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Abstract : Okra (Abelmoschus esculentus (L) Moench) is a common vegetable cultivated in warm climate regions. It is also a
valuable medicinal plant whose potential health benefits are related to the presence of phenolic compounds, e.g. flavonoids.
However, the published results concerning the most abundant flavonoids present in okra fruits are often inconsistent or disput-
able. Therefore, we have decided to perform the HPLC-MS analysis of okra fruit extract in order to identify the most abundant
flavonoid glycosides. The structures of the flavonoid glycosides have been mainly elucidated on the basis of m/z values and rel-
ative abundances of [M+/-H]+/- precursor ions and Y0/1

+/-, [Y0-H]−• product ions. We have identified five compounds, quercetin
3-O-glucoside and its four conjugates, which is consistent with part of the literature data, as discussed in details.
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Introduction

Okra (Abelmoschus esculentus (L) Moench) is a common

vegetable widely cultivated in warm climate zones. The

okra pods, due to their taste and nutritional values, are

ingredients of meals all over the world. It is also a valuable

medicinal plant showing various therapeutic activities.1-5 

It is clear that potential health benefits of okra consump-

tion are related to the presence of phenolic compounds, e.g.

flavonoids. However, the published data concerning the

most abundant flavonoids present in okra are often incon-

sistent or disputable. Recently, we have commented on the

MS identification of phenolic compounds (including flavo-

noids) by Wang et al.6 The identification of the disputable

compounds has been summarized in Table 5,7 and as an

erratum the authors have published the identical Table.8

We have found that the other papers concerning identifi-

cation of flavonoids in okra are also sometimes slightly

inconsistent or a little disputable in some issues, e.g. con-

cerning the compounds identification (e.g. rutin), detected

product ions, determined interglucosidic linkage (as dis-

cussed in details further in the text). Therefore, we have

decided to perform the high pressure liquid chromatogra-

phy-mass spectrometric analysis (HPLC-MS) of the okra

pods extract in order to identify the most abundant flavo-

noid glycosides.

Experimental

Commercially available dried okra pods have been

obtained from Samira sp. z o.o. Warsaw, Poland (country of

origin: Syria). Standards of quercetin, isorhamnetin, quer-

cetin-3-O-glucoside and rutin were obtained from Sigma-

Aldrich (Poznań, Poland).

A 2 g portion of dried okra pods (Abelmoschus esculen-

tus (L) Moench) was extracted with 10 mL of pure metha-

nol, the sample was shaken at 500 rpm for 30 minutes

(Vortex 3, IKA-Werke GmbH, Germany), sonicated and fil-

tered through syringe filters with a pore size of 0.45 μm

(Macherey-Nagel GmbH, Germany). Prior to the HPLC/

ESI-MS analysis, the sample was further diluted at 1:1 in

pure methanol (stored at 5oC). In order to perform

extraction and partial hydrolysis of the extracted com-

pounds simultaneously, a 5% methanolic solution of hydro-

chloric acid (30%, ultra-pure, Chem-Lab) was used instead

of pure methanol. The further procedure was the same as

above.
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The HPLC-MS analyses were performed using a Waters

model 2690 HPLC pump, a Waters SQD mass spectrometer

(single quadrupole type instrument equipped with electro-

spray ion source, Z-spray, Milford, MA, USA). The soft-

ware used was MassLynx V3.5 (Manchester, UK). Using

an autosampler, the sample solutions were injected onto the

XTerra® MS C18 column (5 μm, 150 mm × 3 mm i.d.).

