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Abstract: The comparative investigations between ripe and raw papaya fruit pulp, peel and seeds extracts were done including qualitative 
analysis of bioactive components, morphological analysis and element profile. Alkaloids, polyphenols, tannins and flavonoids were examined 
in all the papaya samples. Mid-infrared spectroscopy revealed a wide range of functional groups linked with phytocompounds belonging to 
diverse types of organic chemicals, including alkaloids, polyphenols, amino acids, sulphur, and nitrogen compounds. X-ray diffraction patterns 
of both ripe and raw pulp extracts showed their amorphous nature. Peel extract of ripe papaya and seed extracts of both ripe and raw papaya 
showed crystalline nature. Further, the microscopic analysis at 1000X magnification showed reduced tissue integrity in ripe papaya tissues. 
Additionally, the higher percentage of sodium, phosphorus and potassium were observed in raw papaya pulp. On the contrary, magnesium 
and sulphur were found in higher concentrations in ripe papaya pulp.
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The  is one of the plants with great human Carica papaya  

health attributes. Although, it is native to Southern Mexico 

and Central America, it is a popular crop grown all over the 

world in majorly in tropical and sub-tropical climates. India is 

the largest producers of papaya followed by Dominican 

Republic and Mexico. According to Food and Agriculture 

Organization (FAO), 13.8 million metric tonnes was total 

annual production of papaya in the world in year 2022 and 

India alone contributed approx. 38% of the total world 

production (FAOSTAT, 2024). Papaya fruit contains 

substantial amounts of vitamins (A, B-complex, C, E and K), 

minerals, carbohydrates, dietary fiber, lipids and other 

bioactive phytocomponents. The vitamins-A, C and K 

provide the fruit excellent antioxidant properties (Nayak et al., 

2007, Aravind et al., 2013). Papaya seeds contain phenolic 

compounds such as glucosinolates, cryptoxanthin 

carotenoids and isothiocyanates and among fatty acids oleic 

acid, palmitic acid, linoleic acid are the major  constituents 

(Kermanshai et al., 2001, van Breemen and Pajkovic 2008). 

The leaves are rich in dietary fiber, polyphenols including, 

flavonoids, tannins, saponins, anthocyanins and 

isothiocyanates (Vuong et al., 2013). Besides these key 

elements, papaya also contains papain a proteolytic enzyme 

that helps in digestion, treatment of traumatized tissues, 

sport injuries and allergies (Vij and Prashar 2015). Some 

studies have also investigated the presence of other 

industrially important proteolytic enzymes such as 

chymopapain that also possess anti-viral, antibacterial, 

antifungal, anti-malarial (Bhat and Surolia 2001, Vij and 

Prashar 2015). The parts of the whole  plant Carica papaya

such as leaves, roots, fruits, stem and seeds contain 

important bioactive phytocompounds which may exert 

various therapeutic effects and can be used as biomedicines. 

The present study aims to characterize the various parts of 

papaya fruits including, pulp, peel and seeds of both raw and 

ripened forms. In addition to the biochemical analysis, 

microscopic and spectroscopic analysis including mid-

infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and 

energy dispersive X-ray spectroscopy (EDS) were also 

performed. With a particular emphasis on spectroscopic and 

microscopic features, the work offers insights on biochemical 

paradigms that could be useful for future research.

MATERIAL AND METHODS

Fruit collection and extract preparation: Ripe and raw 

papaya fruits were collected from the local market (26 46´N, o

80 55´E), peeled off and sliced into smaller pieces and kept o

for drying. The dried papaya pulp slices were then ground 

with mortar and pestle to prepare fine powder and stored. 20 

grams of air-dried powders of ripe and raw papaya fruits were 

soaked in 200 mL of 80% methanol solution (v/v). The 

prepared suspensions were then homogenized and 

sonicated (LABMAN Probe Sonicator PRO650) so that most 

of the phytocompounds can be extracted in the solvent. The 

prepared suspensions were then kept for 72 hours in shaking 

incubator for the proper extraction of phytocompounds into 

the solvent. After 72 hours the prepared suspensions were 

filtered using grade 1 Whatman qualitative filter papers and 



collected the filtrates in fresh vessel. The collected filtrates 

were then subjected to evaporation in a rotary vacuum 

evaporator. Then dried extracts were collected and stored at -

20 C for further analyses (More and Makola 2020). o

Qualitative tests for the presence of bioactive 

components: The presence of alkaloids, tannins, flavonoids 

and phenols in the prepared papaya extracts was determined 

by previously described methods (Ugochukwu et al., 2013, 

Auwal et al., 2014, Ramya et al., 2015, Pena et al., 2023). 

