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A B S T R A C T

Autofluorescence, an intrinsic property of biological molecules that emit light upon excitation, is gaining sig
nificance as a noninvasive technique for studying plant-derived bioactive compounds. This phenomenon enables 
detection of biomolecules such as chlorophyll, lignin, flavonoids, and alkaloids without requiring external dyes 
or destructive extraction processes. Intrinsic fluorescence can also aid in detecting and identifying biomolecules 
that typically require extensive sample preparation (molecule labelling with external fluorophores), eliminating 
the need for external probes. The present study aims to report the intrinsic autofluorescence in the Moringa 
Oleifera plant, highlighting its potential to enhance noninvasive bioactive compound identification and quality 
assessment in plant-based products.

1. Introduction

Autofluorescence, the natural emission of light by biological mole
cules upon excitation, has recently emerged as a useful plant-based 
pharmaceutical characterization tool. It can sometimes interfere with 
conventional fluorescence labeling techniques, but it can offer a 
noninvasive, label-free method for analyzing plant tissues and identi
fying bioactive compounds. Various plant biomolecules, including 
chlorophyll, lignin, phenols, flavins, quinones, alkaloids, and terpe
noids, alongside proteins and polypeptides, can contribute to auto
fluorescence, emitting light in distinct spectral regions. This enable 
spectral imaging and compound differentiation based on unique fluo
rescence signatures [21].

Moringa Oleifera, which is widely recognized for its reported nutri
tional and medicinal properties, contains a diverse array of bioactive 
compounds that can contribute to fluorescence [20]. Polyphenols and 
flavonoids in Moringa leaves and seeds, isothiocyanates and glucosi
nolates [25], as well as proteins, peptides, and phytosterols [17] in its 
seeds, all exhibit varying degrees of fluorescence. Additionally, these 
compounds may contribute to Moringa’s reported health benefits—such 
as antioxidant, anti-inflammatory, and neuroprotective effects [8–10].

Analysis of autofluorescence at multiple excitation wavelengths, 
generates color-coded fluorescence images that can map bioactive 
compounds across different plant tissues [16]. This technique enhances 

spectral separation, allowing for more precise identification of phyto
chemicals while minimizing the need for destructive extraction 
methods. In pharmaceutical research and quality control, fluorescence 
imaging can be used to monitor the composition of Moringa-derived 
supplements. Autofluorescence-based detection methods may thus 
offer new insights into the bioavailability and metabolic pathways of 
Moringa compounds in potential medical, cosmetic or food applications 
[6].

Plant autofluorescence remains under explored in Moringa Oleifera. A 
deeper understanding of these properties could lead to improved 
methods for characterizing its bioactive compounds.

2. Methodology

2.1. Preparation of Moringa Oleifera (MO) seed extract

The extraction of Moringa Oleifera (MO) seed components was car
ried out using Moringa Oleifera seed powder from Indian origin and it 
involved two-step procedure. In the first step, MO seed powder (50 % w/ 
v) was mixed with Milli-Q water in a centrifuge tube and stirred at 80 
rpm for 24 h using an IKA Trayster digital stirrer (IKA Werke GmbH & 
Co. KG, Staufen, Germany). The mixture was then filtered through a 0.2 
mm Nalgene filtration unit (Thermo Scientific) connected to a Membran 
vacuum pump (Vacuubrand GmbH +CO KG, Wertheim, Germany). 
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After filtration, the pH of the filtrate was adjusted to 9 using a Metrohm 
pH meter (Mettler Toledo, USA). The samples were stored at − 25 ◦C 
overnight in a Liebherr refrigerator (Liebherr, Bulle, Switzerland), after 
which they were freeze-dried for five days using a Labconco Freezone 
dryer (Labconco, Missouri, USA). The freeze-dried samples were later re- 
dispersed in buffer at pH 9 for further analysis.

Adjusting the pH of Moringa Oleifera seed particles from their original 
acidic pH (~3) to an alkaline pH (~9) enhances their functional per
formance. At alkaline pH, increased protein solubility, reduced particle 
aggregation, and improved surface charge stability are observed, lead
ing to better dispersion and bioavailability. This pH shift also activates 
phenolic and carboxyl groups, enhancing reactivity for applications such 
as coagulation, biosorption, and antioxidant activity. In contrast, acidic 
conditions promote aggregation and limit functionality, making pH 9 
more favorable for diverse applications involving Moringa Oleifera [22].

