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Macro-micro morphological and Phytochemical Characterization of Physalis angulata L
Abstract    

Physalis angulata L. (P. angulata the studied species) belongs to the Solanaceae family. Its nutritional and therapeutic potential is also known. This study aimed to authenticate this species by addressing its Morphological and Anatomical structures as well as phytochemical composition. Morphological and Anatomical characterizations were determined by investigating the morphological structures using different floristic references, while the Anatomical structures were investigated by checking the inside structures of the leaf parts. Proximate analysis, moisture, ash, crude, fats, proteins, and carbohydrates of the leaves and fruits of the studied species were analyzed using standard methods. Ethanol extracts of the fresh leaves and fruits of the studied species were subjected to Gas Chromatography-Mass Spectrometry (GC/MS) to investigate phytochemical compounds. The obtained macro-features provided descriptive power that could facilitate the identification of P. angulata. The cell wall patterns of the studied species were quite distinct in the surface view of the epidermis, with a sinuous anticlinal wall on both surfaces. High stomatal density was observed in the studied species. Anisocytic stomata were distinguished from those of P. angulata. This study revealed that the studied species were rich in proximate composition and phytochemical compounds. These findings confirm the nutritional and therapeutic potential of P. angulata and provide a reliable framework for its identification, conservation, and future pharmacological exploration.
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1. INTRODUCTION
Physalis angulata L. (P. angulata), a member of the Solanaceae family (nightshade plants), is predominantly found in tropical regions (Ayodhyareddy and Rupa, 2016, Sultana et al., 2008). Historically regarded as a weed, it is now cultivated because of its ethno-pharmacological properties (Aliero and Usman, 2016).

Research on P. angulata has been extensive, with numerous ethno-pharmacological studies indicating its potential in the treatment of various ailments. Traditionally, P. angulata has been employed in the management of postpartum infections as a diuretic and in the treatment of asthma, malaria, inflammation, and scabies 


(Jovel et al., 1996, Pérez, 2002;  Ruiz et al., 2011;  Mejía Carhuanca and Rengifo Salgado, 2000) ADDIN EN.CITE . Furthermore, its use in addressing inflammation, hepatitis, anemia, urinary infections, diabetes, prostate issues, and earaches has been documented 


(Agra et al., 2007; Coelho-Ferreira, 2009; Duke, 2018) ADDIN EN.CITE . Pharmaceutical studies have demonstrated the efficacy of P. angulata extract. Choi and Hwang (2003) reported the anti-inflammatory properties of the metabolic extracts. Ruiz et al., (2011) also noted the antimalarial effects of methanol extracts from the leaves of P. angulata. Moreover, P. angulata possesses antioxidant and antimicrobial activities (Jalab and Al-Rufaye, 2023, Ferreira et al., 2019).

P. angulata is an edible plant 


(Ramakrishna Pillai et al., 2022; Ayodhyareddy and Rupa, 2016; Cobaleda Velasco et al., 2017) ADDIN EN.CITE . Its fruits are commonly consumed as snacks, whereas its leaves are used in salads (Aliero and Usman, 2016). P. angulata has a nutrient-rich composition 
 ADDIN EN.CITE 
(Rop et al., 2012; Abreu et al., 2017; Kusumaningtyas et al., 2015; Saavedra et al., 2019; Sholehah et al., 2021; Sultana et al., 2008)
 that is associated with various health benefits. It can be ingested in raw or cooked form or employed in the preparation of jams (Jalab and Al-Rufaye, 2023, Ferreira et al., 2019). It is also used to prepare sauces (Sánchez et al., 2008; Medina-Medrano et al., 2015; Fan et al., 2018). P. angulata has been proposed to be a valuable source of nutrients that may aid in mitigating micronutrient deficiencies (Aliero and Usman, 2016). 
The present study provides comprehensive insights into the morphological, anatomical, and phytochemical characteristics of Physalis angulata L., a species with significant nutritional, medicinal and pharmacological relevance. Such integrative characterization is crucial for accurate taxonomic identification, conservation planning, and for establishing a baseline for its potential biotechnological and pharmaceutical applications. By linking structural attributes with phytochemical profiles, this work contributes to the scientific understanding of plant functional traits and their implications for traditional medicine and modern drug discovery. Furthermore, the study offers valuable reference data that can support future comparative studies on related species within the genus Physalis.         
2. Materials and methods