The injection volume was 10 µL. The solutions were ana-

lyzed by using linear gradient of CH3CN-H2O with a flow

rate of 0.5 mL/min The gradient started from 0% CH3CN -

95% H2O with 5% of a 10% solution of formic acid in

water, reaching 95% CH3CN after 15 min, and the latter

concentration was maintained for 10 min. The ESI mass

spectra were recorded in the m/z range 100-1000, in posi-

tive and negative modes simultaneously (during the HPLC-

MS analyses the mass spectrometer was switched in the fast

mode between the positive and negative ion modes). The

ESI source potentials were as follows: capillary, 3 kV; lens,

0.5 V; extractor, 4 V; cone voltage (CV), 30, 50 or 100 V.

This parameter has the greatest impact on the full scan mass

spectra recorded. An increase in this parameter leads to the

so-called “in-source” fragmentation/dissociation. At CV =

30 V there was no fragmentation, at CV = 50 V the frag-

mentation of [M+H]+ ions occurred, at CV = 100 V the

fragmentation of [M-H]- ions occurred. The source tem-

perature was 120oC and the desolvation temperature was

300oC. Nitrogen was used as the nebulizing and desolvating

gas at flow rates of 100 and 300 L h−1, respectively.

The HPLC-HRMS analyses were performed in positive

ion mode using a UltiMateTM 3000 UHPLC system (Ther-

moScientific/Dionex) and Impact HD mass spectrometer

(QTOF type instrument equipped with electrospray ion

source; Bruker Daltonics). Using an autosampler, the sam-

ple solutions were injected onto the Kinetex C18 column

(100 × 2.10 mm i.d., 2.6 μm particle size; Phenomenex).

The used mobile phases were water with 0.1% of formic

acid (solvent A) and acetonitrile with 0.1% of formic acid

(solvent B). The used gradient is shown in Table 1.

The flow rate was 0.3 mL/min and the column tempera-

ture was maintained at 35oC. The instrument was operated

under the following optimized settings: end plate voltage

500 V, capillary voltage 3.6 kV; nebulizer pressure 1.5 bar;

dry gas (nitrogen) temperature 200oC; dry gas flow rate

8 L/min. The spectrometer was previously calibrated with

the standard tune mixture.

Results and Discussion

The obtained results of HPLC-MS analysis are summa-

rized in Scheme 1 and Table 1 (exemplary chromatograms

and mass spectra are shown in the supplementary material,

Figure S1-S7). The identified compounds (1-5) are querce-

tin 3-O-glucoside (isoquercitrin) and its four conjugates.

It has to be stressed that the obtained accurate values of

[M+H]+ ions (supplementary material, Figure S7) and m/z

of the detected product ions (Table 1), as well as the prod-

uct ion abundances, have fully confirmed the claimed struc-

tures. Furthermore, in the acidified extract, due to the

partial hydrolysis of flavonoid glycosides, two free agly-

cones were identified, namely quercetin and isorhamnetin

(Figure S5). Identification of aglycone was confirmed by

comparison of its retention times with those of the reference

standards, and by observation of characteristic product ions,

e.g. at m/z 151(-) for quercetin, and at m/z 300 ([M-H-CH3]
•

ion) for isorhamnetin.9 Our results indicate that okra is rich in

quercetin-3-O-glycosides, which has been confirmed by the

presence of [Y0]
 product ion at m/z 301, analogously as in the

other findings.10-12 However, quercetin-3-O-glycosides should

also yield abundant [Y0-H]• product ion at m/z 300,13-15 which,

to the best of our knowledge, has been mentioned only in the

paper by Panighel et al.16 Some of the papers contain data

which can be considered as typos that should not have been

made. For example, the exact m/z of rutin [Y0]
 product ion is

301.0354, whereas it has been reported the accurate value at m/

z 301.1387, which means unacceptable error 343 ppm.12

The low abundant product ion at m/z 463(-) confirmed

the (1 → 6) interglucosidic linkage in compound 1.17 If

compound 1 would contain (1 → 2) interglucosidic linkage

(quercetin-3-O-sophoroside) the abundant product ion at m/

z 445(-) should be observed.18 In most of the papers on okra

pods glycosides, the detection of quercetin 3-O-gentiobioside

((1 → 6) interglucosidic linkage) has been indicated, whereas

there are two papers in which the detection of quercetin-3-O-

sophoroside ((1 → 2) interglucosidic linkage) has been

claimed.19,20 In the abstract of the paper by Wang et al., there is

the name “5,7,3’,4’-tetrahydroxyflavonol-3-O-[β-D-

Table 1. The gradient used for HPLC-HRMS analyses

Time [min] A [%] B [%]