2.2. Confocal microscopy

MO seed extract at pH 9 was observed by Zeiss® LSM 710 confocal 
laser scanning microscopy (Jena, Germany) equipped with a Zeiss AXIO 
Examiner Z1 inverted microscope with 63 × 1.4 DIC water immersion 
lens (Zeiss Plan-apochromat). Samples were auto-fluorescent and 
excited at a wavelength of 488 nm, and the emission range was from 499 
to 629 nm. Images were acquired using Zeiss Zen software and analyzed 
using Fiji-ImageJ software. The histogram obtained represents emission 
spectra.

2.3. Amino acid profiling

The analysis was performed as triple determination; 30 mg of solid 
sample is weighed in a 4 mL glass vial using the appropriate vials for 
hydrolysis. The weight was recorded to four decimal digits. 1 ml of 6 M 
HCl was added, covered with nitrogen, seal, and hydrolyzed in a heating 
cabinet. Samples are heated at 110 ◦C for 18 h, then cooled before 
filtration. pH was adjusted by adding 1.5 ml of 0.2 M KOH and 1.6 ml 
buffer and transfer 1 ml for Agilent HPLC 1100 instrument (Santa Clara, 
CA, USA) coupled with an Agilent ion trap mass spectrometer. Amino 
acids were identified based on retention time and mass spectra from 
external standards. Calibration curves were prepared and measured by 
HPLC-MS.

Samples and standards were analysed using a mobile phase consist
ing of 10 mM Ammoniumformiate and acetonitrile(A) and 10 mM 
Ammoniumformate in water (W); flow rate is 0.5mL/min and injection 

volume is 1 mL at different gradients.

3. Result and discussion

3.1. Confocal imaging

Fig. 1 illustrates the natural fluorescence exhibited by Moringa 
Oleifera (MO) seed extract, demonstrating that it contains compounds 
capable of emitting light without the need for external fluorophores or 
dyes. The fluorescence is bright enough to stand out from the back
ground and spans a broad range of wavelengths. The emission appears in 
a particulate or aggregated pattern, suggesting the presence of fluores
cent biomolecules that may be forming clusters. The intensity and dis
tribution of fluorescence provide insight into how the extract disperses 
in the solvent. It must be noted that the buffer used as the solvent does 
not exhibit any fluorescence under the same imaging conditions, con
firming that the observed emission originates solely from the MO seed 
extract.

The dominant green fluorescence hints at the presence of naturally 
occurring fluorophores such as flavonoids and phenolic compounds. 
Flavonoids like quercetin and kaempferol are known to fluoresce when 
excited in the visible range, though their emission characteristics can 
shift depending on factors such as solvent polarity and pH. Additionally, 
if residual chlorophyll is present, it may contribute weak fluorescence in 
the green region. Given that these compounds are well-documented 
constituents of MO, they likely play a role in the extract’s intrinsic 
fluorescence [18].

Previous studies have reported fluorescence in Moringa leaf extracts, 
with one study identifying a broad emission peak around 530 nm. This 
blue-green fluorescence was attributed to aromatic compounds such as 
polyphenols, coenzymes, and alkaloids [7]. Additionally, other research 
indicates that fluorophores like lignin and flavonoids can be excited at 
488 nm, emitting within the 500–700 nm range. Similarly, tannins 
exhibit fluorescence when excited at 488 nm, with emission spanning 
490–700 nm, while coumarins fluoresce between 500 and 600 nm when 
excited in the 400–500 nm range [3]. Another key class of natural flu
orophores includes cofactors, with NADH (reduced β-nicotinamide 
adenine dinucleotide) being one of the most prominent contributors to 
biological fluorescence [15].