2.1. Macro-micro morphological structures
2.1.1. Macro-morphological characterization
Morphological characteristics were investigated by using a set of keys 


(Broun et al., 1929, Andrews, 1956, Andrews, 1950) ADDIN EN.CITE .



2.1.2. Micro-morphological structure
Fresh leaves of the species under investigation were collected, and epidermal peels were obtained directly from the leaves without the application of any chemical treatments. This process was executed by manual peeling using a razor blade. Epidermal peels were stained with ethanol safranin for duration of one minute. Subsequently, excess safranin stain was removed, and the peels were temporarily mounted in an aqueous glycerol solution, as described by Cutler (1978). The morphology and dimensions of epidermal cells, stomata, and trichomes were examined. Observations and photomicrographs were captured using a light microscope (Leica DM 750) equipped with a Qwin system and video camera (Leica ICC50 HD) for image acquisition.

2.2. Phytochemical compositions

2.2.1. Proximate analysis

The moisture, ash, crude fat, protein, and carbohydrate contents of all leaves and fruits of the studied species were quantified using standard methods (OAC, 1990).

2.3 Plant collection and Preparation of plant extracts

Fresh healthy young leaves and fruits of the species under investigation were collected. The plant material was subsequently cleaned, shade-dried, and ground into fine powder. Dried plant powder (50 g) was immersed in 95% ethanol and served as an organic solvent for three days. The plant samples were then filtered through Whatman filter paper no.1 using a microfiltration unit. The resulting crude extract was then dried at room temperature.
2.2.2. GC/MS analysis

Gas chromatography (GC) separation and mass spectrometry (MS) analyses were conducted using a Shimadzu QP2010 system, which integrates a gas chromatograph with a mass spectrometer (GC-MS) and is equipped with an Elite-1 fused silica capillary column. The GC-MS conditions were as follows: the column used was a Varian Chrompack CP-Sil 8, measuring 30 m in length with an internal diameter of 0.25 mm. Helium served as the carrier gas and a constant flow rate of 1.0 mL/min. The injector temperature was set to 250°C with a split ratio of 2. The oven temperature program commenced at 40°C with a hold time of 1 min, followed by an increase from 40°C to 150°C at a rate of 10°C/min without a hold, and subsequently from 150°C to 280°C at a rate of 5°C/min with a hold time of 5 min. The total runtime was 30 minutes. The volume of the injected extract was 1 μL and the interface temperature was maintained at 280°C.   

2.2.3. Identification of phytochemical Components

Identification was conducted based on the molecular structure, molecular mass, and calculated fragments. The mass spectra obtained through GC-MS were interpreted using the National Institute of Standards and Technology (NIST) database. The names, molecular weights, and structures of the components of the test material were determined. The relative percentage of each component was calculated by comparing the average peak area with the total area. Additionally, the spectrum of unknown components was compared using Turbo mass 5.2 software, version 2005. 

3. RESULTS

3.1. Macro-micro morphological Analysis
3.1.1. Macro-morphological structures Analysis
The macromorphological characteristics are detailed in Figures 1(A, B, C and D). Visual examination of the morphological traits of the studied species indicated that the stem texture was either smooth or sparsely hairy. The shape of the leaf lamina predominantly ranges from ovate to lanceolate with margins that are serrated to sinuate. The solitary flowers were characterized by a pale-yellow hue. The species was identified as having berry fruit, with compressed seeds that exhibited a color spectrum from yellow to pale brown.  

