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The tuber of Dioscorea hispida Dennst. has potential for development as a synthetic
pharmaceutical ingredient due to the presence of secondary metabolites such as
diosgenin and flavonoids, which exhibit biological activity within the body.
Further exploration of this potential requires the isolation and identification of
these compounds. Diosgenin was isolated from the ethanol extract using thin-layer
chromatography, while flavonoids were isolated from the ethyl acetate fraction
using paper chromatography. The pure isolates of both compounds were identified
using UV-Vis spectrophotometry and FT-IR spectroscopy. The UV-Vis
spectrophotometric analysis of diosgenin revealed maximum absorption
wavelengths at 205 and 453 nm. Flavonoid isolates exhibited maximum absorption
wavelengths of 264 nm for the first isolate, 265 nm for the second, 276 nm for the
third, and 272 nm for the fourth. FT-IR spectroscopic analysis of the diosgenin
isolate indicated the presence of functional groups such as -OH, aromatic C=C, and
aromatic C-O, while the flavonoid isolate showed the presence of O-H, aromatic
C-H, aliphatic C-H, C=0, C=C, and C-0O. These identification results confirm that
the isolates obtained indeed contain diosgenin and flavonoids.

Keyword: Isolation, Identification, Diosgenin, Flavonoids, Dioscorea hispida
Dennst
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Umbi Dioscorea hispida Dennst. mempunyai potensi untuk dikembangkan sebagai
bahan obat sintetik di bidang farmasi karena mengandung senyawa metabolit
sekunder seperti diosgenin dan flavonoid yang memiliki aktivitas biologis di dalam
tubuh. Penggalian lebih jauh potensi tersebut memerlukan isolasi dan identifikasi
senyawa-senyawa tersebut. lIsolasi senyawa diosgenin dilakukan dari ekstrak
etanol menggunakan kromatografi lapis tipis, sedangkan flavonoid diisolasi dari
fraksi etil asetat menggunakan kromatografi kertas. Isolat murni kedua senyawa
tersebut diidentifikasi menggunakan spektrofotometri UV-Vis dan FT-IR.
Identifikasi diosgenin secara spektrofotometri UV-Vis menunjukkan nilai panjang
gelombang maksimum pada 205 dan 453 nm. Isolat flavonoid menunjukkan nilai
panjang gelombang maksimum 264 nm untuk isolat pertama, 265 nm untuk isolat
kedua, 276 nm untuk isolat ketiga, dan 272 nm untuk isolat keempat. Analisis
spektroskopi FT-IR terhadap isolat diosgenin menunjukkan adanya gugus fungsi -
OH, C=C aromatik, dan C-O aromatik, sementara isolat flavonoid menunjukkan
adanya O-H, C-H aromatik, C-H alifatik, C=0, C=C, dan C-O. Hasil identifikasi
ini menegaskan bahwa isolat yang diperoleh memang mengandung diosgenin dan
flavonoid.

Keyword: Isolasi, Identifikasi, Diosgenin, Flavonoid, Dioscorea hispida Dennst

1. Introduction

Indonesia has enormous food resources, including tubers. Despite low production costs and easy
cultivation, some Indonesian tubers are rarely used. The tuber of Dioscorea hispida, a member of the tuber
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group (Dioscorea), is one example where the tuber has a forest habitat. It is known that Dioscorea hispida has
cyanogenic glycosides, which play a role in cyanide production [1]. When these cyanogenic glycosides break
down completely, they can produce cyanide, harming your health. However, apart from harmful molecules,
some are beneficial to health, such as diosgenin and flavonoids. Several studies have found that this root has
gualities that make it effective against hypertension, obesity, cancer, and oxidative stress. The presence of
secondary metabolites in the tuber of Dioscorea is responsible for its therapeutic effect. Phytochemical
screening has found secondary metabolites in the tuber of Dioscorea, including alkaloids, saponins, tannins,
glycosides, phenolics, and flavonoids [2,3].

