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Abstract. Ismail AS, Rizal Y, Kasim A. 2021. Identification of bioactive compounds in gambier (Uncaria gambir) liquid by-product in
West Sumatra, Indonesia. Biodiversitas 22: 1474-1480. Gambier liquid by-product (GLB) is a by-product of gambier production,
alleged to contain similar flavonoid compounds. Currently, there is no available information on the active components of GLB. This
study, therefore, aims to identify the active compounds in GLB using Fourier transform infrared spectroscopy (FTIR), and screen for
active compounds using liquid chromatography coupled to quadrupled the mass spectrometry time of flight (LC-MS/MS QTOF)
positive (ESI+) and negative (ESI-) ionization modes. The results of the functional-group identification spectra showed 5 peaks, and the
GLB was characterized by a hydroxyl group (OH) at 3423.22 cm™ wavelength, indicating a phenolic compound. Meanwhile, CO, was
identified at 2360.92 and 2344.84, C=0 at 1654.43 and C-H stretching at 1400.26 cm* wavelength. LC-MS/MS screening in ESI+ mode
identified that the GLB contained 22 active compounds, while the ESI- mode confirmed that the GLB had 14 active compounds. Based
on these two ionization modes, nine compounds, quercetin 3-glucoside, gallocatechin-4beta-Ol, (-)-epi-afzelechin, quercetin-3-0-(2G-a-
Lrhamnosyl)-rutinoside, kaempferol-3-O-p-rutinoside, quercetin-3-O-a-L-rhamnoside, epigallocatechin 3-O-P-coumarate, quercetin 3-
O-(6"-acetyl-galactoside) 7-O-rhamnoside and quercetin 3-(4"-acetylrhamnoside) 7-rhamnoside were discovered. Therefore, GLB was
discovered to contain 27 active compounds that all of these compounds are flavonoid group, and some of these substances are also

present in the gambier product.
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INTRODUCTION

Indonesia is the world's largest exporter of gambier
(gambier product), and this export value is estimated to
meet about 80% of the international market’s need. The
largest production occurs in the province of West Sumatra,
and was estimated at 2,491.39 tons in 2018 (BPS, 2020).
This gambier production is mostly performed on a small
scale by local farmers.

The gambier is the hot water extract of the gambier
plant’s (Uncaria gambir (Hunter) Roxb.) leaves and twigs.
This extract is often chewed as a herb, ingested for anti-
diarrhea and antioxidant properties by the people (Musdja
et al. 2017; Arief et al. 2020; Labanni et al. 2020), and
comprises of 7.63-23.16% water, 12.24-24.16% tannins,
14.76-86.71% catechins, 1.43-25.24% ash as well as 5.58-
46.28% water-insoluble compounds (Rahmawati et al.
2012; Kasim et al. 2015). A study by Sazwi et al. (2013)
also reported the gambier to contain 21.77% quinic acid,
6.02% (+)-catechin, 17.96% procyanidin dimer (B1),
7.06%  (epi) afzelechin-(epi)  catechin, 12.16%
proanthocyanidin dimer, 1.61% (-)-epicatechin, 5.34%
catechin isomer, 3.07% proanthocyanidin dimer, 14.79%
quercetin  diglycoside, 4.3% cyanidin-3-O-glucoside,

2.02% quercetin and 0.005% kaempferol, while Kasim et
al. (2019) stated gambier product contained pyrocatechol
and phloroglucinol.

The extraction process starts from boiling the leaves
and twigs for about 1 hour, followed by pressing, and
straining. The extract obtained is then left to stand for 24
hours to become thickened. Subsequently, draining is
performed to reduce the water content, followed by
molding and drying, to obtain the gambier product
(gambier) (Andasuryani et al. 2014), while the water
collected after draining is referred to as ‘gambier liquid by-
product' (GLB) or as 'kalincuang', by the local gambier
farmers in West Sumatra. However, GLB has not been
optimally utilized, and is even often treated as a waste.