Figure 1: illustrates the morphological structures of Physalis angulata: (A) The Whole plant (B) Leaves Shape (C) The Flower (D) The Fruits.
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(A)
	(A) Annual herbaceous plant, erect and sometime prostrate. The stem is quadrangular and hollow, featuring short simple hairs that become glabrescent. The plants exhibited branching and a greenish hue.
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(B)
	(B) The leaves are simple, petiolate, and exhibit a dull green coloration. They are alternately arranged and range from ovate-lanceolate to, less commonly, ovate-linear. The base of the leaves is cuneate and often oblique, whereas the apex is acute. Margin is irregularly toothed. The midrib and the lower surface of the leaves were glabrescent.
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(C)
	(C) The flower is solitary, five-sided and located in the axils of the leaves or branches. The calyx is cup-shaped and covered with short hairs. The corolla is pale yellow, with brown spots on the inside. Stamens 5, epipetalous, basifixed, oblong light green, glabrous, anthers 2-celled, entirely pale blue Carpels 2.
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(D)
	(D) Fruit is a glabrose berry, ranging in color from pale green to yellow. Enclosed in a characteristic cone-shaped balloon-like that hangs down at maturity. 


3.1.2. Micro-morphological structures Analysis
Figures 2, 3, and 4 show the transverse sections of the lamina of P. angulata. The epidermal cells on the adaxial surface exhibited irregular shapes with sinuous anticlinal walls, and the epidermal layer consisted of a single-cell layer. The mesophyll tissue is differentiated into palisade mesophyll parenchyma cells and spongy mesophyll parenchyma cells, both of which comprise a single layer. Parenchymal cells predominantly occupy the midrib region, where vascular bundles are bicollateral. The mesophyll of P. angulata is classified as bifacial. Calcium oxalate crystals were present in the midrib region and within the spongy mesophyll in the dry type, as depicted in Figure 3.
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	Figure 2: A light microscope image of Anatomical details of Physalis angulata throuth The mid-rib region: Bsh= Bundle sheath; Ep=Epidermis ; Ph= Pholem; Xy=Xylem; Pa= Parenchyma cells.
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	Figure 3: A light microscope images of Anatomical details through the lamina of Physalis angulata: Dc: Druse crystal; Upe= Upper epedermis; Lep=Lower epidermis; Pme=Palisade  mesophyll; Sme=Spongy mesophyll.
Anisocytic, paracytic, and anomocytic stomata were characterized by the adaxial and abaxial surfaces of P. angulata (Figure 4).
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	Figure 4: A light microscope image of Anatomical details of the stomata from leaf peel of Physalis angulata L.  


3.2. Chemical compositions

3.2.1. GC/MS Analysis
Gas chromatography-mass spectrometry (GC/MS) analyses of ethanolic extracts from the leaves and fruits of P. angulata have identified several phytochemical compounds. The findings indicated  that the leaves and fruits of the examined species had abundant valuable phytochemical constituents. The analysis demonstrated that the leaves contained a rich array of chemical compounds, with seven phytochemical compounds isolated from the leaves, compared to the four compounds isolated from the fruits (figure 5).
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Figure 5:  total of separated phyochemical compounds from the leaves and fruits of Physalis angulata.
The compound with the highest concentration isolated from fruits was 9, 12-Octadecadienoic acid (Z, Z), accounting for 38.87%, followed by 1-Nonadecene at 14.171%. In contrast, the leaves exhibited the highest concentration of phytol (61 %), followed by that of Vitamin E (14.35 %) (Figures 6, 7). 
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Figure 6: Chart illustrates the concentration (%) of Phytochemical constituents of the Fruits of Physalis angulata
[image: image10.png].64
A