0 97 3

1 97 3

20 10 90

23 10 90

24 97 3

Scheme 1. Structures of the identified flavonoid glycosides (1-5).
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rhamnopyranosil-(1→2)]-β-D-glucopyranoside”, whereas in

the supplementary material of the paper by Wang et al.,

there is a different structure.19 Compound 1 also cannot be a

di-O-glucoside, since fragmentation pattern of di-O-glyco-

sides, in the negative ion mode, is completely different than

that of O-diglycosides.21 

The evident discrepancy between our results and a num-

ber of published results is the lack of rutin in our extract (of

course its presence in very low amount cannot be

excluded), since identification of rutin has been claimed in

many papers.11,12,22-26 On the other hand, we have identified

isorhamnetin glycoside, namely isorhamnetin-3-O-sam-

bubioside, which has an identical nominal molecular mass

as rutin, 610 amu (but of course rutin and isorhamnetin-3-

O-sambubioside have completely different fragmentation

patterns and slightly different retention times, Figures S1,

S6). There are a few papers in which the presence of isor-

hamnetin glycosides has been claimed in okra pods,7,10,27

however, to the best of our knowledge, there is no paper in

which the identification of both rutin and isorhamnetin gly-

coside has been claimed in one extract of okra pods. Wang

et al. have identified isorhamnetin-3-O-glucoside,7 Zhang

et al. have detected isorhamnetin glycoside (e.g. “isor-

hamnetin 3-O-glucose-7-O-xyloside”) in the pods of all 15

okra cultivars studied,27 and Arapitsas have identified “isor-

hamn 3-O-glu-pent” and this result is in full agreement with

our result.10 Whereas there is a number of papers reporting

that isorhamnetin conjugates have not been detected in okra

pods, e.g. that by Huang et al., which have not detected

isorhamnetin in the hydrolysed extracts of okra pods

collected from three different locations.28 Furthermore, Ara-

pitsas has found five flavonoid glycosides in okra skin,

which have been identical to those found in our finding.

Yang et al., who reported similar results to ours, found six

flavonoid glycosides in okra pods.11 Among them, the least

abundant (1% of the total amount) has been quercetin-7-O-

glucoside for which the authors have detected only [M-H]-

ion (no product ions), therefore its identification can be

questioned. Among the other compounds, Yang et al. have

claimed the rutin detection. Assuming that rutin has been

wrongly identified instead of isorhamnetin-3-O-sambubio-

side (e.g. due to the identical molecular masses of these

compounds), the compounds identified by Yang et al.,

would be the same as those in our work (Scheme 1). It is

also worth mentioning that isorhamnetin-3-O-glucoside has

the identical molecular mass as very rare quercetin-3-O-

Table 2. The results of HPLC-MS analysis obtained for flavonoid glycosides (1-5).

Compound
Rt

(min)

[M-H]

[M+H]+
Product ions (type)

1, Quercetin-3-O-gentiobioside 7.7

625

627

463 (Y1

–), 301 (Y0

–), 

300 ([Y0-H]–•)

465 (Y1

+), 303 (Y0

+)

2, Quercetin-3-O-sambubioside 8.0
595

597

301 (Y0

–), 300 ([Y0

-H]–•)

465 (Y1

+), 303 (Y0

+)

3, Isorhamnetin-3-O-sambubioside 8.3

609

611

315 (Y0

–), 314 ([Y0-H]–•),

300 ([Y0-CH3]
–•)