According to Sofyan et al. (2015), this by-product is
equivalent to about 4% of the total gambier product and is
composed mainly of the water separated from the thick
extract during draining. However, GLB is also assumed to
contain several similar active compounds, as the gambier
products, because it is a part of gambier extraction.
Therefore, GLB is also a potential raw material for native
medicinal herbs. Currently, there is no available
information on the active compounds in GLB, hence, this
study aims to identify these compounds, and provide a
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basis for the utilization of GLB in native medicines, as well
as other applications.

MATERIALS AND METHODS

Materials

The materials used in this study include gambier liquid
by-product (GLB), cotton, methanol, chloramphenicol, and
biotin. The GLB was obtained from the local farmers
manufacturing gambier products, in Siguntur Muda
Village, Koto XI Tarusan District, Pesisir Selatan Regency,
West Sumatra, Indonesia.

Methods

Gambier Liquid By-product (GLB) preparation: The
GLB was filtered with cotton to separate the insoluble
materials, and then stored at -4°C, prior to use, to protect
the active components from damage. This was followed by
freeze-drying (Christ Alpha 1-2 LDplu freeze dryer) at -
55°C, and vacuuming with Vacubrand RZ 2.5 to obtain a
powder with a constant weight (Torres et al. 2010).

Functional group screening: This was performed by
preparing a 5 to 10% mixture of GLB powder and
powdered KBr, and subjecting this mixture to Fourier
transform infrared spectroscopy (FTIR) (Thermo scientific,
Nicolet iS10), as described by Pavia et al. (2001), to scan
the sample within the range of 4000 to 400 cm™.
Subsequently, functional groups were identified based on
the absorption band at specific wavelengths.

Active compound screening: This was performed using
LC-MS/MS-QTOF, as described by Qiao et al. (2013).

Standard preparation: The standard was used to
confirm normality in the LC-MS/MS instrument.
Therefore, biotin (Sigma Aldrich) and Chloramphenicol
(Sigma Aldrich) were adopted as the positive (ESI+) and
negative mode (ESI-), respectively. The following standard
preparations were made: (i) Biotin 1 ppm: 25 yL of 1000
mg/L biotin standard was piped in a 25 mL volumetric
flask 25 mL, aquabides was added until the 25 mL mark
was reached, and the mixture was homogenized, and then
injected to the LC-MS/MS instrument. (i)
Chloramphenicol 1 ppm: 25 pyL of 1000 mg/L
chloramphenicol was piped into a 25 mL volumetric flask
25 mL, aquabides were added until the 25 mL mark was
reached, and the mixture was homogenized, and then
injected into the LC-MS/MS instrument.

Sample preparation: 0.5 g of the GLB powder was
mixed with 5 mL of methanol placed in a 10 mL
volumetric flask, then subjected to ultrasonic for 30
minutes. Subsequently, methanol solvent was added until
the 10 mL mark was reached, and the mixture was
homogenized, filtered with 0.22 pm mesh size GHP/PTFE
membrane filter and 10 pL of the filtrate was injected into
UPLC with LC system: ACQUITY UPLC I-Class with
FTN Sample Manager, column: ACQUITY UPLC HSS T3
2.1 x 100 mm, 1.8 pm, at a column temperature of 40°C,
auto-sampler temperature of 15°C and mobile phase: water
(0.1% formic acid) and acetonitrile. Meanwhile the MS
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condition was MS system: Xeno G2-S QTof MS,
acquisition range: 100-1500 Da, scan time: 0.1 s,
acquisition mode: ESI+, ESI-; resolution mode; MSE, lock
mass: leucine encephalin (LE) 1 ppm (scan for 0.3 s,
interval: 15 s) capillary voltage: 3 KV (ESI+)/2.5 KV (ESI-
), cone voltage: 100 V, collision energy: low CE: 6 eV;
high Ce: 15-40 eV, source temp.: 120°C, desolvation
temp.: 500°C, cone gas flow: 30 L/h, desolvation gas flow:
1000 L/h and acquisition time: 20 min.

