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data. Morphological and anatomical parameters and chlorophyll
content were assessed using a quantitative approach, while
phytochemical content was determined qualitatively and
analyzed descriptively. The results showed differences in the
morphology, anatomy, chlorophyll content, and phytochemicals
of Sente leaves under different light intensities. Morphologically,
the leaves of Sente plants in shaded locations had larger surface
areas, thinner, and greener compared to those in unshaded
locations. The stomatal density of leaves in unshaded areas was
higher (76.43 cells/mm?2) compared to shaded areas (56.05
cellsimm?). The chlorophyll content in shaded locations was
higher (82.03 CCI) than in unshaded locations (41.7 CCI).
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1. INTRODUCTION

The taro family or Araceae family is a plant that is often found in Indonesia. The main
characteristic of this family is the inflorescence arranged in the form of a cob (spadix) surrounded by
a sheath (spathe). The diversity of Araceae in Indonesia is quite high, as many as 31 genera of
Araceae or around 25% of the total genera in the world are in Indonesia which is spread across
Sumatra, Java, Kalimantan, and Papua [1]. One species of the Araceae family is the Sente plant
(Alocasia macrorrhizos). This plant is a tropical plant that is widely cultivated by the community.
Sente is used for its leaves and tubers for consumption, used as animal feed and used as an
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ornamental plant [2]. In addition, this plant is used as a medicine for stomach aches, headaches, and
wound treatment because it contains various secondary metabolite compounds such as flavonoids,
alkaloids, saponins, tannins, quinones, and triterpenoids [3].

Sente plants can be found in the Arboretum of Universitas Padjadjaran, Jatinangor Campus
in various environmental conditions. Arboretum Universitas Padjadjaran is part of campus forest
located at 107°46’14.13"-107°46°28.80’E and 6°55’34.41”- 6°55'564.92” S with a total area of 12.5
ha. This campus forest is divided into several zones, namely the fruit plant zone, industrial plant
zone, medicinal zone, rare plant zone and the regional symbol plant zone (identity plant) of West
Java Regency. This place provides a heterogeneous environment, one of which is an environment
with various light intensities. The light intensity in this place ranges from 3300 to 43200 lux [4].

Light is an abiotic factor in an ecosystem. In plants, light can affect plant growth and
productivity [5]. Light is used by plants as an energy source for CO2 fixation during photosynthesis,
activating and regulating various physiological processes related to plant development and growth
[6];[7]. During plant growth, light regulates photomorphogenesis such as affecting seedling growth,
leaf expansion, and plant development which ultimately forms plant architecture [8]. The need for
light in plants is influenced by the quality, duration of lighting, and light intensity [6]. Light intensity
plays an important role in plant growth because each plant requires optimal light intensity depending
on its type [9]. When the intensity is too low, it will inhibit plant growth due to the photosynthesis
process not running optimally. Likewise, when the light intensity is too high, it can reduce
phytochemical efficiency due to photooxidative damage which can affect plant growth and
development [10].

The form of plant response to light intensity can be seen based on observations of plant
architecture [11]; [12]. Leaves are organs that are sensitive to light intensity because they are the
organs responsible for the transfer of energy between plants and the environment [13]. Several
studies have shown that differences in light intensity result in differences in morphological
characteristics, anatomy, and phytochemical content in leaves. Research by Rezai et al. (2018) on
the effect of light intensity on sage plants (Salvia officinalis L.) resulted in differences in leaf
morphological characteristics, photosynthetic capacity, and chlorophyll content with 30% irradiation
being the optimal irradiation for sage cultivation. Research by Setiawati et al. (2018) showed that
light intensity in shaded locations (low light intensity) and shaded locations (high light intensity)
resulted in differences in leaf thickness, leaf area, stomatal density, and alkaloid phytochemical
content in kiasahan plants (Tetracera scandens L.).

Therefore, a study was conducted on the morpho-anatomical characteristics and
phytochemical content of sente leaves (Alocasia Macrorrhizos (L.) G.Don) in places with different
light intensities in Arboretum Universitas which aims to see the comparison of morphology, anatomy,
chlorophyll content and phytochemical content in Sente leaves (Alocasia macrorrhizos) in two places
with different light intensities.

