react, after
which the absorbance was read at 730 nm. Tannin content
was quantified using a standard curve constructed from
gallic acid equivalents (Jia et al. 2019).

Data analysis

Qualitative morphological data were analyzed using
graphs and diagrams created in Excel applications. The
phytochemical content of flavonoids and tannins was
quantified based on the calibration curves derived from
standard solutions using a spectrophotometer. The correlations
between individual-found V. varingiifolium and the height
of the research plot were analyzed using an Excel function.

RESULTS AND DISCUSSION

Vaccinium varingiifolium morphology

Habitus of V. varingiifolium are shrubs that can grow
up to 10 m in height before branching out and forming a
canopy. It is observed to have hard ligneous wood with a
monopodial branch pattern where the main trunk (usually
circular in cross-section) is distinguishably more substantial
than the branches (Huang et al. 2022) (Figures 3.A and
3.B). Branches were observed to grow skywards with
rough (ramosus) bark (Figure 3.C). Roots tend to be long,
growing straight down with many branches (Huang et al.
2022).

Cantigi was observed in all three plots, with individuals
observed beginning near plot 1 at 2,700 masl. The
individuals observed were shrubs with red petioles. The
young leaves were reddish-violet, and older leaves turned
green. The leaves were measured between 2-6 cm in length
and 1-2.5 cm in width. Leaves are generally oval with a
cuneate base forming an inverted triangle, an entire leaf
margin, and an acute tip. The leaves exhibit a pinnate
venation. Leaf surfaces are leathery and waxy in texture
and are generally dark green on the top side of leaves and a
lighter green on the bottom side of leaves. Leaves are
arranged in an alternate spiral along the stem. Leaf stalks
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are glandular with modules containing a podium and a
lamina. Cantigi shrubs produce small, bell-shaped flowers
that are usually white or pale pink (Barcelo 2015). These
flowers are arranged in clusters and have a delicate
fragrance (Hussain et al. 2023). The flowers attract various
pollinators, such as bees and butterflies. The phenotypical
characteristics of leaves as plant organs tend to be constant
within the species: however, flowers are more susceptible
to changes in morphology in response to environmental
triggers (Forney et al. 2012; Wang et al. 2019). It is also
observed that leaf thickness decreases at higher altitudes
(>1,480 masl) (Torres-Guevara et al. 2023).

Vaccinium varingiifolium is a shrub plant that can grow
up to 10 m before finally branching a lot and forming a
well-developed crown. The wood is very hard (lignosus),
with a monopodial trunk where the main trunk is visible
and larger (Argent and Wilkie 2020) (Figures 3.A and 3.B).
V. varingiifolium has a cross-sectional shape of a rounded
stem and a rough bark structure (Figure 3.C). The branches
grow upward, and the stem is brown. The root is a branched
taproot (ramosus), long, cone-shaped, growing straight
down with numerous branches (Hussain et al. 2023). The
identification results show that V. varingiifolium plants are
shrubs that have red petioles, reddish-purple young leaves,
and green older leaves (Figure 4). The leaves of V.
varingiifolium measure 2-6 cm in length and 1-2.5 cm in
width. The leaves have an oblong (ovate) shape, with a flat,
entire leaf margin, pointed (acute) tips, and a cuneate base
that forms a breech triangle (wedge-like) shape. The leaf
venation is pinnate. The upper surface of the leaves is smooth.
The color of the upper part of the leaf is dark green, and the
underside is light green. The leaves are arranged alternately
in a spiral pattern along the stem, with one leaf attached to
each node, arranged around the twigs like a spiral. The
petioles are glandular, with both an epipodium and lamina
(Petrul'ova and Backorova 2024).

The fruit of V. varingiifolium is a small, round berry,
typically measuring around 5-8 mm in diameter. When
unripe, the berries are green, gradually turning reddish and
eventually deep purple to black as they mature. The texture
is smooth, with a slightly waxy surface. The fruit is juicy
and contains multiple tiny seeds, similar to other species in
the Vaccinium genus. Ecologically, the berries play an
essential role in the subalpine ecosystem, serving as a food
source for birds and other wildlife, which aid in seed
dispersal. While not widely known or cultivated, the fruit is
edible. It has a mildly sweet to slightly tart taste, potentially
containing beneficial phytochemicals such as flavonoids
and anthocyanins, similar to other Vaccinium species like
blueberries.