Result Interpretation: The LC-MS/MS QTOF screening
for active natural compounds was carried out using UNIFI
software, including a mass spectrum library of active
natural compounds from the waters database. Therefore,
the software was able to identify the sample’s active
components by matching the spectrums with the library.
The criteria for this identification include mass error
reading of the analyte < 5 ppm, isotope match MZ RMS <
6, analyte intensity > 300, and one fraction with brake
value < 4, in the fragment match elucidation system.

Data analysis

All of the screening of GLB active compounds was
Duplo, and then the data average was displayed in graphs
and tables, descriptive analysis was carried out.

RESULTS AND DISCUSSION

Screening for phenolic groups using FTIR

Figure 1 shows the result of functional group screening
for gambier liquid by-product (GLB), using Fourier
transform infrared spectroscopy (FTIR). According to this
figure, 5 peaks appeared in the FTIR spectrum of GLB.
The first peak appears at 3423.22 cm?, indicating the
presence of a hydroxy group (OH), and this is characteristic
of phenolic compounds bound to benzene (C6)
(Packialakshmi and Naziya 2014). This was in accordance
with the report by Rajiv et al. (2016), stating the peak at
3332.99 cm, was characteristic of phenol groups (O-H
stretch, H-bond). Furthermore, the peaks at 2360.92 and
2344.84 cm? indicate the presence of carbonate (CO,)
compounds, while the peaks at 1654.43 cm™ and 1400.26
cm? were due to C=0 and C-H stretching, respectively
(Packialakshmi and Naziya 2014; Rege and Yang 2001; Yu
and Chuang 2016). From the results of screening for
functional groups using FTIR, it was known that in GLB
there were phenolic group compounds then screening
active compounds was carried out using LC-MS/MS QTOF
positive and negative ionization modes.

Screening of active compounds by LC-MS/MS QTOF

Figures 2 and 3 show the chromatogram results of
active compound screening, using positive (ESI+) and
negative (ESI-) ionization modes, respectively. Tables 1
and 2 show the resume of active compounds in the GLB.
The data observed were detected based on chromatogram
and mass spectrum obtained from LC-MS/MS QTOF.



Table 1. The GLB flavonoid compounds identified by LC-MS/MS QTOF ESI+

RT  Response  Area Molecule E
Compound Formula (min) (se) width (%) weight (g/mol) MSE Spectra (m/z)
Quercetin 3-Glucoside C21H20012 3.32 5162 2.10 464.1217 951.1817, 755.1809, 487.0856, 482.1297, 313.0569
3.4 7-Trihydroxy-flavone C15H1005 4.15 1053 0.43 270.0531 1174.3377, 581.1626, 579.1515, 427.1034
Gallocatechin-4beta-Ol C15H1408 4.28 1619 0.66 322.0691 1109.3925, 755.1904, 531.2346, 323.0771, 139.0403
1,2,3,5- 3,5-Dihydroxy-4',7-Dimethoxyflavanone  C17H1606 4.32 1011 0.41 316.0952 1174.3378, 867.2153, 579.1516, 289.0718
3-(3,4-Dihydroxycinnamoyl) Quinic Acid C16H1809 4.59 3210 1.31 354.0952 959.2193, 603.1479, 582.1691, 581.1658, 355.1032
Tanariflavanone A C30H3607 4.63 2818 1.15 508.2262 889.1977, 867.2142, 648.2079, 531.2341, 355.1032, 323.0771
Norcimifugin C15H1606 5.92 26663 10.85 292.0945 925.1635, 601.1353, 579.1508, 293.1025
(-)-epi-Afzelechin C15H1405 5.92 15330 6.24 274.0844 925.1635, 601.1353, 579.1508, 293.1025
Quercetin-3-0-(2G-a-Lrhamnosyl)-rutinoside C33H40020 7.11 8852 3.60 756.2105 853.2327, 757.2185, 643.2656, 611.1609, 531.2340, 303.0508
Kaempferol-3-O-(2G-a-L-rhamnosyl)-rutinoside  C33H40019  7.69 13784 5.61 740.2165 853.2349, 741.2245, 595.1670, 520.3339, 288.0594, 287.0562
3.4’ 7-Trihydroxyflavanone C15H1205 7.92 1851 0.75 272.0685 1142.3076, 835.2233, 563.1554, 409.0927, 273.0765
Cyanidin 3,5-diglucoside_1 C27H30016  8.02 22447 9.14 610.1538 1065.3146, 644.2690, 643.2658, 575.2246, 517.2190, 303.0510
Aloeresin A C28H28011 8.28 6646 2.71 540.1470 1049.3178, 903.2558, 757.1990, 619.1450, 563.1550, 339.1706
Kaempferol-3-O-B-rutinoside C27H30015 8.69 11620 4.73 594.1585 933.2670, 613.3409, 608.3856, 595.1665, 563.1553, 449.1088, 287.0558
Quercetin-3-0-a-L-rhamnoside C21H20011 8.98 8148 3.32 448.1009 913.3189, 903.2559, 711.2744, 644.2685, 643.2654, 627.2694, 449.1089,