Evidence-based usage of Dioscorea hispida as a traditional medicine already exists; however, it is not

widely practiced. This utilization takes advantage of the biological activity present in the secondary metabolites
of Dioscorea hispida, such as diosgenin and flavonoids. Diosgenin is saponin that occurs naturally in
Dioscorea sp. legumes and tubers [4,5]. Diosgenin is a precursor to many pharmaceutically used synthetic
steroids. Studies have shown that the intestine may absorb diosgenin, that it plays a significant role in
regulating cholesterol metabolism, that it has the potential as a therapeutic agent for many disorders such as
cancer and hypercholesterolemia, and that it has both esetogenic and anti-tumor actions [6-8]. in comparison,
flavonoids are antioxidant-rich phenolic compounds. Because flavonoids can bind to a free radical and change
its properties, they help mitigate the harm of free radicals, including cell or tissue destruction and cancer
development [9,10].
The optimal development of the two metabolites found in Dioscorea hispida holds great potential in the
pharmaceutical industry. By conducting continuous research, these compounds can be effectively produced
using modern methods, either as pharmaceutical drugs or as a foundation for synthesizing novel drugs. Such
advancements would significantly contribute to the improvement of public health and overall welfare. The
scientific process holds significant importance in ensuring that traditional medicine is not solely reliant on
anecdotal evidence but instead supported by scientific research. This validation is crucial for integrating
traditional medicine into contemporary formal healthcare systems. Therefore, it becomes imperative to first
isolate and identify diosgenin and flavonoids from Dioscorea hispida tubers

2. Materials and Methods

2.1 Materials

The tools used in this study were quality glassware, a set of paper chromatography tools (PC) (Merck), hot
plates (Thermo Scientific), analytical balances (mettler toledo), oven (Memmert), TLC plates (Merck), rotary
evaporator (Stuart RE300), FT-IR spectrophotometer (Shimadzu IR-Prestige-21) and ultraviolet
spectrophotometer (Shimadzu UV-1800), TLC scanner (CAMAG), and vortex (Boeco).

The Dioscorea hispida tubers were obtained from Deli Serdang sub-district, Indonesia. Plant identification
was conducted at the Medanese Herbarium (MEDA), located within the Faculty of Mathematics and Natural
Sciences at the University of North Sumatra. The materials and reagents used are pro-analysis from Merck and
Smart-Lab, namely aluminum chloride, acetic acid, hydrochloric acid, sulfuric acid, butanol, ethanol, ethyl
acetate, ferric chloride, methanol, n-hexane, lead acetate, chloroform, isopropanol, diosgenin, KBr powder,
and toluene.

2.2 Extraction and ethyl acetate fraction of Dioscorea hispida tuber

Dioscorea hispida tuber simplicia powder, as much as 1000 g, is placed in a container with 10 | of 96% ethanol
solvent. Soak for 6 h, stirring occasionally, then let rest for 18 h. Use a filter to separate the maceration. Repeat
the extraction process at least once using the same solvent, half of the initial volume. The maceration results
were then concentrated with a rotary evaporator to become a thick extract. Diosgenin will be extracted from
this thick extract, while flavonoids will be extracted from the ethyl acetate part using liquid-liquid extraction.
As much as 10 g of the condensed extract was added with 40 ml of ethanol and 100 ml of hot water,
homogenized, then put into a separatory funnel and partitioned with 100 ml of n-hexane until the Liebermann-
Burchard reagent did not give a positive result, leaving n-hexane and water fractions. The water fraction was
separated with 100 ml of ethyl acetate until the ethyl acetate fraction became colorless, and FeCls did not affect
the ethyl acetate fraction. The ethyl acetate and water fractions were isolated, and the ethyl acetate fraction's
flavonoid concentration was studied [11,12].