Vaccinium varingiifolium has slightly thick leaves, a
characteristic influenced by altitude, which plays a crucial
role in the plant's adaptation to environmental conditions.
The leaf tissue thickness shows a positive correlation with
increasing altitude between 950-1,480 masl, likely as a
response to greater exposure to sunlight, lower temperatures,
and reduced moisture availability. However, at 1,760 masl,
leaf thickness decreases, possibly due to physiological
limitations, changes in nutrient availability, or adaptation to
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different microclimatic conditions. These variations suggest
that the species adjusts its morphological traits to optimize
survival across different elevations within its natural
habitat (Svanberg and Stéhlberg 2021).

A qualitative and quantitative test of a bioactive
compound of Vaccinium varingiifolium leaves

Qualitative testing for the presence of flavonoid
compounds in the leaves of V. varingiifolium was carried
out using the Bate-Smithe, NaOH, and NH3 + H>SOj4 tests.
The formation of a red color indicates a positive reaction in
the Bate-Smite test, while the formation of an orange color
indicates a positive reaction in the NaOH test. The qualitative
results were then confirmed using quantitative results
(Table 1).

Figure 3. Morphological characters of Vaccinium varingiifolium.
A. Individual V. varingiifolium shrubs that can reach 10 m in
height, B. Fruits, C. Branch, D. Wood of V. varingiifolium

\

— Older leaves

Figure 4. Leave shapes of the Vaccinium varingiifolium
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Table 1. Result of qualitative and quantitative tests of bioactive agent categories

Qualitative test

Quantitative test

Bioactive agent Code

Code

Method Result Color indicator Sedimentation Content (%)
Flavonoid K1 Bate-Smite + Red ©) K1 1.0935
K2 + K2 1.2333
K1 NaOH +  Crimson ) K3 1.3211
K2 + K4 1.4311
K1 NH;+H,SO, +  Reddish brown )
K2 +
Tannin K1 FeCly +  Dark blue ) K1 1.2635
K2 + K2 1.2333
K1 Garam gelatin +  Yellowish brown +) K3 1.5643
K2 + K4 2.2635
K1 Stiasny +  Yellowish brown +)
K2 +
Saponin K1 Saponification test +  Stable foam
Saponification test and HCI test +  Stable foam
K2 Saponification test +  Light foam
Saponification test and HCI test +  Stable foam
Alkaloid K1 Dragendorf test +  No color change )
Mayer test +  Dark brown )
K2 Dragendorf test +  No color change )
Mayer test +  Dark brown (1)

Note: (+): Positive, (-): Negative, K1: Sample taken from 1,800 masl,

3,000-3,100 masl, K4: Sample taken from >3,100 masl

A color change and a precipitate indicate a positive
reaction in the NH3; + H»SOs test. The red color in the
flavonoid test is due to the formation of flavylium salts
(Zhang et al. 2019). All three tests confirmed the presence
of flavonoids (see Table 1). Flavonoids play a role in plants
in regulating growth, photosynthesis, and antimicrobial and
anti-viral action. All groups of flavonoids play a significant
role in human health. For example, isoflavonoids have a
role in breast and prostate cancer therapy (Geng et al. 2016).

Qualitative testing for the presence of tannins was
undertaken using the FeCls;, gelatin, and Stiasny salts
techniques. In the FeCls test, a blackish-blue color was
formed. In the gelatin salt test, a white precipitate was formed,
in line with previous research findings. In the Stiasny test, a
white precipitate is formed, which means it is positive for
containing tannin compounds (Kaskoniené et al. 2020).