287.0559

Epigallocatechin 3-O-P-coumarate C24H2009 9.32 5301 2.16 452.1103 1197.3831, 932.3331, 931.3297, 799.2285, 454.1218, 453.1183
Quercetin 3-O-(6"-acetyl-galactoside) 7-O-rhamnoside  C29H32017  10.35 13125 5.34 652.1622 1197.3699, 684.2901, 675.1514, 653.1702, 621.2223, 329.1282, 303.0501
Kaempferol 2G-coumaroylrutinoside C36H36017 10.68 5521 2.25 740.1926 887.2593, 741.2006, 627.2690, 621.2225, 497.1434, 353.1857, 287.0553
Procyanidin C30H26013 10.68 1435 0.58 594.1373 887.2593, 741.2006, 627.2690, 621.2225, 497.1434, 353.1857, 287.0553
Quercetin 3-(4"-acetylrhamnoside) 7-rhamnoside C29H32016 11.14 7852 3.20 636.1680 931.3278, 660.1611, 628.2720, 627.2686, 575.2227, 465.1024, 339.2063
Quercetin C15H1007 11.88 57904 23.57 302.0424 909.2861, 622.2261, 361.1544, 303.0504
Kaempferol C15H1006 13.82 24325 9.90 286.0476 911.3008, 605.2279, 330.1316, 287.0556

Table 2. The flavonoid compounds that were identified in GLB using LC MS/MS QTOF ESI- mode

RT Response Area Molecule E
Compound Formula (min)  (Se) width (%) weight (g/mol) MSE Spectra (m/z)
Gallocatechin-4beta-Ol C15H1408 4.66 4719 2.53 322.0687 1145.3326, 865.2015, 611.1410, 389.1081,
(-)-Epigallocatechin C15H1407 4.73 2237 1.20 306.0735 969.2696, 779.2274, 679.1883, 391.1154, 389.1081
7,4',3"-Triglycidyloxy-3,5-dihydroxyflavone C24H22010 6.73 2893 1.55 470.1214 1159.3108, 833.2092, 615.1253, 579.1494, 469.1127
Quercetin-3-0-(2G-a-Lrhamnosyl)-rutinoside C33H40020 7.1 25362 13.58 756.2124 1077.3091, 851.2197, 755.2044, 635.1821, 333.0603
Quercetagetin 6,3-dimethyl ether 3-(2"-apiosylgentiobioside) C34H42022 7.16 2819 151 802.2185 1093.3081, 879.2184, 867.2151, 801.2099, 793.1818, 433.1126
Quercetin 3-glucoside C21H20012 8.41 15996 8.56 464.0961 901.2428, 741.2001, 561.1398, 463.0880, 289.0708
Kaempferol-3-O--rutinoside C27H30015 8.7 25298 13.55 594.1596 1155.3012, 741.1871, 651.1577, 539.1516, 561.1406, 539.2125
Quercetin-3-O-a-Lrhamnoside C21H20011 8.98 14093 7.55 448.1012 1047.3037, 879.2196, 609.1486, 447.8931, 435.1282, 315.0866
Epigallocatechin 3-O-P-coumarate C24H2009 9.33 28792 15.42 452.1113 929.3178, 487.0803, 451.1033, 341.0664
5-hydroxy-3',4'-dimethoxy-6,7-methylenedioxyisoflavone C18H1407 9.33 3788 2.03 342.0744 929.3178, 487.0803, 451.1033, 341.0664
Quercetin 3-O-(6"-acetyl-galactoside) 7-O-rhamnoside C29H32017 10.36 35477 19.00 652.1655 1047.3019, 687.1349, 651.1575, 561.1410
Quercetin 3-(4"-acetylrhamnoside) 7-rhamnoside C29H32016 11.15 21764 11.65 636.1697 937.2118, 671.1395, 635.1617, 463.0885
Kaempferol 3-(6-acetylgalactoside) C23H22012 11.49 2210 1.18 490.1121 1183.4474,929.3177, 901.2421, 593.1519, 587.1879, 489.1040
(-)-epi-Afzelechin C15H1405 13.59 1313 0.70 274.0840 1169.3637, 955.4959, 911.3073, 857.4575, 671.2634, 625.2567,

