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AbstractAbstractAbstractAbstract    

Ultrastructural investigation and analysis of the elemental spectra composition of Musa sinensis L. and 
Musa paradisiaca L. exocarp (peels) was carried out using the Scanning Electron Microscopy (SEM) and Energy 
Dispersive X-Ray (EDX) respectively. Microstructures such as interlocked, polyhedral epidermal cells, 
ellipsoid-shaped stomata, guard cells, intercellular space, anticlinal-patterned walls and subsidiary cells were 
observed, with direct and indirect implications in the deposition of important primary and secondary 
metabolites, thus connoting some medicinal significance. Furthermore, the energy dispersive x-ray spectra 
revealed the presence of some important elements such as potassium (K), iron (Fe), carbon (C), oxygen (O), 
silicon (Si) and gold (Au), with high to relatively high carbon and oxygen peaks consistently observed in Musa 
sinensis and Musa paradisiaca. In the same vein, the relative similarity observed in the constituents of quite a 
number of the elemental spectra (carbon, oxygen, silicon, gold) in M. sinensis and M. paradisiaca peels, also 
reflects species relatedness between M. sinensis and M. paradisiaca.    

Keywords:Keywords:Keywords:Keywords: electron microscopy; exocarp; mineral element; Musa paradisiaca; Musa sinensis; 
ultrastructure 

IntroductionIntroductionIntroductionIntroduction    

The Musa genus, an extraction of the Musaceae family is chiefly membered by M. sinensis and M. 
paradisiaca. They have original nativity in south-eastern Asia, with distribution in several parts of the tropics 
and subtropics (Ploetz et al., 2007; Nayar et al., 2010). M. sinensis and M. paradisiaca have economically and 
nutritionally important fruits due to their staple diet status, which also earns them their ethnomedicinal value 
(Sampath Kumar, 2012; Pereira and Maraschin, 2015). M. sinensis and M. paradisiaca possess seedless fruits 
(Figure 1). The fruit fingers are collectively arranged, forming bunches, with each fruit covered and protected 
by an outer skin referred to as the peel (exocarp). Medicinal plants are notably known to generate series of 
bioactive principles, which function in antioxidant, antimicrobial, antidiabetic, anti-inflammatory and anti-
carcinogenic capacities, with lowered risk of side effects as opposed to synthetic medicine (Negi et al., 2011; 
Dey and De, 2015). However, natural product-derived medicines require standardization and dose regulation 
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in order to ensure safety (Cheuka et al., 2016). Over time, these medicinal potentials have metamorphosed into 
increasing interest in the frontiers of natural, plant-based preclinical drug development. 

Electron microscopy as a technique in ultrastructural frontiers possesses greater spatial resolution above 
the light microscopy (da Silva et al., 2009) which brings higher cutting-edge ultrastructural viewing and 
identity, which is useful for medicinally relevant plants. Furthermore, electron microscopy has also found some 
applicability in forensic analysis (Vermeij, 2008). 

The nutritional and medicinal potentials in fruit peels have been variously reported (Maniyan et al., 
2015; Pereira and Maraschin, 2015; Feumba et al., 2016; Sidhu and Zafar, 2018; Kothawade, 2019; Oyeyinka 
and Afolayan, 2019; Oyeyinka and Afolayan, 2020), including secondary metabolite deposition and 
accumulation in fruit coverings and their microstructures (Hammouda et al., 2014; Tessmer et al., 2014). 
Nevertheless, more insights into the ultra-morphological body of knowledge related to the exocarps of M. 
sinensis and M. paradisiaca fruits, as well as species relatedness are still essential. This study was thus designed 
to examine the electron microscopic ultra-morphology of the exocarps of two prominent Musaceae fruits, with 
a view to identify complex ultra-features, elemental spectra, as well as their possible functional roles as 
depositories of primary and secondary metabolites of pharmacological value. This is in turn, an attempt to 
increase the incorporation and utility of M. sinensis and M. paradisiaca exocarps in human nutrition. 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    

Plant (sample) collection and authentication 
Fruits of banana (M. sinensis) and plantain (M. paradisiaca) used in this study were obtained from 

supermarkets in Alice and East London respectively, both located in Amathole District Municipality of the 
Eastern Cape Province, South Africa. These areas lie at 32°43'28.66” and 26°34'5.88” geographical latitude and 
longitude, respectively. Professor C.N. Cupido, a taxonomist in the Botany department, University of Fort 
Hare (UFH), authenticated the peel samples of M. sinensis and M. paradisiaca and voucher specimens (UFH-
2019-11-001 and UFH-2019-12-002) respectively, were deposited in the herbarium. 

Fixation and drying  
The method described by Asowata-Ayodele et al. (2016) was employed with slight modification. 

Descriptively, fresh peel samples (2 mm) of banana and plantain were cut and fixed for 96 hours (at least 24 
hours) in 6% w/v gluteraldehyde (buffered with sodium cacodylate pH 7.3), in order to enhance sample 
penetrability during electron microscopy. Each peel sample was rinsed in distilled water to eliminate extraneous 
fixative material and subsequently dried in ten ethanol concentration gradients (10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90% and 100%) for a 20 minute-duration per concentration gradient (Munien et al., 2015). 