The results of qualitative tests using three methods are
uniform, meaning that the leaves of the V. varingiifolium
plant contain tannin compounds. Tannins protect plants
from predation and regulate plant growth (Raudone et al.
2019). They have been used since the 1960s as adhesives in
the wood industry and the production of corrosive chemicals.
Moreover, tannins act as antioxidants and anti-carcinogens
and play an important role as anti-inflammatory, cicatrizing,
and anti-HIV agents (Tong et al. 2021).

Following the establishment of the qualitative presence
of both flavonoids and tannins, similar to those found in
hibiscus leaves and green apple peel, quantitative
measurement of the total flavonoids and tannins were
measured by spectrophotometer, following the preparation
of test solutions for flavonoids and tannins according to
established procedures. For flavonoids, absorbance was
read with a wavelength of 415 nm, yielding results of
0.060, 0.115, 0.170, 0.218, and 0.270. The regression

K2: Sample taken from 2,700-3,000 masl, K3: Sample taken from

equation obtained for flavonoid levels was Y = 3.579x +
0.0046, Y =3.579x + 0.0046, Y = 3.579x + 0.0046, with an
R? value of 0.9988. Based on the regression equation, the
total  flavonoid content was calculated using
spectrophotometry as 1.0935% in sample K1 and 1.233%
in sample K2 (Figure 5).

Following the preparation of the sample solution, the
absorbance was read with a wavelength of 730 nm,
yielding results of 0.108, 0.214, 0.292, 0.367, and 0.461.
The total tannin content was determined using the regression
equation of Y = 7.7851x + 0.035, with an R? value of
0.9976. Based on the regression equation, the total tannin
content calculated using a spectrophotometer was 2.2635%
for sample K1 and 2.8532% for sample K2.

All samples of V. varingiifolium collected during the
expedition contained secondary metabolite compounds,
namely flavonoids and tannins (Elferjane et al. 2024).
These compounds are generally efficacious and are used as
medicinal plants. These compounds are known as secondary
metabolites produced by plants for self-defense. Several
plants with biopharmaceutical potential have one or more
secondary metabolite compounds, including alkaloids,
flavonoids, saponins, tannins, triterpenoids, and steroids
(Zoratti et al. 2015).

Flavonoids are a kind of polyphenolic chemical that
exhibits antioxidant, anti-inflammatory, and antibacterial
activities (Petrulova and Backorova 2024). Flavonoids can
help alleviate oxidative stress in V. varingiifolium by
scavenging reactive oxygen species, which are formed in
response to environmental challenges such as UV radiation,
dehydration, and infections (Hu et al. 2016). Flavonoids
operate as natural sunscreens, absorbing UV radiation and
protecting plant tissues from UV-induced damage (Vilkickyte
and Raudone 2021). These chemicals may help plants
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withstand microbial infections (Arivo et al. 2023) by
suppressing pathogen development (Liu et al. 2014). V.
varingiifolium may help boost the plant's possible health
benefits when ingested. It can help prevent oxidative stress-
induced cell damage and reduce inflammation, both of
which can help manage chronic illnesses. Flavonoids, notably
anthocyanins (a kind of flavonoid), are responsible for
berry coloring (Stefanescu et al. 2020). These colors attract
pollinators and help seed distribution by making fruits
attractive to animals (Casolo et al. 2020).

Abiotic factors

Environmental factors, such as data analysis, indicate
that temperature (°C) and air humidity (%) significantly
affect the distribution and population of V. varingiifolium.
Higher temperatures accelerate its life cycle, while humidity
variations influence leaf structure and regeneration capacity
across different altitudes. The results from measuring
abiotic factors obtained at different altitudes, characteristics
of places, namely at station 1 sampling area with an
altitude of 2,900 masl to station 3 sampling area with an
altitude of 3,100 masl, can be explained (see Table 3).