2. METHOD

The research was conducted in the Arboretum of Universitas Padjadjaran and the Structure
and Function Laboratory of the Department of Biology, Universitas Padjadjaran, Jatinangor District,
Sumedang Regency, West Java (Figure 1.) The research was conducted from November 2023 to
December 2023. The research conducted was exploratory using quantitative and qualitative methods
that were analyzed descriptively. The parameters observed included morphology, anatomy,
chlorophyll content, and phytochemical content in leaves.

2.1 Tools and Materials

The tools used in this study include stationery, Chlorophyll meter Opti Science CCM-200,
object glass, cover glass, camera, compound microscope, screw micrometer, analytical balance,
knife/cutter, dropper, tape, soil tester, lux meter, multichecker parameter, label paper, stirring rod,
plastic bag, parchment paper, mortar, drip plate, test tube rack, spatula, and test tube. The materials
used in this study were Sente plant leaves (Alocasia macrorrhiza), aquades, clear nail polish,
millimeter block paper, comparison paper, alcohol, dilute sulfuric acid, concentrated acetic acid,
chloroform, iron (Ill) reagent, chloride, Dragendroff reagent.

2.2 Research Location Survey

The survey was conducted to determine the location of Sente leaf (Alocasia macrorrhizos).
The Arboretum of Universitas Padjadjaran was chosen as the research location because there are
Sente plants (A. macrorrhizos) at different light intensities. Location 1 is the location where Sente
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plants (A. macrorrhizos) were found in shaded conditions and location 2 is the location where Sente
plants (A. macrorrhizos) were found in unshaded conditions.

2.3 Leaf Sampling and Environmental Parameter Measurement

Leaf samples were taken from mature leaves that had fully opened as many as 1 leaf from
the middle position (second or third uppermost part) as many as 3 individuals in different place
treatments. [16]. The leaves taken were then put into different plastic bags and labeled. Furthermore,
environmental parameters were measured using GPS essential, multichecker, lux meter, and soil
tester.

2.4 Observation of Leaf Morphology

Observation of leaf morphology includes morphological observation, leaf thickness
measurement using a screw micrometer, and leaf area measurement using the gravimetric method
using millimeter block paper. The gravimetric method is carried out by making a leaf pattern on
millimeter block paper, cutting the leaf pattern on the paper then comparing it with the following
equation:
Leaf Area (cm

— Weight of leaf repli
2) = Welghtoflealreplica paper (grams) , Areq of standard paper
Weight of standard paper (grams

(17]

2.5 Observation of Leaf Stomata

Observation of stomata was made from leaf preparations that had been cleaned and then
coated with clear nail polish. Observations included stomata types and stomata density with the
replica method, using the following equation:
Stomatal density = (Number of stomata/field of view)
Wide field of view at 400x magnification
= Y4 1/41d?
=Y1x 3,14 x (0,5)?
=0,19625 mm?

[17]

2.6 Measurement of Chlorophyll Content
Chlorophyll content were measured using a Chlorophyll meter by clipping the tip, middle,
right side, left side, and base of the leaf with three repetitions, then averaged [18].

2.7 Phytochemical Content Testing
Phytochemical testing on sente leaves includes testing for the presence of alkaloids,
flavonoids, saponins, tannins, and quinones. The procedure is as follows:

2.7.1 Alkaloid

The phytochemical testing for alkaloids was conducted using 4 grams of finely ground leaf
extract. Chloroform was added until the extract dissolved, followed by 10 mL of ammonia. The
solution was filtered, and the filtrate was transferred into an Erlenmeyer flask. Ten drops of H,SO,
were added, and the mixture was shaken to form two layers. The upper layer was then transferred
to a test tube. The solution was tested using Dragendorff's reagent. A positive result for alkaloids
was indicated by the formation of a precipitate, with Dragendorff's reagent producing an orange-
colored precipitate [19].