The presence of glycosides, steroids and proteins was 

determined by using previously described methods 

(Chaudhary et al., 2010).

Evaluation of functional groups through Fourier 

transform infrared (FT-IR) spectroscopy: Determination 

of the nature of chemical bonds and probable functional 

groups that may in turn corelate to the probable 

phytocompounds/secondary metabolites in PFEs was done 

by Fourier transform infrared FT-IR spectroscopic analysis. 

Each powdered extract was independently mixed with 

potassium bromide (KBr in 1:10 ratio) in mortar and pestle 

and gently macerated. The mixtures were then palleted by 

using a hydraulic press. The translucent pallets were used to 

read and record the absorption spectra in mid infra-red region 

from wave number 4000-400 cm  (Sharif et al., 2022) (Model: -1

Nicolet TM 6700, Thermo Fisher Scientific, USA).

Assessment of X-ray diffraction patterns: X-ray diffraction 

patterns were analysed to determine the amorphous or 

crystalline nature of the papaya samples. X-ray 

diffractometer (Bruker, D8 Advance Eco, Germany) was 

used to analyse the samples. The samples were measured 

between 10  and 50  angles (2 ) with 0.02  step size. The o o oθ

papaya samples were analysed at a rate of 1 step/second.

Scanning electron microscopic (SEM) examination and 

energy dispersive X-ray diffraction analysis: For the 

morphological and elemental analysis, scanning electron 

microscopy (SEM) and energy dispersive X-ray 

spectroscopy (EDS) were performed respectively. For 

sample preparation, fresh ripe and raw papaya fruits were 

washed, peeled off and sliced. The fresh papaya peels and 

pulps were cut into smaller pieces. For SEM and EDS 

analysis, the smaller slices of papaya pulp, peel and seeds 

were dipped into 2.5% glutaraldehyde solution and kept at 

4 C for primary fixation, for at ~5 hours. Then to remove the o

primary fixative, the slices were washed thrice with 0.1M 

phosphate buffer for 15 minutes each at 4 C. Further the o

slices were dipped in 1% osmium tetrachloride solution for 2 

hours. Again, washed with 0.1M phosphate buffer thrice (15 

minutes each). The thin papaya flesh and peel slices were 

then sequentially dehydrated by dipping in 30, 50, 70, 90 and  

95% (v/v) and absolute acetone for 30 minutes in each of the 

given concentration of acetone (Rizvi et al., 2024). The 

prepared dehydrated slices were then mounted on black 

carbon tape on aluminium stubs and kept in vacuum 

desiccator for further dehydration. The prepared slices were 

then kept in sputter coater for coating with platinum to make 

the samples conductive (Auto Fine Coater, JFC 1600, JEOL, 

Japan). Papaya peels and pulps were visualized by scanning 

electron microscope (JEOL JSM 6490 LV, Tokyo, Japan) at 

1000X magnification.

RESULTS AND DISCUSSION

Biochemical components: Alkaloids, tannins, proteins, 

flavonoids and phenols were identified in pulp, peels and 

seeds of both ripe and raw papaya fruit. Glycosides were 

observed in every part of ripe papaya but in case of raw 

papaya fruit glycosides were only in peels. Terpenoids were 

in both ripe and raw papaya fruits except raw papaya peels. 

Plant based bioactive compounds have great biochemical 

significance including various medicinalproperties. Alkaloids, 

tannins, terpenes, flavonoids, phenols and glycosides 

possess various health benefits and therapeutic effects 

against critical diseases (Table 1).

Annotation of Fourier transform infrared (FT-IR) peaks: 

Absorbance of the papaya samples were measured and all 

potent peaks were labelled (Fig. a-c). In ripe papaya pulp, 

peel and seeds 11, 11 and 12 peaks were observed in mid-

infrared region respectively. In raw papaya pulp, peel and 

seeds exhibited 10, 9 and 10 significant peaks respectively in 

mid-infrared region (Table 2). The functional groups were 

assigned to all detected FT-IR peaks corresponding to the 

range they fell in (AM 2014, Singh et al. 2022). Most of the 

spectral peaks of both ripe and rawpapaya samples were 

falling in the same spectral ranges but with different 

absorption intensities. The most prominent peaks of both ripe 

and rawpapaya fruit samples were falling in 3550-3200 cm  -1

range indicating O-H stretch and in turn the presence of 

alcohols or phenols. Each of the papaya sample was 

observed to have at least one spectral peak in 3300-2500 

and 3000-2800 range indicating the presence of O-H stretch 

of carboxylic acid and N-H stretch of amine salts respectively. 