2.3 Phytochemical screening
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Standard protocols were employed to conduct phytochemical screening to detect the presence of different
phytoconstituents, including flavonoids, glycosides, alkaloids, tannins, saponins, and steroids/triterpenoids
[13].

2.4 Isolation of diosgenin from ethanol extract

The best determination of the mobile phase was obtained from the results of the orientation ratio of toluene:
ethyl acetate (100:0 to 0:100). the orientation results obtained the 5 best mobile phase ratios (5:5, 6:4, 7:3, 8:2,
9:1) and then evaluated preparative TLC as a spotting agent using 50% H,SO, reagent and silica gel stationary
phase Fzss. The ethanol extract was mixed with n-hexane and dissolved. A band was placed 2 cm from the
bottom edge of a 20 x 20 cm TLC plate that had been triggered. After the TLC plate was dried, it was placed
in a vessel containing a developer solution diluted with the mobile phase. Using the parts already there, the
plate is taken out of the tank when it has reached its full potential and then dried. The plate is covered in clear
glass in the middle, and 50% H,SO4 spot remover is sprayed on the plate's outer edges. The center of the plate
parallel to the purple spots was scraped and collected, soaked in ethyl acetate overnight, filtered, and
evaporated. The isolates were then TLC-tested for purity [14,15].

2.5 Isolation of Flavonoids from Ethyl Acetate Fraction

Paper chromatography (PC) was used to find the optimal mobile phase for the ethyl acetate fraction of
Dioscorea hispida tubers using Whatman No. 1 paper stationary phase, 2x20 cm, and several mobile phases,
including n-butanol: acetic acid: water (5:1:4). Spots were made on Whatman paper No. 1, and the ethyl acetate
fraction was then developed to the limit of the paper before being placed in a chromatography tube saturated
with the best mobile phase vapor. Subsequently, the paper is extracted and subjected to a drying process. The
value of Rf was determined by observing the outcomes under a UV lamp emitting at 366 nm (UV 366 nm)
[16,17].

The ethyl acetate fraction was subjected to preparative PC utilizing the best mobile phase and Whatman No
paper stationary phase to separate the flavonoid components. The ethyl acetate fraction is spotted on Whatman
paper No. 1 as a ribbon, inserted into a chromatography vessel saturated with the mobile vapor phase, and
developed to the boundary line. The document was subsequently extracted, desiccated, and examined under
366 nm ultraviolet illumination. After marking and slicing off the desired portions, the pieces are immersed in
methanol for 24 h, shaken every so often, and finally filtered. After soaking up to three times, the extract was
collected and concentrated in the open air [16,17].

2.6 Purity Test for Isolates

2.6.1 Diosgenin Isolate Purity Test by One-Way Thin Layer Chromatography

The isolated test was carried out by TLC using toluene: ethyl acetate (8:3) as the mobile phase. The isolate
was spotted on a thin layer plate and then put into a chamber saturated with mobile phase vapor. After
development is complete, the plate is removed and dried, and the plate is sprayed with 50% H,SO, spot
remover and heated in an oven at 110°C [15].

2.6.2 Flavonoid Isolate Purity Test with Two-Way Paper Chromatography

The sample is spotted using a capillary tube on paper and put into a vessel containing a developer. They eluted
until developers moved up. After the developer solution reaches the boundary line, the paper is removed from
the chromatography vessel and dried in a fume cupboard. The stains obtained were detected using a 365 nm
UV lamp. Then the paper's position is rotated 90° from its initial position and dipped into another vessel
containing another developer solution. Eluted until the developer moves to a predetermined limit, the paper is
removed and dried. The stains obtained were detected using a 365 nm UV lamp [16,17].

2.7 ldentification of Isolate Compounds

2.7.1 identification of isolates by UV Spectrophotometry

The isolate was dissolved in methanol, 0.25 mL vanillin reagent was added, and 2.5 mL of 72% H»SO4 was
added. The mixture was vortexed and heated in a water bath at 60° for 10 min, then cooled for 3-4 min, and
the absorbance was seen at a wavelength of 520 nm on a UV-Vis spectrophotometer [18].