2.7.2 Flavonoid

Ethanol was added to 1 gram of ground leaf extract, and then the mixture was heated until
forming two layers. Separate the upper layer and add magnesium powder with 1 mL of 2N HCI. A
positive result is indicated by the appearance of a red color in the solution [19].

2.7.3 Saponin

Distilled water was added to 2 gram ground leaf extract until fully submerged, followed by
heating for 2-3 minutes and then cooling. Once cooled, the mixture was shaken vigorously. A positive
result of saponin was indicated by the formation of stable foam [19].
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2.7.4 Tannin

20 mg of ground leaf extract was added with distilled water until fully submerged. 2 mL of
this solution was transferred to a new test tube, then 2-3 drops of 1% FeCls were added. A positive
result for tannin was indicated by the formation of of a blue-black or green coloration in the solution
upon the addition of 1% FeCl; [20].

2.7.5 Quinone

5 mL of leaf extract dissolved in distilled water. Then, a few drops of NaOh solution were
added to the sample. A positive result for quinones was indicated by the formation of a yellowish-red
or orange color [20].

3. RESULTS AND DISCUSSION
3.1 Research Location

The research was conducted in Arboretum Universitas Padjadjaran. The research locations
were at coordinates 6°55'43"S 107°46'23"E for the shaded area and 6°55'45"S 107°46'23"E for the
unshaded area, as determined using GPS Essentials.

3.2 Environmental Parameters
The results of measuring the environmental parameters at the shaded and unshaded leaf
sampling locations can be seen in Table 1.

Table 1. Environmental Parameters

. . . . . Nutrient
Light Air Air Soil Soi Air
. - - - oil Content
Location Intensitiy Humidity Temperatur Moisture H Pressure (mg)
(Lux) (%) (°C) ) P (hPa) e
Shaded 2600 38 29,6 80 4 910,5 6 6 16
Unshaded 60400 23 36,2 50 55 922,7 6 3 1

3.3 Morphological Characteristics of Sente Leaves (Alocasia macrorrhizos (L.) G.Don) Under
Different Light Intensities

The morphological characteristics of sente leaves according to Tjitrosoepomo (2020) are
shown in Table 2. There are no significant morphological differences in sente leaves between shaded
and unshaded locations. This is because light does not affect the morphology of a single leaf but
rather influences the morphology of the plant as a whole [21]. Changes in leaf morphology are more
influenced by genetic factors, resulting in similar morphological characteristics across the two
locations [17].

Table 2. Morphological Character of Sente Leaves (Alocasia macrorrhizos (L.) G.Don)

Character Description
Color Green
Shape Sagittate
Tip Blunt

Base Concave
Edges Wavy
Venation Pinnate

Based on Figure 1, the sente leaves have similar characteristics, but there are differences in
leaf color. Leaves from the shaded location (low light intensity) have a darker green color compared
to leaves from the unshaded location (high light intensity). According to Yue et al. (2021), when light
is reduced by shading, the leaves become greener due to a higher accumulation of chlorophyll b
compared to chlorophyll a, while shading inhibits the synthesis of carotenoids.

Morphoanatomy and Phytochemical Content of Sente ... (Nadhira Zaachrany Rachma)



19 ISSN 2355-6102; e-ISSN 2502-0404

Figure 1. Morphology of Sente Leaves (Alocasia macrorrhizos (L.) G.Don)

Based on the research results, there are differences in leaf thickness and area between the
two research locations (Table 3). Plants growing under direct sunlight have thicker leaves due to the
provision of more chloroplast space per unit leaf area. The increase in leaf thickness is primarily
attributed to the formation of longer palisade cells in the mesophyll and the development of multiple
palisade layers in leaves exposed to direct sunlight. Plants naturally growing in high-light
environments possess palisade parenchyma on both sides of the leaf, allowing them to absorb more
sunlight, which results in thicker leave [23].

Table 3. Comparison of Leaf Thickness and Leaf Area of Sente

No. Location Leaf Thickness Leaf Area
(mm) (cm?)