479 (Y1

+), 317 (Y0

+)

4, Quercetin-3-O-glucoside 8.5
463

465

301 (Y0

–), 300 ([Y0-H]–•)

303 (Y0

+)

5, 6''-O-Malonylisoquercitrin 8.7

549

551

505 ([M-H-CO2]
–), 

463 ([M-H-CO2-CH2CO]–), 

301 (Y0

–), 300 ([Y0-H]–•)

303 (Y0

+)

Figure 1. Relative chromatographic peak areas of [M-H] and [M+H]+ ions obtained in our work ((a) and (b), respectively).
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(4′′-O-methyl)-glucoside (they are isomers) claimed to be

present in okra fruit.29-31 Therefore, it is possible that isor-

hamnetin-3-O-glucoside has been mistaken for this rare

compound. It is worth adding that isorhamnetin-3-O-gluco-

side has been unambiguously identified in okra leaves.16

Taking into account the similarities between our results

and those obtained by Arapitsas for okra skin and by Yang

et al. for okra pods,10,12 we have compared the chromato-

graphic peak areas of [M+H]+ and [M-H]- ions obtained in

our work (they approximately reflect the relative abun-

dances of 1-5) with the abundances of compounds 1-5

determined by Arapitsas and by Yang et al.10,12 Figure 1

shows the calculated relative peak areas of 1-5 (expressed

as a percentage of the total peak area). The calculated rela-

tive abundances of 1-5 (expressed as a percent of the total

amount of 1-5) determined by Arapitsas are 29, 22, 4, 37

and those by Yang et al. are 52, 11, 2, 27, and 7 , respec-

tively. The only evident difference between our results and

those obtained by Arapitsas and by Yang et al. is the rela-

tively low abundance of quercetin-3-O-gentiobioside (1)

found in our work in comparison with its high abundance in

the works by Arapitsas and by Yang et al.10,12 On the other

hand, the relative abundances of compounds 2-5 can be

regarded as comparable.

Conclusions

Taking into account the consistency between our results

and those obtained by Arapitsas,10 by Yang et al.,12 as well

as by Zhang et al.,27 it is reasonable to suppose that com-

pounds 1-5 can be regarded as the most abundant flavonoid

glycosides present in okra pods, independently of okra ori-

gin. Since beside 3, the identified compounds are quercetin

glycosides, okra pods can be regarded as a rich source of

quercetin, an important flavonol which is a common ingre-

dient of nutraceutical and cosmeceutical products and

which has found a number of medicinal applications.32 Of

course, the occurrence of other flavonols cannot be

excluded, e.g. three of the 15 okra varieties tested by Zhang

et al., were found to contain low amount of kaempferol and

myricetin glycosides, therefore, the occurrence of kaemp-

ferol and myricetin glycosides in okra pods is also abso-

lutely possible.27 Furthermore, some structural changes

depending on okra cultivar also cannot be excluded e.g. 6''-

O-acetylisoquercitrin instead of 6''-O-malonylisoquercitrin

(the former has been found in okra seeds,33). 

Conflicts of interest

Authors declare no conflicts of interest.

Acknowledgements

This research was supported by the Ministry of Science

and Higher Education (0911/SBAD/2504).

Notes

†Electronic Supplementary Information (ESI) available:

supplementary material contains exemplary chromato-

grams and mass spectra, Figure S1-S7, See DOI: 10.5478/

MSL.2025.16.3.73

References

1. Abdel-Razek, M. A.; Abdelwahab, M. F.; Abdelmohsen,

U. R.; Hamed, A. N., RSC Adv. 2023, 13, 15280-15294.

https://doi.org/10.1039/D3RA01367G 

2. Bawa, S. H.; Badrie, N., Fruits, Veg., Herbs. Elsevier,

2016, pp. 365-409. https://doi.org/10.1016/B978-0-12-

802972-5.00018-4 

3. Durazzo, A.; Lucarini, M.; Novellino, E.; Souto, E. B.;

Daliu, P.; Santini, A., Molecules 2018, 24, 38. https://

doi.org/10.3390/molecules24010038 

4. Elkhalifa, A. E. O.; Alshammari, E.; Adnan, M.;

Alcantara, J. C.; Awadelkareem, A. M.; Eltoum, N. E.;