coo oo
KROmh ¥,

(%) ea1y

Name of compounds





Figure 7: Chart illustrates the concentration (%) of Phytochemical constituents of the Leaves of Physalis angulata.
3.2.2. Proximate Composition Analysis
The proximate compositions of the leaves and fruits of the studied plant species were analyzed on a dry weight basis. The leaves exhibited a greater proximate content than the fruits of the species under investigation (Figure 8).
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Figure 8: Total proximate compositions contentment of the leaves and fruits of Physalis angulata.                   
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Figure 9: Diagram shows the concentration of proximate compositions (%) of leave of Physalis angulata 
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Figure 10: Diagram shows the concentration of proximate compositions (%) of fruits of Physalis    angulata       
4. DISCUSSIONS 
The morphological structures characteristics identified in the present study offer significant descriptive utility for the accurate identification of Physalis angulata, particularly in instances where it may be confused with the closely related species Physalis minima (Sultana et al., 2008). The fruit is considered a critical distinguishing feature because of the presence of the calyx that envelops it. Furthermore, the presence of purple spots on both the fruit peel and the calyx serves as a notable identifier for the species under investigation. The corolla, characterized by its yellow hue and pale purple markings, is considered a taxonomic attribute that effectively differentiates P. angulata.

Anatomical characteristics are crucial for identifying plant species (Uphof and Hummel, 1962). The cell wall pattern is a taxonomically significant feature that aids in the identification of plant species (Barthlott, 1981, Saheed and Illoh, 2010). The cell wall patterns of the species under study were notably distinct in the epidermal surface view, characterized by a sinuous anticlinal wall on both surfaces. A high density of stomata was observed in this species, with anisocytic stomata distinguishing P. angulata. These findings are consistent with those of previous studies 
 ADDIN EN.CITE 
(Awan and Murtaza, 2013, Hameed and Hussain, 2011, Wahua and Edwin-Wosu, 2016, Bello et al., 2017)
 that have investigated the anatomical stomata of Solanaceae.

Gas chromatography-mass spectrometry (GC-MS) analysis identified the studied species as a rich source of secondary metabolites. The most abundant phytochemicals isolated from the leaves and fruits were phytol (61%), 9, 12-Octadecadienoic acid (Z, Z) (38.87%), Vitamin E (14.35%), and 1-Nonadecene (14.17%). These compounds have been recognized as therapeutic agents in several studies. For example, phytol, present in plants as chlorophyll, is crucial for activating enzymes that positively influence insulin production and reduce blood cholesterol levels (Kostik and Bauer, 2017). Phytol has also been reported to possess cytotoxic, anti-inflammatory, antidiabetic, antihyperalgesic, antibiotic chemotherapy, antimicrobial, antitumor, antifungal, antimutagenic, anti-teratogenic, anticonvulsant, anti-schistosomal, lipid restriction, antispasmodic, anti-scratching, anxiolytic, hair growth facilitator, and antidepressant properties (Santos et al., 2013). In addition, phytol exhibits antioxidant, anti-inflammatory, and neurological activities 
 ADDIN EN.CITE 
(de Oliveira et al., 2020, Timotius et al., 2021, Islam et al., 2024)
. Vitamin E, the second most concentrated compound isolated from the leaves, is a major lipid-soluble component of the cellular antioxidant defense system. Vitamin E has many functions for the human body (Devitasari and Basuki, 2022; Niki and Traber, 2012; Clarke et al., 2008; Gall and Azzi, 2010;   Rizvi et al., 2014; ). Lykkesfeldt and Carr (2023) reported that dietary Vitamin E intake is beneficial in preventing certain chronic diseases. The current study found that the leaves of the studied species exhibit a significant richness in certain phytochemical constituents. Consequently, the leaves of P. angulata are considered a promising source for phytotherapy.

Proximate and nutrient analyses of plants are essential for evaluating their nutritional value (Pandey et al., 2006). Proximate analysis indicated that nutrients were present in both the leaves and fruits of the studied species, albeit at different concentrations. The findings regarding the proximate composition of the leaves demonstrated higher levels of ash, moisture, crude fiber, crude protein, carbohydrates, and lipids compared to the fruit content.