2.7.2 ldentification with FTIR Spectrophotometer
The identification of flavonoid compounds was achieved through infrared spectrophotometry, wherein the
sample powder was mixed with KBr and subjected to testing. Insert the powder into the designated receptacle
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of the DRS tool, ensuring that the infrared (IR) beam is directed toward the central region of said receptacle.
Subsequently, obtain the infrared spectrum within the 4000-500 cm-1 wave number range.

3. Results and Discussion

3.1 Extraction and Fractionation

A quantity of 28,760 g of Dioscorea hispida tubers yielded 4,500 g of Dioscorea hispida tuber simplicia
powder. Macerate 4500 g Dioscorea hispida tuber simplicia powder in 96% ethanol. After being concentrated
in a rotary evaporator, the simplicia yield was 84.35%, and 3.5% extract was recovered from 160 g of raw
material. An amount of 2N HCI equal to 50 g was used to reflux a macerated ethanol extract. The ethyl acetate
fraction was then extracted via fractionation, yielding 7.269 g at a percentage yield of 14.53%. The percentage
yield is crucial because it indicates the number of active chemicals in a sample.

3.2 Phytochemical Screening
The phytochemical screening included examining alkaloids, flavonoids, glycosides, saponins, tannins, and
steroid/triterpenoid groups. The results of the phytochemical screening can be seen in Table 1.
Table 1. Screening results for simplicia, extracts, and ethyl acetate fraction
Ethyl Acetate

No Group Simplicia Extract

Fraction
1 Alkaloids + + +
2 Flavonoids + + +
3 Glycosides + + +
4 tannins + + +
5 Saponins + + +
6 Triterpenoids/steroids + + -

Based on the results of phytochemical screening for simplicia, extracts and fractions of Dioscorea hispida
tubers contain secondary metabolites of alkaloids, flavonoids, glycosides, saponins, tannins, and
steroids/triterpenoids. In contrast, the ethyl acetate fraction alone does not contain steroids/triterpenoids. This
can be an initial basis for isolating flavonoids from the ethyl acetate fraction because they are more polar and
diosgenin from the ethanol extract because it contains glycosides and steroids/triterpenoids [19].

3.3 Isolation of Diosgenin from Ethanol Extract

The results of TLC analysis using silica gel 60 F2s4 stationary phase with 50% H,SO4 spots obtained the best
toluene: ethyl acetate mobile phase with a ratio (8:2) because it produced the best stain separation, as shown
in Figure 1 below.

5:5 6:4 7:3 8:2 9:1

Figure 1. Thin layer chromatography of ethanol extract of Dioscorea hispida tubers with toluene:ethyl
acetate ratio
The results of preparative thin layer chromatography with the stationary phase of silica gel Fzss and the mobile
phase of toluene: ethyl acetate (8:2) with the appearance of 50% H,SO. spots from Dioscorea hispida tuber
extract, there were two bands. The band whose Rf value corresponds to standard diosgenin, namely 0.7875,
was scraped off and soaked overnight in ethyl acetate, then filtered and evaporated to obtain isolate. The results
of the isolation of diosgenin compounds by preparative thin-layer chromatography can be seen in Figure 2
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3.4 Isolation of Flavonoid Compounds from Ethyl Acetate Fraction

Isolation was carried out on the ethyl acetate fraction by paper chromatography (PC) using Whatman No.1
paper stationary phase. The eluent used in PC is a mixture of n-butanol: acetic acid: water (BAA) (5:1:4) which
can provide the best separation. Because of its composition, the eluent is very polar, so it can separate flavonoid
compounds which are also polar.