SEM and EDX Spectra Ultrastructural Capture 
M. sinensis and M. paradisiaca peel samples were dried via the Hitachi HCP-2 critical point dryer and 

mounted on aluminium stubs. The Argon baseline, otherwise referred to as the gold palladium gas was supplied 
to the critical point dryer for sample drying. This process essentially presents an ideal conducting gold material, 
including the prevention of surface charging, promotion of even conduction and homogeneity in the sample 
surface, in order to obtain better quality, high resolution imaging (Leslie and Mitchell, 2007). The peel samples 
were then examined at different magnification levels, ranging from (×100 to ×1000) in M. sinensis and (×100 
to ×1800) in M. paradisiaca, with the JEOL (JSM-6390LV) scanning electron microscope, powered at 15kV 
accelerated voltage. Electron images and EDX spectra were captured via the Scanning Electron Microscope 
(SEM) Noran system six imaging software and its structural component the Energy Dispersive X-ray analyser 
(Thermo Electron Corporation, 6733B-IUUSN, USA) respectively (Sharaibi and Afolayan, 2017). 
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Musa sinensis    (Banana) Musa paradisiaca (Plantain) 

Figure 1. Figure 1. Figure 1. Figure 1. Photos of the fruits of M. sinensis and M. paradisiaca 

ResultsResultsResultsResults    

Ultrastructural analysis and energy dispersive X-Ray elementals spectra 
The ultrastructural microscopic evaluation of revealed randomly arranged, elliptical shaped stomatal 

structures in M. sinensis and M. paradisiaca exocarps (Figure 2e, 3b, 3c, 3d and 3e). Furthermore, guard cells 
(components to stomata structure) and subsidiary cells were observed in M. sinensis and M. paradisiaca (Figure 
2e, 3c, 3d, 3e). There were regular to irregular interlockings of angular epidermal cells (Figure 2e, 3d, 3f and 
3g), with particular polyhedral (pentagonal) structure identified in M. paradisiaca (Figure 3d). Tiny to small 
intercellular spaces were identified in M. sinensis and M. paradisiaca (Figure 2e and 3d). Furthermore, cells 
were closely packed with anticlinal walls identified in M. sinensis and M. paradisiaca (Figure 2c, 2f and 3g). The 
energy dispersive x-ray (EDX) analysis revealed the spectra presence of elements such as carbon (C), oxygen 
(O), silicon (Si) and gold (Au) on M. sinensis and M. paradisiaca exocarp, with the inclusion of the potassium 
and iron in M. sinensis. The corresponding peaks of the profiled elements in M. sinensis and M. paradisiaca by 
EDX spectra are presented in Figure 4 and 5, with high and relatively high carbon and oxygen peaks respectively 
in both exocarp samples. Table 1 presents the elemental proportions (atomic %) in the exocarp of M. sinensis 
and M. paradisiaca. 
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Figure 2. Figure 2. Figure 2. Figure 2. Micrographs and ultrastructure of M. sinensis exocarp (peel) 
(A) relatively homogenous epidermal surface [100X] (B) homogenous, with somewhat anticlinal epidermal surface 
[200X] (C) anticlinal walls (AW) [500X] (D) [500X] (E) epidermal cells (EC), stomata (ST), guard cells (GC), 
subsidiary cells (SC), intercellular space (IS) [750X] (F) anticlinal walls (AW) [1,000X]. 

Figure 3.Figure 3.Figure 3.Figure 3. Micrographs and ultrastructure of M. paradisiaca exocarp (peel)  
(A) relatively homogenous epidermal surface [100X] (B) stomata (ST) [200X] (C) stomata (ST), guard cell (GC), 
subsidiary cell (SC) [400X] (D) epidermal cells (EC), intercellular space (IS), stomata (ST) and guard cell (GC) 
[500X] (E) stomata (ST), guard cell (GC) [900X] (F) epidermal cell (EC), anticlinal walls (AW) [950X] (G) 
epidermal cell (EC) with anticlinal walls [1,000X] (H) [1,800X] 
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Figure 4. Figure 4. Figure 4. Figure 4. Energy Dispersive X-Ray (EDX) spectra of elements identified in M. sinensis L. exocarp (peel), 
indicating intensity or counts of the elemental spectra (y-axis) and the accelerating voltage (15 keV energy) 
on the x-axis 

 

 

 
        Figure 5. Figure 5. Figure 5. Figure 5. Energy Dispersive X-Ray (EDX) spectra of elements identified in M. paradisiaca L. exocarp 
(peel) indicating intensity or counts of the elemental spectra (y-axis) and the accelerating voltage (15 keV 
energy) on the x-axis  
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Table 1. Table 1. Table 1. Table 1. Energy dispersive X-ray elemental spectra by weight (%) of M. sinensis and M. paradisiaca 
exocarps 