Considering its substantial proximate composition, the present study posits that P. angulata leaves represent a viable source of nutritional supplements that are potentially beneficial in mitigating micronutrient deficiencies. This conclusion aligns with the findings of Aliero and Usman (2016), who examined the leaves of ground cherry (Physalis angulata L.) and asserted that these leaves can address micronutrient deficiencies, which serve as an indicator of mineral content in biota and reflect the mineral content retained in plant parts (Antia et al., 2006). This study demonstrated that the ash content was more pronounced in the leaves than in the fruits of the species under investigation. Furthermore, the results indicated that the crude protein content was generally higher in the leaves. According to the Council and Nutrition (1993), a crude protein content below 20% indicates low protein content in the feedstuff. Consequently, the leaves of the species studied were deemed to possess high protein content, whereas the fruits were not considered to be a sufficient protein source. A diet providing 1-2% of its caloric energy as fat is deemed adequate for humans, as excessive fat intake is associated with certain cardiovascular diseases, such as atherosclerosis, cancer, and aging (Antia et al., 2006). Therefore, the leaves and fruits of the studied species can be regarded as good sources of fat. The findings revealed a significant variation in crude fiber content between the fruits and leaves of the species studied, with the fiber content being higher in the leaves. Crude fiber primarily consists of cellulose along with a minor amount of lignin, which is indigestible in humans (Onwuka, 2005). This low level of crude fiber in fruits is considered beneficial, as it facilitates the absorption of glucose and fat. Although crude fiber enhances digestibility, its presence at elevated levels can lead to intestinal irritation, reduced digestibility, and decreased nutrient utilization (David et al., 2014). The available carbohydrate content in the leaves surpassed that in the fruits of the species studied. Given the high carbohydrate content in the leaves, their consumption could supply the body with the necessary fuel and energy for daily activities and exercise (Udousoro and Ekanem, 2013).  

5. Conclusion 
This study aimed to conduct morphological and chemical composition analyses to establish reliable information that can aid in the authentication of valuable species. This research focused on both morphological, Anatomical, and chemical composition characterizations. The morphological and Anatomical characterizations obtained offer a comprehensive understanding that facilitates the identification of the studied species. These findings indicate that Physalis angulata is abundant in proximate and phytochemical compounds. The present study confirms that Physalis angulata possesses nutritional and therapeutic potential.
6. Appendix 
Table 1: The major occurrenent and frequent phytochemical compounds separated from the fruits of Physalis. angulata:

	No.
	Compounds Name
	Molecular Formula
	Molecular Weight (g/mol)
	Retention Time
	Area (%)

	1. 
	n-Hexadecanoic acid
	C16H32O2
	256
	15.74
	1.60

	2. 
	1-Nonadecene
	C19H38
	266
	0.57
	14.17

	3. 
	Gamma Sitosterol
	C29H50O
	414
	27.47
	0.87

	4. 
	9,12-Octadecadienoic acid (Z, Z)-
	C18H32O2
	280
	17.66
	38.87


Table 2: The major occurrenent and frequent phytochemical compounds separated from leaves of Physalis angulata:

	No.
	Compounds Name
	Molecular Formula
	Molecular Weight (g/mol)
	Retention Time
	Area (%)

	1. 
	3, 7, 11, 15-Tetramethyl-2-hexadecen-1-OL
	C20H40O
	296
	14.203
	1.64

	2. 
	Phytol
	C20H40O
	296
	16.93
	61.73

	3. 
	9-Eicosyne
	C20H38
	278
	14.46
	0.31

	4. 
	Phytol, acetate
	C22H42O2
	338
	14.65
	0.53

	5. 
	9,12,15-Octadecatrienoic acid, ethyl ester, (Z, Z, Z)-
	C20H34O2
	306
	17.43
	3.38

	6. 
	Squalene
	C₃₀H₅₀
	410
	22.61
	1.61

	7. 
	Vitamin E
	C29H50O2
	430
	25.76
	7.41


Table 3: Proximate compositions of the fruits and Leaves of Physalis angulata
	Parts used 
	Moisture
	Ash
	Protein
	Fat 
	Fiber 
	Carbohydrate 

	
	(%)

	Leaves
	8.352
	16.105
	26.250
	4.502
	10.350
	34.441

	Fruit
	2.90
	1.005
	4.10
	4.00
	2.38
	6.60
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