These ranges might be indicating the presence of amino 

acids in all the papaya samples. Peaks observed between 

2000-1650 and 1750-1735 cm  corresponded to the -1

tentative presence of aromatic compounds and esters 

respectively. Between 1550-1500 cm , 1543.3 was the only -1

peak in ripe papaya seeds which was corresponding to the 

presence of nitro compounds in the seeds. In range 1662-

1626, 1650-1600 and 1650-1566cm alkenes, conjugated -1 

alkene and cyclic alkenes were predicted, respectively. 

Carboxylic acids and alcohols were further predicted in 1440-
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Bioactive components Ripe papaya Raw papaya Biochemical activities

Pulp Peel Seed Pulp Peel Seed

Alkaloids + + + + + + Cardioprotective, anti-inflammatory, anti-cancerous 
(Heinrich et al., 2021) 

Glycosides + + + - + - Cardioprotective, antithrombotic, analgesic, antidiabetic 
(Khan et al., 2021)  

Steroid + + + + - + Antiseptic, anti-plasmodial, antimalarial, anti-cancerous 
(Cox-Georgian et al., 2021)

Tannins + + + + + + Antimicrobial (Farha et al., 2021)

Flavonoids + + + + + + Cardioprotective, anti-inflammatory, antiviral, antioxidant, 
anti-cancerous, neuroprotective (Ullah et al., 2021)

Phenols + + + + + + Antioxidant, anti-inflammatory, anti-hypertensive (Rana 
et al., 2021)

Proteins + + + + + + Building blocks, enzymes

Table 1. Presence of bioactive compounds in ripe and raw papaya pulp, peel and seeds

- Absent, + Present

Frequencies observed (cm )-1 Range Stretch / bend Tentative functional groups

Ripe papaya Raw papaya

Pulp Peel Seeds Pulp Peel Seeds

3378.2 3418.0 3373.0 3411.3 3396.5 3407.6 3550-3200 O-H stretch Alcohol / phenol

2927.5 2923.7, 
2855.9

2924.9, 
2855.4

2924.9 2923.0, 
2855.9

2925.3, 
2857.2

3300-2500
3000-2800

O-H stretch
N-H stretch

Carboxylic acid,
Amine salts

1738.0 1734.9 1744.8 1740.1 1735.2 1740.9 2000-1650
1750-1735

C-H bend
C=O stretch

Aromatic compound,
Esters, -lactoneδ

1626.1 1635.7 1648.6 1632.6 1640.8 1633.2 1662-1626
1650-1600
1650-1566

C=C stretch
C=C stretch
C=C stretch

Alkene,
Conjugated alkene,
Cyclic alkene

- - 1543.4 - - - 1550-1500 N-O stretch Nitro compounds

1419.5 1418.3 1455.5, 
1379.8

1419.6 1415.7 1412.6 1440-1395
1420-1330
1500-1400

O-H bend
O-H bend
C-C stretch

Carboxylic acid,
Alcohol,
Aromatic compound

1253.5
1061.6

1319.2, 
1238.5, 
1065.3

1237.5, 
1157.3, 
1104.8

1244.0, 
1063.8

1243.2, 
1060.8

1244.4, 
1060.2

1400-1000
1275-1200
1250-1020
1280-1240
1255-1240

C-F stretch
C-O stretch
C-N stretch
C-O stretch
Skeletal vibration

Fluoro compound,
alkyl aryl ether,
Amine,
Epoxides,
t-butyl in hydrocarbons

1061.6 1065.3 - 1063.8 1060.8 1060.2 1085-1050
1070-1030

C-O stretch
S=O stretch

Primary alcohol,
Sulphoxide

921.1 - - - - - 950-910 O-H bend Carboxylic acid

820.9
775.4
628.6

777.6, 
610.4

614.7 819.4, 
775.1, 
598.2

608.9 774.3, 
605.5

850-550
840-790
690-515

C-Cl stretch
C=C bend
C-Br stretch

Halo compound,
Alkene
Halo compound

Table 2. Functional group annotation to the FT-IR spectral peaks of ripe and rawpapaya pulp, peel and seeds