Figure 3. Chromatogram of preparative PC results of the ethyl acetate fraction
After being irradiated with a UV lamp with a wavelength of 366 nm, four bands were obtained with each Rf
value whose chromatogram pattern can be seen in Figure 3. These four bands were cut out based on the color
of the band and the Rf value, which can be seen in Table 2 below. This band is then soaked in methanol and
evaporated to obtain isolates that can be identified.

Table 2. Results of isolation of flavonoid compounds by preparative paper chromatography

Spot/lsolate Rf values UV 366 nm
1 0.28 Purple
2 0.4 Blue
3 0.54 Green
4 0.62 Yellow

3.5 Purity Test for Isolates

3.5.1 Diosgenin Isolate Purity Test by One-Way Thin Layer Chromatography

Diosgenin isolates were tested for purity by thin-layer chromatography using toluene: ethyl acetate (8:2) as
the mobile phase. The stationary phase used was silica gel 60 F254 with 50% H,SO4 specks. The results
obtained that the isolates showed one stain can be seen in Figure 4.

Figure 4. Results of the purity of diosgenin isolate by thin-layer chromatography
3.5.2 Test for Purity of Flavonoid Isolates by Two-Way Paper Chromatography
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Flavonoid isolates were tested for purity by 2-way PC. The elution process was carried out twice with different
mobile phases. Before the second elution, the paper's position is rotated 90° from the initial position of the first
elution. If the two elution processes only show one point, then it can be said that the isolate obtained is a single
component. Two-way paper chromatography test results, Rf values, and stain colors have been obtained. The
results from the 2-way PC showed all pure or single isolates, which can be seen in Table 3 below.

Table 3. Two-way PC vyield data of flavonoid isolates
Spot/lsolate  Rf value in First Eluent Rf value in Second Eluent Color in UV 366 Purity

1 0.28 0.34 Purple +
2 0.42 0.42 Blue +
3 0.51 0.65 Green +
4 0.6 0.45 Yellow +

3.6 Identification of Diosgenin Isolates

3.6.1 Results of Identification of Isolates with UV-Vis Spectrophotometry

The results of the spectrum of pure diosgenin isolates from Dioscorea hispida bulbs and standard diosgenin in
the UV region (200-400 nm) and visible region (400-800 nm) can be seen in Figure 5.

Ultraviolet (UV) Visible (Vis)

Standard Diosgenin

Isolate

Figure 5. The results of standard diosgenin spectra and isolates for UV and visible regions
The interpretation of the UV and Vis spectra with methanol (Figure. 5) gives the maximum wavelengths of
standard diosgenin (203 nm and 455 nm) and isolate diosgenin (205 nm and 453), respectively. Ultraviolet and
visible light will cause electrons to be excited to higher orbitals. The system responsible for the absorption of
light is called a chromophore. Based on this, diosgenin does not have a chromophore group that can cause it
to be measured in the UV region (200-400 nm). However, the spectrum of the isolate obtained has two peaks
similar to the diosgenin spectrum.

3.6.2 Identification of Isolates with FT-IR Spectrophotometer

The infrared spectrum data, as depicted in Figure 6, reveals a distinct absorption at the wave number 3448.72
cm-1, indicating the presence of an OH group. This assumption is reinforced by absorption at wave numbers
1058.82 cm-1, 1174.65 cm-1, and 1244.09 cm-1, which is absorption from the C-O alcohol group. The sharp
absorption in the wave number region of 1660.71 cm-1 is thought to be absorption from aromatic C=C. This
assumption is strengthened by the appearance of absorption at wave number 3026.31 cm-1, which is absorption
from sp2-H. The sharp absorption in the wave number region of 2943.37 cm-1 is considered sp3-H absorption.
This assumption is strengthened by the appearance of absorption at wave number 1375.25 cm-1, which is
suspected to be CHs; absorption [20].