1. Shaded 0, 39 248, 89

2. Unshaded 0,44 246,67

Based on Table 3, there are differences in the leaf area of sente between the shaded and
unshaded locations. The average leaf area in the shaded location is 248.89 cm?, which is larger than
the leaf area in the unshaded location, 246.67 cmz2. This occurs because leaves growing under direct
sunlight have adaptations to minimize limitations in carbon fixation, whereas leaves in shaded areas
have adaptations to address light scarcity. Plants in shaded environments tend to have larger leaves
to create a greater surface area for absorbing light energy for photosynthesis. In contrast, plants
exposed to direct sunlight have smaller leaves to reduce the surface area, thereby minimizing water
loss through transpiration [24].

3.4 Anatomical Characteristics of Sente Leaves (Alocasia macrorrhizos (L.) G. Don) Under
Different Light Intensities

Based on the research findings, the anatomical observation of Sente leaves includes the
observation of stomata type, stomatal count, and stomatal density as shown in Table 4. The results
indicate that the type of stomata in Sente leaves is paratetracytic (Figure 2). This observation aligns
with the research conducted by Vaidya (2016). The paratetracytic stomata type refers to stomata
that have an additional elongated cell parallel to the two guard cells, along with a narrow cell present
at each pole [16].

Table 4. Comparison of Stomatal Characteristics in Sente (Alocasia macrorrhizos (L.) G.Don

No. Stomatal Stomatal Type Stomatal Stomatal Density
Type Count (sel/mm?)
1. Shaded Paratetracytic 11 56.05
2. Unshaded Paratetracytic 15 76.43

The higher stomatal density in the unshaded location (76.43 cells/mm?) compared to the
shaded area (56.05 cells/mm?). This number is higher than the average stomatal density of Sente
reported by Suratman et al. (2016), which is 20.48 cells/mm?2. This difference occurs because plants
exposed to direct sunlight adapt to higher light intensity. In contrast, plants in shaded areas exhibit a
lower stomatal density as an adaptation to lower light intensity. A higher stomatal density can
enhance the rate of assimilation [27].
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Figure 2. Paratetracytic Stomata Type in Sente Leaves (Alocasia macrorrhizos (L.) G.Don)

3.5 Chlorophyll Content in Sente Leaves (Alocasia macrorrhizos (L.) G.Don) Under Different
Light Intensities

Based on Table 5, it is observed that the average chlorophyll content in shaded leaves is
higher than the chlorophyll content in unshaded leaves. This finding aligns with research conducted
by Zhao et al. (2015) on the impact of light intensity on chlorophyll content in Paeonia lactiflora. Zhao
et al. (2015) explained that the levels of chlorophyll content serve as indicators of environmental
adaptation. Plants growing in shaded areas have higher chlorophyll content to absorb more light,
ensuring optimal photosynthesis and the synthesis of organic compounds.

Table 5. Comparison of Chlorohyll Content in Sente (Alocasia macrorrhizos (L.) G.Don)

No. Location Average Chlorophyll
Content (CCl)
1. Shaded 82.03
2. Unshaded 41.70

3.6 Phytochemical Content in Sente Leaves (Alocasia macrorrhizos (L.) G.Don) Under
Different Light Intensities
The tests conducted in this research were qualitative analyses aimed at determining the
presence and quantity (high or low levels) of active compounds in the leaves. The phytochemical
test results for the sente leaves are presented in Table 6.
Table 6. Phytochemical Content of Sente (Alocasia macrorrhizos (L.) G.Don) Leaves at Different
Light Intensities

No. Phytochemical Shaded Unshaded
Compound Location Location
1. alkaloid ) -)
2. flavonoid +) (++)
3. saponin +) (++)
4. tanin (++) (++)
5. kuinon () ()

3.6.1 Alkaloid Content

The test for alkaloid content in sente leaves resulted in a negative outcome (Table 6). A
negative result for the alkaloid test is indicated by the absence of an orange precipitate when reacted
with the Dragendroff reagent[14]. However, research by Singh et al. (2019) reported the presence of
alkaloids in sente leaves. In their study, they employed various tests and solvents to determine the
alkaloid content. Positive results were obtained in the Hager test using ethanol as a solvent and in
the Dragendroff test using water as a solvent. The difference in test outcomes is likely due to the use

of different solvents.