274.0807, 273.0763
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Based on the screening results of active compounds
based on the positive ionization method (ESI+) (Figure 2),
GLB was discovered to contain 22 active compounds, and
most of these active compounds were quercetin compounds
with an area of 23.57% (Table 1), appearing at 11.88
minutes, with a response of 57904 se (Figure 4). Quercetin
is one of the largest flavonoid compounds belonging to the
flavonols group (Materska 2008). Therefore, the presence
of this compound in GLB is from the Gambier plant
(Uncaria gambir (Hunter) Roxb). GLB is obtained through
hot water extraction of the gambier plant (Andasuryani et
al. 2014) and quercetin is water-soluble, although the
solubility is small (Oliver et al. 2018), therefore the
compound is highly present in GLB. A study by Sazwi et
al. (2013) reported gambier to contain up to 2.02% of
quercetin  compounds, and 14.79% of quercetin
diglycoside.

Meanwhile, in the positive ionization method (ESI+), a
compound procyanidin, with an area of 0.58% appeared at
10.68 minutes with a response of 1435 se (Table 1), which
procyanidin or called tannin condense is combination of
two or more of catechin/epicatechin, epigallocatechin,
epicatechin gallate, dimer catechin, fisetinidin, chebulic
acid (Shi et al. 2020) by polymerization reaction because of
heating of boiling on the process of extracting gambier.
Catechin is characteristic of a gambier product active
compound, and is similar to the report by Rahmawati et al.
(2012); Sazwi et al. (2013), and Kasim et al. (2015) in
gambier product. The catechin has been known well with
many functions, such as antioxidant and anti-cholesterol
(Zheng et al. 2020). Table 1 shows the active compounds
detected after screening GLB using ESI+ mode LC MS/MS
QTOF.

The results of chromatogram of the negative ionization
mode (ESI-) active compound screening (Figure 3) and
mass spectrum (Table 2) show 14 flavonoid group
compounds contained in GLB. This is lesser compared to
the positive ionization mode (ESI+) counterpart. This
difference is due to the different types of ions used (ESI+
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and ESI-), and is in accordance with the report by Zeng et
al. (2018), stating the compounds identified in active
compound screening using LC-MS/MS QTOF, was
influenced by the ions type used.

Meanwhile, in the ESI- mode, the highest compound
identified was quercetin 3-O-(6"-Acetyl-Galactoside) 7-O-
rhamnoside, with an area of 19.00%, appearing at 10.36
minutes, with a response of 35477 se (Figure 5). The
flavan-3-ol group of compounds is characteristic of the
main active compounds in gambier product, also present in
GLB as (-)-epigallocatechin. This appeared on the ESI-
mode LC-MS/MS QTOF screening, with an area of 1.26%,
at 4.72 minutes, and with a response of 2237 se (Table 2).
Table 2 shows the GLB flavonoid compounds found after
the ESI- mode LC-MS/MS QTOF screening.