Broadband emission has been observed across nearly all amino acid 
and protein samples. The persistence of broad emission spectra confirms 
the presence of multiple fluorophores. However, this broad emission 
may limit the specificity needed for precise fluorophore identification 

Fig. 1. Confocal images of Moringa Oleifera seed extract.
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[23]. Emission in this region could also be dependent on various other 
fluorophores, such as Quinine, Suberin, Flavonoids (emitting in 
400–600 nm), Ferulate (450–650 nm), Kaempherol (500–800 nm), 
Stilbenes (490–700 nm), Riboflavins (480/540 nm) which are present in 
plants. The blue-green fluorescence (450–600 nm) is mainly derived 
from aromatic compounds in the leaf epidermis or seeds, such as poly
phenols, coenzymes, and alkaloids, with specific examples including 
flavonoids (e.g., quercetin and rutin) and phenolic acids [6,7].

The most relevant fluorescence features identified in this study were 
emissions in the ranges of 480–640 nm as seen in Fig. 2. These bands 
were primarily associated with amino acids, phenolic compounds, and 
oxidation products, as well as pigments that contribute to the fluores
cence signature of natural extracts. This broad spectral response un
derscores the complexity of MO seed extract fluorescence and highlights 
the need for further investigation into the specific compounds respon
sible [19].

The emission intensity is not a reliable parameter for identification, 
as it fluctuates within the sample. Factors such as excitation power, 
background fluorescence, and sample concentration can influence in
tensity, making it unsuitable for quantitative identification [23].

3.2. Amino acid profile

In addition to plant-based fluorophores, aromatic amino acid
s—namely tryptophan (Trp), tyrosine (Tyr), and phenylalanine (Phe)— 
are known to contribute to the intrinsic luminescence of proteins and 
peptides. However, the exact mechanisms underlying their fluorescence, 
particularly their contribution to unusual blue emission, remain unre
solved [5].

Amino acid profiling was made using mass spectrophotometer as 
described above in the methodology section, on MO seed extract at pH 9 
along with original MO seed powder, shown in Table 1. The values are 
given in mg/g of the sample, with a comparison to FAO/WHO reference 
values for essential amino acids. These data are relevant for the intrinsic 
fluorescence of MO seed extract, as several amino acids especially aro
matic ones contribute to fluorescence. Among the aromatic amino acids 
that could be fluorescence contributors, tryptophan was not detected, 
while the phenylalanine and tyrosine were present and increased with 
pH change. This can contribute to the overall emission profile.

Other non-aromatic amino acids such as histidine, proline and 
glycine also increase with pH and though its not a fluorophore in itself, it 
can interact with other compounds which can influence fluorescence 
indirectly [24]. Even if free aromatic acids do not fluoresce at this 
excitation, their interaction with flavins, phenolics can contribute to the 
intrinsic green fluorescence. Free amino groups can react with phenolic 

compounds to form Schiff bases or quinonoid structures, these com
pounds exhibit redshift fluorescence, emitting in green region [4]. The 
interaction of amino acids with sugars can lead to AGE (Advanced 
Glycation End) products, which exhibit green-yellow fluorescence 
especially in protein rich plants [1]. Phenylalanine can form complexes 
with polyphenols, which may shift their fluorescence to longer wave
lengths. Tyrosine when complexed with flavins or phenolics can 
participate in electron transfer and fluoresce at higher wavelengths 
[13]. Cysteine forms disulfide bonds and interacts with quinonoid 
structures, which may enhance fluorescence [11]. Histidine and lysine 
contain amine groups that can form Schiff bases with phenolics or fla
vins [2]. Arginine has a highly reactive guanidine group which can bind 
to flavins to enhance fluorescence [12]. These interactions may lead to a 
red-shift fluorescence, explaining why green fluorescence is observed. 
Also at higher pH, amino acids can alter the electron exchange of flavins 
and polyphenols, possibly shifting their fluorescence to longer wave
lengths, which could be the case in this extract at pH 9. Endogenous 
fluorophores, such as carbonyls, also serve as the main molecular 
components responsible for fluorescence in amino acids. These 
carbonyl-based emitters can generate bright, well-defined spots with 
high emission counts [23].