The measurement of abiotic factors, including temperature
and air humidity, on the number of individual populations
of V. varingiifolium plants at different altitudes yielded the
following results. At station 1, located at 2,900 masl, the air
temperature ranged from 25 to 29°C, with air humidity
from 31 to 33%, and the average number of individuals
was 1. At station 2, at 3,000 masl, the air temperature
ranged from 21 to 25°C, with air humidity from 31 to 43%,
and the average number of individuals was 13. Meanwhile,
at station 3, with an altitude from 3,100 to 3,265 masl (top
of Mt. Lawu, Central Java, Indonesia), the temperature
ranged from 15 to 16°C. Air humidity ranged from 41 to
50%, and the average number of individuals was 17. The
results showed that an increase in altitude of 200 masl
causes a decrease in temperature of 4.5°C. The highest
temperature of 29°C is at station 1 with an altitude of 2,700
masl, and the lowest air temperature is at station 3 with a
temperature of 15°C (Table 2).

The increase in air temperature has a profound impact
on the life cycle of individual plants. High temperatures
accelerate their life cycle, leading to a rapid regeneration
cycle. The degree of temperature significantly influences
the rate of metabolism, photosynthesis, respiration, and
plant transparency. The results of air humidity measurements
showed a general increasing trend with altitude, ranging
from 31-33% at 2,700 m, to 31-43% at 3,000 m, and 41-
50% at 3,100 m. Therefore, as air humidity increases, the
rate of transpiration slows down, while lower humidity
accelerates the rate of transpiration (Stanisci et al. 2020).
The effects of these abiotic parameters follow environmental
circumstances, where the number of individual plants
increases as altitude, air temperature, and humidity rise.
Station 3 had the most individual plant populations, with 51
plants, while Station 1 had the fewest, only 3 individuals
(Figure 6). The Vaccinium on Mt. Lawu can tolerate these
environmental differences, demonstrating that this plant
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has a wide range of tolerance to environmental stresses (Yu
etal. 2017).

The ecological data have unveiled a significant
correlation between the altitude of the research site and the
number of individual shrubs at each station, as evidenced
by the significance value of 0.05. This finding underscores
the importance of altitude in understanding the population
dynamics of V. varingiifolium (Figure 7.A). However, the
correlation test between air temperature and the number of
individual shrubs did not yield a significant relationship,
with the significance value of 0.06 exceeding the threshold
of 0.05. This unexpected result, while not supporting our
initial hypothesis, is of significant interest and prompts
further investigation. As a result, the hypothesis was not
accepted, indicating no correlation between the number of
individual V. varingiifolium and the air temperature (Figure
7.B).

Table 2. Abiotic factors at three research stations in Mt. Lawu,
Central Java, Indonesia

Altitude (masl)
2,700 3,000 3,100

Parameter

Temperatures (°C) 25.1-29 21-25.7 15-16
Air humidity (%) 31-33 31-43  41-50
Several individuals encountered 3 39 51

3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

Chemical content

K1 K2 K3 K4

e Flavonoid (%)

Chemical content

K1 K2 K3 K4
B

e T annin (%)

Figure 5. Visualization of the quantity values of bioactive agents:
A. Flavonoids (%), and B. Tannins (%) in sampled Vaccinium
varingiifolium leaves. K1: Sample from 1,800 masl, K2: Sample
from 2,700-3,000 masl, K3: Sample from 3,000-3,100 masl, and
K4: Sample from >3,100 masl
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Figure 6. Vaccinium varingiifolium individuals were found in the
research plot at 3 different heights, Plot 1 at 2,700 masl; Plot 2 at
an altitude of 3,000 masl, and Plot 3 at an altitude of 3,100 masl

The correlation analysis between humidity and the number
of individual V. varingiifolium plants yielded a significance
value of 0.159 (Figure 7.C). Since this value is greater than
0.05, it indicates that humidity does not have a significant
effect on the population of V. varingiifolium (Roziaty and
Nurrahman Al Farisi 2022). In area 1, at an altitude of
2,700 masl, the air temperature ranged from 16 to 18°C
with air humidity of 41 to 48%. Meanwhile, in area 2, at an
altitude of 3,100 masl, the air temperature reaches 12 to
14°C, with air humidity reaching 54 to 56%. The V.
varingiifolium plants on Mount Lawu demonstrate remarkable
adaptability to the environment, exhibiting a broad tolerance
to varying environmental factors. The differences in total
compound content are depicted in Figure 7.