1395, 1420-1330 cm  range. Fluoro compounds with C-F -1

stretch and amines with C-N stretch were predicted in all the 

samples between 1400-1000 and 1250-1020 cm  range -1

respectively. The absorbance in the range of 1070-1030 

indicated the presence of S=O stretch that might be related to 

presence of sulphoxides in the samples. Although no peak 

was observed in ripe papaya seeds in this range, 921.1 was 

the only peak observed between 950-910 cm  in ripe papaya -1

pulp that corresponded to O-H bend related to carboxylic 

acids. The fingerprinting regions of both ripe and 

rawpapayapulp, peel and seeds indicated the presence of C-

Cl stretch (850-550), C=C bend (840-790) and C-Br stretch 

(690-515) and in turn the presence of halo-compounds and 

alkenes (Sharif et al., 2022, Singh et al., 2022). The 

absorption intensity of peaks in the papaya samples were 

different but most of them were falling in similar spectral 

ranges indicating the presence of similar kind of functional 

groups but in different concentrations.
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Fig. 1. Comparative analysis of mid-infrared spectra of ripe and raw papayapulp (a), peel (b), seed (c) and X-ray diffractograms 
of ripe and raw papaya pulp (d), peel (e) and seed (f)
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Fig. 2. Scanning electron micrographs of ripe papaya pulp (a), peel (b), seed (c) and raw papaya pulp (d), peel (e) and 
seed (f)

Analysis of XRD: XRD determines the degree of crystallinity 

of a given sample and identifies its crystalline or amorphous 

characteristics. The diffractograms of ripe and raw papaya 

pulp showed “M” type patterns between 13  and 26 (Fig. 1d) o o 

with broad peaks indicating the high degree of amorphous 

structures present in them. Inverted “V” type pattern 

diffractograms were observed in both ripe and raw papaya 

peel. The XRD analysis of ripe papaya peel showed 

significantly sharp peaks at 14.98  and 24.43  depicting its o o

slightly crystalline nature whereas the raw papaya peel 

extract showed a single broad peak at 16.45  showing its o

amorphous characteristics (Fig. 1e). “A” type pattern of 

diffractograms were observed in both ripe and raw papaya 

seed extracts with various sharp peaks between 10  and 50  o o

(Fig. 1f). In ripe papaya seed extract sharp angles of 

diffraction were observed at 14.94 , 26.99  and 38.55  o o o

whereas in raw papaya seeds extract the diffraction angles 

were observed at 9.95 , 19.4  and 25.13  indicating the o o o

crystalline nature that might be induced by some specific 

compounds present in both seed samples. The sharp peaks 

that were observed in the samples might be due to the 

presence of starch as the crystalline nature of starch varies 

with the crystalline region and the crystal size (Kim et al., 

2005). The crystal size depends on the angle of diffraction 

and the intensity. If the angle of diffraction is larger while 

intensity is smaller, the crystal size will be smaller (Singh et 

al., 2007).

SEM and EDS: Scanning electron micrographs of both ripe 

and raw papaya epicarp, mesocarp and seeds were obtained 

at 1000X magnification to analyze the fruit texture, 

morphological details and the changes during ripening were 

observed.No significant differences were observed in the 

image replicates of each sample. With maturity stages, the 

degradation of tissues becomes more progressive and 

apparent .  F igure 2a shows loose ly  arranged 

parenchymatous cells in mesocarp (pulp) which however 

were compactly arranged of in epicarp (peel) of the ripe 

papaya (Fig. 2b).Loosely arranged cells having flaky 

structures were seen in SEM micrographs of ripe papaya 

seeds (Fig. 2c). Ripe papaya pulp showed less flaky 

structuresthan the raw one. Distinguishable cellular 

structures were seen in mesocarp of raw papaya (Fig. 2d), 

however cellular structures in ripe papaya pulp were not 

distinguishable and the reduced cellular integrity indicated 

the reduction in firmness of the pulp. In raw papaya peel, cells 

were densely arranged showing a high degree of 

compactness (Fig. 2e). The parenchymatous tissues in ripe 

papaya became loosely arranged and softened that might be 

occurred due to the degradation of middle lamella that 

ismade up of magnesium pectate and hence the level of 

magnesium was observed to be high in ripe papaya as it was 

freely available and detected through EDS. However, in raw 

papaya pulp, cells were densely arranged showing a specific 

compactness and membrane integrity (de Oliveira and 
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Fig. 3. Energy dispersive X-ray spectra of ripe papaya pulp (a), peel (b), seed (c) and raw papaya pulp (d), peel (e), 
seed (f)