Mehmood, K.; Panda, B. P.; Ashraf, S. A., Molecules 2021,

26, 696. https://doi.org/10.3390/molecules26030696 

5. Liu, Y.; Qi, J.; Luo, J.; Qin, W.; Luo, Q.; Zhang, Q.; Wu,

D.; Lin, D.; Li, S.; Dong, H.; Chen, D.; Chen, H., Food

Rev. Int. 2021, 37, 67-90. https://doi.org/10.1080/

87559129.2019.1695833 

6. Stężycka, O.; Frańska, M., Food Chem. 2023, 414,

135729-135729.

7. Wang, X.; Liu, X.; Shi, N.; Zhang, Z.; Chen, Y.; Yan, M.;

Li, Y., Food Chem. 2023, 405, 134966. https://doi.org/

10.1016/j.foodchem.2022.134966 

8. Wang, X.; Liu, X.; Shi, N.; Zhang, Z.; Chen, Y.; Yan, M.;

Li, Y., Food Chem. 2023, 428, 135922. https://doi.org/

10.1016/j.foodchem.2023.135922 

9. Frański, R.; Beszterda-Buszczak, M., Antioxidants 2023,

12, 1226. https://doi.org/10.3390/antiox12061226

10. Arapitsas, P., Food Chem. 2008, 110, 1041-1045. https://

doi.org/10.1016/j.foodchem.2008.03.014 

11. D'Urso, G.; Napolitano, A.; Cannavacciuolo, C.; Masullo,

M.; Piacente, S., Food Funct. 2020, 11, 7856-7865.

https://doi.org/10.1039/D0FO00867B 

12. Yang, J.; Chen, X.; Rao, S.; Li, Y.; Zang, Y.; Zhu, B.,

Metabolites 2022, 12, 483. https://doi.org/10.3390/

metabo12060483 

13. Frański, R., Food Chem. 2024, 437, 137814. https://

doi.org/10.1016/j.foodchem.2023.137814 

14. March, R. E.; Lewars, E. G.; Stadey, C. J.; Miao, X. S.;

Zhao, X.; Metcalfe, C. D., Int. J. Mass Spectrom. 2006,

248, 61-85. https://doi.org/10.1016/j.ijms.2005.09.011 

15. Yang, W.-Z.; Qiao, X.; Bo, T.; Wang, Q.; Guo, D. A.; Ye,

M., Rapid Commun. Mass Spectrom. 2014, 28, 385-395.

https://doi.org/10.1002/rcm.6794 

16. Panighel, G.; Ferrarese, I.; Lupo, M. G.; Sut, S.;

Dall'Acqua, S.; Ferri, N., Food Chem.: Mol. Sci. 2022, 5,

100126. https://doi.org/10.1016/j.fochms.2022.100126 

17. Sánchez‐Rabaneda, F.; Jáuregui, O.; Lamuela‐Raventós,



HPLC-MS Identification of the Most Abundant Flavonoid Glycosides in the Pods of Abelmoschus esculentus

©Korean Society for Mass Spectrometry Mass Spectrom. Lett. 2025 Vol. 16, No. 3, 73–77 77