Figure 3. Phytochemical Test for Alkaloid A) Unshades B) Shaded

Morphoanatomy and Phytochemical Content of Sente ... (Nadhira Zaachrany Rachma)



21 ISSN 2355-6102; e-ISSN 2502-0404

3.6.2 Flavonoid Content

The phytochemical test for flavonoid content in sente leaves (Table 6) showed that leaves
from the unshaded location contain a higher concentration of flavonoids, as indicated by a darker
orange color. In contrast, the flavonoid concentration is lower in leaves from the shaded location.
This difference is related to the protective role of flavonoids against ultraviolet (UV) radiation. As light
intensity increases, UV radiation intensity also rises. As a result, plants require a greater
accumulation of flavonoids to provide strong protection against UV damage [21].

Figure 4. Phytochemical Test for Flavonoid A) Unshades B) Shaded

3.6.3 Saponin Content

The phytochemical test for saponin content yielded a positive result. Based on Table 6, the
leaves of sente from the unshaded location formed more foam compared to the leaves from the
shaded location. This indicates that in the unshaded environment, where the plants are exposed to
higher light intensity, there is an increased concentration of saponin compounds in the leaves. The
higher saponin content in leaves from unshaded areas is related to the plant's stress response, where
under high light stress, leaves activate a protective mechanism by increasing saponin synthesis to
mitigate damage caused by intense light exposure [29].

Figure 5. Phytochemical Test for Saponin A) Unshades B) Shaded

3.6.4 Tannin Content

The phytochemical test for tannin content yielded a positive result. The study showed that
sente leaves from shaded locations (low light intensity) exhibited a darker brown color compared to
leaves from unshaded locations (high light intensity).A high concentration of tannins indicates stress
conditions, as many secondary metabolites are produced in response to high stress. However, this
response is not the same across all species, as each species has its own optimal light intensity.
When light intensity exceeds or falls below this optimal point, the concentration of secondary
metabolites decreases [21]. In the case of sente, the research suggests that low light intensity
represents the optimal condition for tannin production.
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22 Florea: Jurnal Biologi dan Pembelajarannya ISSN 2355-6102; e-ISSN 2502-0404

Figure 6. Phytochemical Test for Tannin A) Unshades B) Shaded

3.6.5 Quinone Content

Based on the experiment testing quinone content in sente leaves from shaded and unshaded
locations in the UNPAD arboretum, the results showed a negative presence of quinone compounds
(Table 6). The negative result for quinone compounds was observed in both shaded and unshaded
locations, as indicated by the absence of an orange color change in the solution [19].

<=

Figure 7. Phytochemical Test for Alkaloids A) Shaded B) Unshaded

4. CONCLUSION

Sente plants (Alocasia macrorrhizos) have different morpho-anatomical characteristics in
shaded and unshaded locations. In shaded locations, the leaf color is darker, the leaves are thinner,
and the leaf size is wider than in unshaded locations which are related to the adaptation mechanism
to limited light. The density of stomata in sente leaves in unshaded locations (76.43 cells/mm2) has
a higher value than in sente leaves from shaded locations (56.05 cells/mm?2) related to the adaptation
mechanism to high light intensity causing an increase in the number of stomata to increase the level
of photosynthetic assimilation. The chlorophyll content of sente leaves in unshaded locations has a
higher value (82.03 CCI) than in unshaded locations (41.7 CCI) for adaptation to limited light
absorption. The phytochemical content of sente leaves in unshaded locations has high saponin and
flavonoid content, due to the results of adaptation to the light stress mechanism. On the other hand,
in the tannin test, leaves from shaded locations had higher values related to the optimum work of
secondary metabolites at a certain light intensity. The results of the quinone and alkaloid tests
produced negative tests.
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