Elements (weight %) Ripe papaya Raw papaya

Pulp Peel Seed Pulp Peel Seed

Carbon (C) 64.19 58.60 66.17 23.74 56.51 37.19

Oxygen (O) 29.90 27.85 30.31 52.10 32.93 54.14

Sodium (Na) ND* 1.99 1.25 0.41 3.63 ND*

Phosphorus (P) 0.80 1.80 ND* 9.05 ND* 2.03

Potassium (K) 1.53 1.03 ND* 14.70 0.61 2.76

Magnesium (Mg) 0.27 1.92 ND* ND* ND* ND*

Sulphur (S) 0.19 2.43 0.26 ND* 1.53 ND*

Chloride (Cl) ND* 1.26 ND* ND* ND* ND*

Calcium (Ca) ND* ND* 0.52 ND* 0.65 0.04

Table 3. Weight percentage of elements present in ripe and raw papaya fruit pulp, peel and seeds

ND* is not detected

Vitória 2011, Lara-Abia et al., 2021). The tissues of raw 

papaya seeds were seemed to be compact with large 

intercellular spaces (Fig. 2f). The loss of cellular integrity and 

large intercellular spaces werereported in apple (Quiles et 

al., 2004) and persimmons (Salvador et al., 2007) during 

ripening stages.

Energy dispersive X-ray spectroscopy (EDS) is a 

quantitative analysis which identifies inorganic elements 

present in a targeted area in the prepared samples in the form 

of peaks. The peak height increases with the increase in 

concentration of the elements present. The EDS revealed the 

richness of ripe papaya pulp in magnesium and sulphur 

549Biochemical Components, Mid-Infrared Fingerprints and X-Ray Diffraction Patterns of Papaya Fruit Parts



contents (0.27 and 0.19% respectively) than that of raw 

papaya (Fig. 3a). Higher level of sulphur in ripe papaya fruit 

pulp might be due the degradation of various structural 

proteins via denaturation of their disulphide bonds and thus 

making it freely available. Although in raw papaya, elements 

like potassium, phosphorus and sodium (14.70, 9.05, 0.41% 

respectively of total weight percentage) were present in 

higher concentrations (Fig. 3d).The EDS spectra of ripe 

papaya peel (Fig. 3b) showed the presence of potassium 

andsulphur in higher concentration than the raw papaya peel 

(Fig. 3e). However, sodium was in higher concentrations in 

raw papaya. Additionally, phosphorus, magnesium and 

chlorine were detected in ripe papaya although calcium was 

not detected which was present in raw papaya peel. Sodium 

and sulphur were present in ripe papaya seeds (Fig. 3c) 

whereas these elements were not detected in raw papaya 

seeds (Fig. 3f). Phosphorus and potassium were in higher 

concentrations in raw papaya seeds but not detected in ripe 

papaya seeds. Although calcium was detected in ripe papaya 

seeds but not in raw papaya seeds. During preparing the 

samples for SEM-EDS analysis the samples were subjected 

to platinum coating in the sputter coater and that why the 

peaks of platinum (Pt) can be seen in the EDS spectra (Table 

3). 

CONCLUSION

The present study showed the presence of bioactive 

components in ripe and raw papaya samples. However, in 

raw papaya pulp and seeds glycosides were not detected. 

The FT-IR analysis also showed the occurrence of similar 

kind of functional groups in both ripe and raw papaya 

samples but in different concentrations. The XRD analysis 

showed the amorphous nature of pulp extracts whereas the 

crystalline nature of seeds extracts of both ripe and raw 

papaya. SEM analysis showed the gradual change in the 

morphology of pulp, peel and seeds during ripening of the 

fruit. The elemental profile of the both papaya fruits' pulp, peel 

and seed revealed that occurrence of various elements in 

different weight percentage. Further analytical studies can 

identify the beneficial phytocompounds present in papaya. 

Morphological studies of the fruit at different ripening stages 

should be endorsed to understand its mechanism and then to 

hypothesize strategies to delay the fruit ripening and 

increase the shelf life of the fruit.  
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