150

%T Ve et | Isolate

125

100\
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37.86
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4500 4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

Figure 6. Results of the infrared spectrum of diosgenin isolates and diosgenin standards
3.7 Identification of Flavonoid Isolates
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3.7.1 Results of Identification of Isolates by UV Spectrophotometry

Flavonoids have a maximum wavelength in the range of 200-400 nm. The maximum wavelength varies
depending on the specific structure of the flavonoid, measurement conditions, and environmental influences.
The results of the UV spectrum analysis of isolates 1 and 2 show that the absorption peaks are 264 nm and 265
nm. The peak wavelength | enter the UV absorption range for the flavone group, which is 250-270 nm. While
for isolates 3 and 4, the absorption peaks were seen at 276 nm and 272 nm. The wavelength of this peak is
within the range for the flavonol group [21-23]. The spectrum of isolates 1-4 can be seen in Figure 7.

1.2817 T T 2 ~ T T
Isolate 1 | Isolate 2
0.4444 08386
i
T
011 . a 0.1 L
200.0000 280.0000 400.000 2000000 280.0000 400.0000
nm. m
07 - T r 0.6855— T T
{ Isolate 3 1 Isolate 4
02518 03101
—
f
=
0. 1 1 0,07 L
2000000 280.0000 40000C 2000000 230#.000 400.0000

Figure 7. The spectrum of Isolates by UV Spectrophotometry

3.7.2 Isolate Identification Results with FT-IR Spectrophotometry

Isolates suspected of containing flavonoids were crushed with KBr, and then their IR spectra were measured.
This spectrum can provide information about the functional groups of the isolated compounds. The FTIR
spectra of the four isolates can be seen in Figure 8 below.

Figure 8. Infrared Spectrum Isolates
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Table 4. Interpretation of the infrared spectrum of isolate
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Wave Number (cm-1) Functional
Isolate 1 Isolate 2 Isolate 3 Isolate 4 Group .
Interpretation
3404.36 3410.15 3425.58 3446.79 OH
3072.6 - 3086.11 3051.39 aromatic CH
- 2970.38 2964.59 2962.66 Aliphatic CH
1666.5 1664.57 1699.29 1699.29 C=0
1406.11 1415.75 1452.4 1456.26 C=C aromatic
- - 1382.96 1386.82 Aliphatic CH
1294.24 1300.02 1249.87 1193.94 C-O
1118.71 1097.5 1070.49 1087.85 C-O0
- - 1014.56 1018.41 C-O0
754.17 - 856.39 - aromatic CH
694.37 615.29 702.09 702.09 aromatic CH

Identification results with FT-IR isolates 1-4 showed that the isolates contained several functional groups, as
shown in Figure 8 and Table 4. The identification of the isolate is indicated by the presence of functional
groups such as hydroxyl (OH), aromatic carbon-hydrogen (CH aromatic), carbonyl (C=0), aromatic carbon-
carbon double bond (C=C aromatic), and aliphatic carbon-oxygen (C-O) and carbon-hydrogen (C-H) bonds.
This is a flavonoid compound with a C=0 carbonyl group as a general characteristic of the flavonoid compound
[21-23].

4. Conclusion

The results obtained from the tests indicate that diosgenin can be successfully isolated from the ethanol extract
of Dioscorea hispida tuber using preparative thin-layer chromatography (TLC). UV spectrophotometry
identified pure isolates with 205 nm UV and 453 nm visible wavelengths. In comparison, using FT-IR
spectrophotometry to identify isolates revealed the presence of functional groups -OH, aromatic C=C, and
aromatic C-0O. For the flavonoids, preparative paper chromatography can separate them from the ethyl acetate
fraction of the Dioscorea hispida tubers. UV spectrophotometry was used to identify pure isolates. The first
isolate had maximum absorbance at 264 nm (1) and 204 nm (1), the second at 265 and 209, the third at 276
and 210, and the fourth at 272 and 204. FT-IR spectrophotometry identified isolates with O-H, aromatic C-H,
aliphatic C-H, C=0, C=C, and C-O groups
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