4. Conclusion

Moringa Oleifera (MO) seed extract shows intrinsic fluorescence that 
could be influenced by tyrosine and phenylalanine, along with naturally 
occurring fluorophores such as flavonoids and phenolics. The significant 
increase in amino acid concentration at pH 9 suggests that the extraction 
process enhances the availability of these biomolecules, which may 
contribute to the broad fluorescence emission observed. Further 
research is needed to precisely identify the fluorophores responsible for 
MO extract fluorescence, for enabling its potential use in future 
applications.
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Table 1 
Amino acid composition of Moringa Oleifera seed and extract at pH 9 obtained 
from mass spectrophotometry.

AMINO ACIDS (mg/g 
sample)

Original seeds ±
Standard 
deviation

MO extract at pH 9 
± Standard 
deviation

FAO/ 
WHO ref 
[14]

Essential amino acids ​ ​ ​
Lysine 3.4 ± 0.1 2.9 ± 0.2 4.2
Threonine 5.7 ± 0.4 9.3 ± 0.3 2.8
Valine 9.3 ± 0.4 16.3 ± 0.5 4.2
Methionine 2.4 ± 0.3 6.6 ± 0.4 2.2
Isoleucine 5.8 ± 0.2 11.1 ± 0.2 4.2
Leucine 10.8 ± 0.4 19.8 ± 0.2 4.2
Phenylalanine 6.7 ± 0.2 10.9 ± 0.2 2.8
Tryptophan ND ND ND
Conditionally 

essential amino 
acids

​ ​ ​

Proline 14.7 ± 0.4 27.3 ± 0.5 ​
Glycine 13.1 ± 0.3 24.5 ± 1.1 ​
Arginine 32.2 ± 2.3 86.3 ± 2.3 ​
Cysteine 4.2 ± 0.7 17.4 ± 1.5 ​
Tyrosine 3.7 ± 0.3 5.3 ± 1.0 ​
Histidine 3.0 ± 0.3 6.0 ± 0.7 2.1
Non-essential amino 

acids
​ ​ ​

Alanine 9.9 ± 0.3 18.2 ± 0.2 ​
Aspartic acid 14.8 ± 0.1 19.5 ± 0.8 ​
Serine 9.5 ± 0.4 16.4 ± 0.6 ​
Glutamic acid 51.9 ± 1.5 110.1 ± 3.1 ​

N. Azmi et al.                                                                                                                                                                                                                                    Talanta Open 12 (2025) 100500 

3 



Writing – review & editing, Data curation. Bruno Telli Ceccato: Writing 
– review & editing, Data curation. Rasmus Kranold Mikkelsen: 
Writing – review & editing, Methodology, Formal analysis. Jon Otto 
Fossum: Writing – review & editing, Supervision, Funding acquisition, 
Conceptualization.

Declaration of competing interest

The authors declare no conflict of interest.

Acknowledgements

Acknowledgment: This work received funding from Norwegian 
University of Science and Technology (NTNU). The authors would also 
like to thank Inge Houlberg Holmberg for performing the amino acid 
composition analysis at DTU.

Data availability

Data will be made available on request.

References

[1] N. Billinton, A.W. Knight, Seeing the wood through the trees: a review of 
techniques for distinguishing green fluorescent protein from endogenous 
autofluorescence, Anal. Biochem. 291 (2) (2001) 175–197, https://doi.org/ 
10.1006/abio.2000.5006. Academic Press Inc.

[2] J.B. Broderick, Coenzymes and cofactors. www.els.net, 2001.
[3] A.C. Croce, Light and autofluorescence, multitasking features in living organisms, 

Photochem 1 (2) (2021) 67–124, https://doi.org/10.3390/photochem1020007. 
Multidisciplinary Digital Publishing Institute (MDPI).

[4] P.P. Dash, A.K. Ghosh, P. Mohanty, R. Behura, S. Behera, B.R. Jali, S.K. Sahoo, 
Advances on fluorescence chemosensors for selective detection of water, Talanta 
275 (2024), https://doi.org/10.1016/j.talanta.2024.126089. Elsevier B.V.

[5] S.K. De, A. Maity, A. Chakraborty, Underlying mechanisms for the modulation of 
self-assembly and the intrinsic fluorescent properties of amino acid-functionalized 
gold nanoparticles, Langmuir 37 (16) (2021) 5022–5033, https://doi.org/ 
10.1021/acs.langmuir.1c00431.