Element M. sinensis M. paradisiaca 
Carbon 67.15 ± 1.42 59.01 ± 1.77 

Oxygen 12.24 ± 1.17 11.85 ± 1.04 

Silicon 1.14 ± 0.12 1.12 ± 0.14 

Gold 18.03 ± 10.81 28.02 ± 12.77 

Potassium 0.87 ± 0.15  

Iron 0.56 ± 0.44  

 
 
DiscussionDiscussionDiscussionDiscussion    
 
Fruit exocarps are hydrophobic structures that are responsible for physiological functions such as 

desiccation limitation, protection against microbial infection and preservation of fruit palatability (Martin and 
Rose, 2014). In this study, microstructures such as the epidermal cells, guard cells and intercellular spaces 
identified in M. sinensis and M. paradisiaca exocarps are directly or indirectly linked to primary and secondary 
metabolite deposition, which in turn attributes pharmacological potentials to the peels (Hammouda et al., 
2014; Tessmer et al., 2014; Konarska and Domaciuk, 2018; Konarska et al., 2018). 

The epidermis, which houses the epidermal cells, has been identified as a key site for series of secondary 
metabolism pathways for flavonoids, alkaloids and terpenoids (Mahroug et al., 2005). They are also exuders of 
secondary metabolite substances like flavonoid aglycones (Svoboda et al., 2001), which is indicative of 
polyphenolic constitution and pharmacological activity in banana and plantain exocarps (Oyeyinka and 
Afolayan, 2019; Oyeyinka and Afolayan, 2020). Epidermal cell wall microstructures identified in M. sinensis 
and M. paradisiaca exocarps signify potential storehouses of primary metabolite carbohydrates, in relation to 
previous reports of polysaccharides isolated in banana (Amnuaysin et al., 2020). This is in relation to the 
microscopy study of Ellis et al. (2004) which reports mineral nutrient storage in cell compartments, with cell 
walls identified with lipid primary metabolite bioaccessibility. 

The intercellular spaces in M. sinensis and M. paradisiaca exocarps may be potentially relevant in 
essential oil secretion based on reports of the possible implication of their secretory cell linings (Svoboda et al., 
2001). Guard cells housed in the epidermal region in land plants and possess stomatal regulatory mechanisms 
(Jin et al., 2013). Polyphenolic compounds in conjugation with polysaccharides and proteins have been 
identified to be bound in the chloroplast, which are a relatedly localized in the guard cells (Parada and Aguilera, 
2007). The guard cell microstructures in M. sinensis and M. paradisiaca exocarps are further indicators of 
primary metabolite (carbohydrate), based on previous works reporting the location of starch therein (Talbott 
and Zeiger, 1993; Azoulay-Shemer et al., 2016). 

Based on the high carbon peaks in the elemental spectra of M. sinensis and M. paradisiaca exocarps, 
indications are linked towards the possible constitution of calcium oxalate and calcium sulphate (Otang et al., 
2014) which are one of the most abundantly formed minerals in plants (Franceschi and Nakata, 2005). 

The presence of Oxygen in the EDX spectra analysis indicates the derivative presence of primary 
metabolites fiber, carbohydrate and protein in banana and plantain peels (Essien et al., 2005; Kamsonlian et al., 
2011; Oyeyinka and Afolayan, 2019). Carbon on the other hand, is a central component of carbohydrates, 
lipids and protein, including phytoorganic compounds (Soetan et al., 2010). Silicon is a trace element regarded 
as “quasi-beneficial” and non-essential and is generally accumulated more in monocots (Korndorfer and 
Lepsch, 2001; Richmond and Sussman, 2003; Bhat et al., 2019). Potassium is a major element that is implicated 
in protein synthesis, enzyme activation and the mechanism of stomata operation, while iron, another trace 
element functions in the synthesis process of chlorophyll (Soetan et al., 2010). 

Previous reports have identified the implication of similarity in epidermal elemental constitution, in 
plant delineation and relatedness (Hartley et al., 2015). In this study, the relative similarity of most of the 
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elemental constituents (carbon, oxygen, silicon, gold) in M. sinensis and M. paradisiaca peels, could indicate 
species relatedness, in corroboration with the ultrastructural study of Olatunji and Afolayan (2020). The 
significantly high constitution of gold in the exocarp of M. sinensis and M. paradisiaca could be linked to spur 
plating sputter coating process of samples (Olatunji and Afolayan, 2020). 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The ultrastructural evidence of M. sinensis and M. paradisiaca exocarp reflects the significance of the 

microstructures such as guard cells, stomata, intercellular space and anticlinal walls in relation to physiological 
functioning and mechanism, as well as nutritive value on the basis of the elemental constituents in the spectra 
of the epidermal compartments of the exocarp. This electron microscopy and EDX study further suggests that 
epidermal characters identified therein are relevant in contributing to the morphological identity of Musa 
species and as well, the dietary incorporation potentials of fruit peels in human nutrition. 
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