In addition, nine active compounds were identified
using both the ESI+ and ESI- modes. These include
gallocatechin-4beta-Ol, quercetin-3-O-(2G-a-Lrhamnosyl)-
rutinoside, quercetin  3-glucoside, kaempferol-3-O-f-
rutinoside, quercetin-3-O-a-L-rhamnoside, epigallocatechin
3-O-P-coumarate, quercetin 3-O-(6"-acetyl-galactoside) 7-
O-rhamnoside, quercetin ~ 3-(4"-acetylrhamnoside) 7-
rhamnoside and (-)-epi-afzelechin. Table 1 showed the
respective area width in the ESI+ mode at 0.66, 3.60, 2.10,
4,73, 3.32, 2.16, 5.34, 3.20 and 6.24%, respectively.
Meanwhile, Table 2 shows the corresponding values for
ESI- at 2.53, 13.58, 8.56, 13.55, 7.55, 15.42, 19.00, 11.65
and 0.70%.

The area width of these nine compounds differed in the
ESI+ and ESI- mode, due to the difference in the ion used,
as described above. In the positive ion mode, there was an
additional proton (hydrogen ion) [M + H*], while in
negative ion mode, there was a loss of one proton [M - H*],
therefore, the results obtained were different. These results
were also in line with the reports by Ramakrishnan et al.
(2018) and Zeng et al. (2018), stating the difference in ions
used led to difference in the concentration and type of each
active compound identified.
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Figure 1. Screening of GLB functional groups using FTIR
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Figure 5. The chromatogram of screening of quercetin 3-O-(6"-acetyl-galactoside) 7-O-rhamnoside by ESI- mode of LC-MS/MS QTOF

In this study, some of active compounds appeared in
GLB also present in gambir (gambier product). These are
quercetin, (-)-epi-afzelechin, kaempferol, cyanidin 3,5-
diglucoside, and procyanidin as reported by Sazwi et al.
(2013) that these compounds are also present in gambier.
On the other hand, these active compounds also appeared
in the form of bonds with other compounds, such as
quercetin 3-glucoside which consists of quercetin and
glucoside. This compound appeared on the positive (ESI+)
and negative (ESI-) modes in the GLB. In addition,
Quercetin  3-rutinoside also consists of quercetin and
rutinoside, which was identified in the ESI+ mode only, at
8.02 minutes retention time. This binding reaction was
presumed because GLB was reused in the gambier boiling
process.

The GLB also presented two active compounds
confirmed to have gone undetected in the gambier. These
include first norcimifugin, which was further discovered by
LC-MS/MS QTOF screening with ESI+ mode at 5.92
minutes retention time, with an area width of 10.85%.
Second, oleoresin A was also detected by ESI+ mode at
8.28 minutes, with area width 2.71%. These active
compounds are presumably formed through the repeated
boiling process on GLB.

The active compounds were consequently identified as
flavonoids and were determined to function as antioxidants
due to the hydroxy group (OH") present. In addition, the
products possess the capacity to donate stabilized free
radicals (Cao et al. 1997); hence some have been utilized in
medicine. For instance, quercetin is adopted in anti-cancer
(Rauf et al. 2018), anti-bacterial (Jaisinghani 2017), anti-
oxidant and anti-inflammatory therapy (Lesjak et al. 2018).
Also, previous studies have shown the capacity to reduce
total serum cholesterol (Mathew et al. 2012) improves
immune system (Li et al. 2016), and possibly act as a
cardiovascular agent (Patel et al. 2018). Meanwhile,
gallocatechin-4beta-Ol, also known as the leucodelphinidin
component demonstrates some anti-diabetic properties
(Sharma et al. 2020) and reduces total serum cholesterol
(Mathew et al. 2012), while -(-)epi-afzelechin has an
inflammatory activity (Malik et al. 2018), and possibly
confers protection against bone loss (Wong et al. 2017). In

addition, cyanidin  3,5-diglucoside has anti-diabetic
properties (Yamane et al. 2019).

Based on FTIR and LC-MS/MS QTOF analysis results,
GLB was estimated to contain 27 active compounds,
included in the class of flavonoids, and some occur in the
gambier (gambier product). Therefore, GLB is a potential
raw material for the native medicine industry, and further
research is suggested in line with isolating the active

compounds.
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