Figure 5 shows that flavonoid and tannin compounds
vary at different altitudes in an area. Temperature, pH, and
humidity are key abiotic variables influencing the process.
A variety of internal and environmental variables regulate
secondary metabolite molecules in plants, including
flavonoids and tannins. External influencing factors include
light, temperature, humidity, pH, soil nutrient concentration,

and altitude. The findings indicate that flavonoid and tannin
compounds exhibit significant variation across different
altitudes within a given area. Environmental conditions
likely influence this variation, as temperature, soil pH, and
humidity serve as key abiotic factors regulating the
biosynthesis and accumulation of these secondary metabolites.
Higher or lower altitudes may create distinct microclimates
that impact plant metabolism, leading to differences in
phytochemical concentrations. Understanding these patterns
can provide valuable insights into how V. varingiifolium
and other subalpine plants adapt to changing environmental
conditions (Frazier and Brewington 2020).

The content of secondary metabolite compounds, like
flavonoids and tannins, is influenced by environmental
factors, including climate conditions, rainfall, altitude, air
temperature, and soil physicochemical conditions, such as
soil moisture. Meanwhile, variations that can increase the
content of secondary metabolite compounds are influenced
by biotic or abiotic factors (Casolo et al. 2020). As stated by
Djamas et al. (2024) the flavonoid content in Phyllanthus
niruri is affected by drought stress. Plants exhibit a
remarkable ability to produce a diverse range of secondary
metabolites, such as flavonoids and tannins, which play
crucial roles in their survival and adaptation to the
environment. These compounds are not directly involved in
plants' primary growth and development, but they contribute
to various functions, including defense mechanisms, signaling,
and interactions with other organisms.

The content and accumulation of secondary metabolites
in plants are strongly influenced by environmental factors
(Devi et al. 2023; Reshi et al. 2023). Under stress conditions,
such as exposure to high light, UV radiation, nutrient
deficiency, or pathogen attack, plants often increase the
production of these compounds as protective and adaptative
responses. The underlying mechanism is that environmental
stressors can alter the expression of genes involved in the
biosynthetic pathways of secondary metabolites, leading to
their enhanced accumulation (Mahajan et al. 2020). For
example, the formation and accumulation of phenylpropanoids,
anthocyanins, and polyamines have been reported as a
response to various environmental stresses (Cetinkaya et al.
2017). These metabolites can act as antioxidants, UV
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protectants, and signaling molecules, helping plants cope
with adverse conditions. Furthermore, the balance between
primary and secondary metabolism in plants is dynamic
and can shift in response to environmental cues (Zehnder et
al. 2020).

In conclusion, V. varingiifolium provides fascinating
insights into its morphology and pharmacological potential.
The plant's morphology reflects the adaptation to the
typical subalpine settings at altitudes ranging from 2,819 to
3,265 masl. The plant flourishes most effectively between
3,025-3,192 masl, where maximum population density was
observed. V. varingiifolium has adapted to the extreme
environment of the subalpine zone, including distinctive
leaf structures that may aid in water retention and UV
radiation protection. Studies have emphasized the plant's
antioxidant qualities, particularly in its leaves. These
features are connected to bioactive molecules that may help
prevent oxidative stress-related illnesses. A comparative
study reveals commonalities with other species in the
Vaccinium genus that are commercially and medicinally
valuable, such as blueberries and cranberries. While the
plant is native to the Indonesian mountains, its diversity on
Mt. Lawu is limited, with only one dominant species
discovered in this area. It is crucial that local populations,
including environmental scientists, conservationists, and
researchers, are educated about the conservation of this rare
species. These initiatives are vital, as they seek to secure
their long-term utilization while also preventing habitat
deterioration on Mt. Lawu. This combination of ecological
value and biopharmaceutical promise emphasizes the
necessity of protecting V. varingiifolium while researching
its potential for health and economic use. Its ability to
thrive in extreme environmental conditions also makes it an
important species for studying plant adaptations to
subalpine climates, particularly in response to temperature
fluctuations and soil conditions.
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