[6] L. Donaldson, Autofluorescence in plants, Molecules 25 (10) (2020), https://doi. 
org/10.3390/molecules25102393. MDPI AG.

[7] M.M. Dzagli, K.K. Sossoe, K.S. Gadedjisso-Tossou, M.A. Mohou, S. Boca, S. Astilean, 
J. Zoueu, Spectroscopic studies on extracts of Moringa oleifera leaves for 
biosensing: adsorption of gold nanospheres on chloroplasts, ISESCO J. Sci. Technol. 
12 (2001) 33–37.

[8] K. Gharsallah, L. Rezig, F. B’chir, S. Bourgou, N.Ben Achour, C. Jlassi, T. Soltani, 
A. Chalh, Composition and characterization of cold pressed moringa oleifera seed 
oil, J. Oleo Sci. 71 (9) (2022) 1263–1273, https://doi.org/10.5650/jos.ess22095.

[9] K. Gharsallah, L. Rezig, K. Msaada, A. Chalh, T. Soltani, Chemical compositionand 
profile characterization of moringa oleifera seed oil, S. Afr. J. Bot. 137 (2021) 
475–482, https://doi.org/10.1016/j.sajb.2020.11.014.

[10] K. Gharsallah, L. Rezig, M.S.R. Rajoka, H.M. Mehwish, M.A. Ali, S.C. Chew, 
Moringa oleifera: processing, phytochemical composition, and industrial 
application, S. Afr. J. Bot. 160 (2023) 180–193, https://doi.org/10.1016/j. 
sajb.2023.07.008. Elsevier B.V.

[11] W. Hao, A. McBride, S. McBride, J.P. Gao, Z.Y. Wang, Colorimetric and near- 
infrared fluorescence turn-on molecular probe for direct and highly selective 
detection of cysteine in human plasma, J. Mater. Chem. 21 (4) (2011) 1040–1048, 
https://doi.org/10.1039/c0jm02497j.

[12] A. Hassan-Abdallah, G. Zhao, Z.W. Chen, F.S. Mathews, M.S. Jorns, Arginine 49 is a 
bifunctional residue important in catalysis and biosynthesis of monomeric 
sarcosine oxidase: a context-sensitive model for the electrostatic impact of arginine 
to lysine mutations, Biochemistry 47 (9) (2008) 2913–2922, https://doi.org/ 
10.1021/bi702351v.

[13] Heelis, P.F. (1982). The photophysical and photochemical properties of flavins 
(Isoalloxazines).

[14] O.S. Ijarotimi, O.A. Adeoti, O. Ariyo, Comparative study on nutrient composition, 
phytochemical, and functional characteristics of raw, germinated, and fermented 
Moringa oleifera seed flour, Food Sci. Nutr. 1 (6) (2013) 452–463, https://doi.org/ 
10.1002/fsn3.70.

[15] A.S. Ladokhin, Fluorescence spectroscopy in peptide and protein analysis, in: 
FLUORESCENCE SPECTROSCOPY IN PEPTIDE AND PROTEIN ANALYSIS, 2000.

[16] J. Liu, G. Ma, Y. Wang, Y. Zhang, Moringa oleifera leaf flavonoids protect bovine 
mammary epithelial cells from hydrogen peroxide-induced oxidative stress in vitro, 
Reprod. Domest. Anim. 55 (6) (2020) 711–719, https://doi.org/10.1111/ 
rda.13670.

[17] J.N. Mogaka, P.M. Owuor, S. Odhiambo, C. Waterman, M.K. McGuire, G.J. Fuchs, 
S.L. Attia, Investigating the impact of Moringa oleifera supplemented to Kenyan 
breastfeeding mothers on maternal and infant health: a cluster randomized single- 
blinded controlled pilot trial protocol, JPGN Rep. 3 (3) (2022) e237, https://doi. 
org/10.1097/pg9.0000000000000237.

[18] S. Mohammed, F.A. Manan, Analysis of total phenolics, tannins and flavonoids 
from Moringa oleifera seed extract, Available Online, J. Chem. Pharm. Res. 7 (1) 
(2015) 132–135, www.jocpr.com.
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