R. M.; Viladomat, F.; Bastida, J.; Codina, C., Rapid

Commun. Mass Spectrom. 2004, 18, 553-563. https://

doi.org/10.1002/rcm.1370 

18. Ferreres, F.; Llorach, R.; Gil‐Izquierdo, A., J. Mass

Spectrom. 2004, 39, 312-321. https://doi.org/10.1002/

jms.586 

19. Wang, R.; Liu, Q.; Wu, Z.; Wang, M.; Chen, X., J. Sep.

Sci. 2016, 39, 3983-3989. https://doi.org/10.1002/

jssc.201600617 

20. Zeng, H.; Liu, Q.; Yu, J.; Wang, M.; Chen, M.; Wang, R.;

He, X.; Gao, M.; Chen, X., J. Sep. Sci. 2015, 38, 3897-

3904. https://doi.org/10.1002/jssc.201500824 

21. Ablajan, K.; Abliz, Z.; Shang, X. Y.; He, J. M.; Zhang, R.

P.; Shi, J. G., J. Mass Spectrom. 2006, 41, 352-360. https:/

/doi.org/10.1002/jms.995

22. Cui, Y.; Wu, J.; Chen, Y.; Ji, F.; Li, X.; Yang, J.; Hong, S.-

B.; Zhu, Z.; Zang, Y., Food Chem. 2023, 418, 135953.

https://doi.org/10.1016/j.foodchem.2023.135953 

23. Shen, D.-D.; Li, X.; Qin, Y.-L.; Li, M.-T.; Han, Q.-H.;

Zhou, J.; Lin, S.; Zhao, L.; Zhang, Q.; Qin W.; Wu, D.-T.,

J. Food Sci. Technol. 2019, 56, 1275-1286. https://

doi.org/10.1007/s13197-019-03592-1 

24. Tongjaroenbuangam, W.; Ruksee, N.; Chantiratikul, P.;

Pakdeenarong, N.; Kongbuntad, W.; Govitrapong, P.,

Neurochem. Int. 2011, 59, 677-685. https://doi.org/

10.1016/j.neuint.2011.06.014 

25. Wu, D. T.; Nie, X. R.; Shen, D. D.; Li, H. Y.; Zhao, L.;

Zhang, Q.; Lin, D.-R.; Qin, W., Molecules 2020, 25,

1276. https://doi.org/10.3390/molecules25061276 

26. Yan, T.; Liu, B.; Wang, N.; Liao, Z.; Wu, B.; He, B.; Jia,

Y., Exp. Gerontol. 2021, 147, 111263. https://doi.org/

10.1016/j.exger.2021.111263 

27. Zhang, Y.; Zhang, T.; Zhao, Q.; Xie, X.; Li, Y.; Chen, Q.;

Cheng, F.; Tian, J.; Gu, H.; Huang, J., Foods 2021, 10,

2180. https://doi.org/10.3390/foods10092180 

28. Huang, Z.; Wang, B.; Eaves, D. H.; Shikany, J. M.; Pace,

R. D., Food Chem. 2007, 103, 1395-1402. https://doi.org/

10.1016/j.foodchem.2006.10.077 

29. Liao, H.; Liu, H.; Yuan, K., Pharmacogn. Mag. 2012, 8,

12-15. https://doi.org/10.4103/0973-1296.93303 

30. Lin, Y.; Lu, M. F.; Liao, H. B.; Li, Y. X.; Han, W.; Yuan,

K., Pharmacogn. Mag. 2014, 10, 278-284. https://doi.org/

10.4103/0973-1296.137368 

31. Luo, Y.; Cui, H. X.; Jia, A.; Jia, S. S.; & Yuan, K., Oxid.

Med. Cell Longev. 2018, 2018, 8987173. https://doi.org/

10.1155/2018/8987173 

32. Baqer, S. H.; Al-Shawi, S. G.; Al-Younis, Z. K., Front.

Biosci. - Elite 2024, 16, 30. https://doi.org/10.31083/

j.fbe1603030 

33. Xia, F.; Li, C.; Li, M.; Liao, Y.; Liu, X.; Si, J.; Chang, Q.;

Pan, R., RSC Adv. 2018, 8, 32814-32822. https://doi.org/

10.1039/C8RA03201G


