Sterculia foetida Seed Kernel Proximate Principles, Minerals, Secondary Metabolites and Phytochemicals vary Among Landscapes of South Gujarat, India


ABSTRACT
Sterculia foetida is valued in the food, cosmetic, medicine, pesticides, bio-oil, beverage, and furniture industries and seed kernels are eaten fresh by the local people. Therefore, present study with intended objective to find out the variation in proximate principles, micro-macro minerals, secondary metabolite, and volatile phytochemical composition of Sterculia foetida across different landscapes (L1 & L8-arboreal; L2-agricultural and L3-L7-city avenue plantations) of South Gujarat, India. The objective was also to find out the superior genotypes for future improvement. Data sets generated on all attributes were analyzed using Complete Randomized Design (CRD) and F-test was done and ANOVA was constructed. Findings deduced significant (P ≤ 0.05) variations in S. foetida seed morpho-metric and kernel proximate principles namely moisture content, dry matter, crude protein, crude fiber, ether extract, acid insoluble ash, nitrogen free extract, total ash and organic matter (85.68, 14.32, 15.16, 8.81, 35.59, 2.78, 37.46, 97.02 and 2.98%, respectively).  The micro minerals viz. calcium (0.30), phosphorus (0.15) and magnesium (0.66) percentage and macro minerals namely zinc (88.59), iron (33.17), copper (14.56) and manganese (10.86) content (ppm) also exhibited significant variation except nitrogen (2.43). Seed kernel secondary metabolite like total phenols (0.70) and tannins (0.67) percentage, except saponin (0.27), varied significantly across the landscapes. Further, the gas-chromatography mass-spectrometry analysis revealed 14 volatile compounds in seed kernel methanol extract. 9-Octadecanone, nonanoic acid and stigmasterol, and 9-Octadecanone, stigmasterol and 2-Decanone were top most three compounds in seed kernel and kernel oil, respectively. Findings revealed that S. foetida seed kernel is energy rich, good amount of fat source and soluble carbohydrates. These findings on landscape variations in studied attributes would be helpful in selecting the landscapes/genotypes with higher nutritive seed kernels for further improvement.  
Keywords: hazel sterculia; proximate principle; mineral; secondary metabolite, bioactive compounds; stigmasterol; β-sitosterol
1. INTRODUCTION
Sterculia foetida L., commonly known Hazel sterculia and wild almond. It is a native plant in Australia, Bangladesh, Djibouti, Eritrea, Ethiopia, India, Indonesia, Kenya, Malaysia, Myanmar, Oman, Pakistan, Philippines, Somalia, Sri Lanka, Tanzania, Thailand, Uganda, Yemen, Republic of Zanzibar, Vietnam, Laos, and Cambodia (Bose et al. 2021). The generic name is based on the Latin word ‘stercus’, meaning ‘manure’, which refers to the smell of the flowers and leaves of some species. Fruits ripen in February, nearly 11 months after the 1st appearance of the flowers. It is valued in the food, cosmetic, medicine, pesticides, bio-oil, beverage, and furniture industries. S. foetida seeds are safe to eat and contain significant amounts of carbohydrates, protein, lipids, minerals and macro and micronutrients and possess antioxidant activity (Galla 2013, Bose et al. 2021). Seeds yield a considerable amount an edible non-drying oil, is found in both the testa and the kernel and been found to be a good biofuel. The productivity of S. foetida is reported to approx. 2000 kg seeds per tree/year (Bose et al. 2021). Due to low moisture content, S. foetida seed have a prolonged shelf life. The seed oil has anti-diabetic, anti-dermatophytic, antimicrobial, anti-cancer, anti-obesity, antifertility, and antifeedant properties. Recently its pods have been reported as potential feedstock for bioethanol production (Pasupathi et al. 2025).
On a small scale, oil from the seed is extracted and used in medicine to treat itches and other skin diseases internally and externally as a paste. Based on all the tested parameters, oil may serve as an alternative, viable source of safe edible oil (Bose et al. 2021, Farsana et al. 2022). There is a dearth of information in India on its seed kernel and its nutritive value. Therefore, the present study was proposed to fulfil this lacking pertaining to physico-chemical, micro-macro nutrient, secondary metabolite, volatile phytochemical, oil content and oil composition of S. foetida across landscapes of south Gujarat extending from Arabian cost to Satpura mountain ranges India. 
2. MATERIALS AND METHODS
2.1 Study Area Description and Seed Collection
S. foetida Seeds were collected from distantly located eight different landscapes falling in three districts namely Narmada (falls in Satpura mountain ranges and Narmada River basin), Navsari and Valsad (along Arabian Sea coast) of south Gujarat, India. Geographical location of landscapes and growth attributes of selected trees are given in table 1. Landscape Rajpipla (acronymic as RPL-L1) falls under Narmada district. It has got a prominent ridges and valley topography oriented in East-West direction. The soil type of this region is black cotton and stony. This region experiences average annual rainfall is 924.8 mm and annual maximum and minimum temperature of this region is 34.7˚C and 20.7˚C, respectively. This landscape is arboreal in nature i.e., S. foetida trees were growing in association with other tree species. 
[bookmark: _Hlk193268504]Navsari (acronymic as NVS), L1 to L4 landscapes fall under the Navsari district situated near Arabian Sea coast. Soils of this region are black rock outcrops, shallow black, brown and alluvial soils of recent origin. The region contains Orthents-Ochrepts formed and Orthents-Rock-Outcrop types of soils. The average annual rainfall in the district ranges from 1500 to 3000 mm. The average annual temperature is about 26ºC and the maximum temperature may shoot up to 46ºC and the winter temperatures 22ºC. The selected trees of these locations represent agricultural (Navsari-L2) and city landscape (Navsari-L3, Navsari-L4 and Navsari-L5). 
Valsad (acronymic as VLD; L1 to L3), locations fall under city landscapes of situated along Arabian Sea coast. Geologically it is a northern extension of Deccan Plateau of Central India, belonging to late cretaceous-early Eocene age and followed by Quaternary sediments. The region has black cotton soils. Maximum and minimum temperature 32.2 to 41.2°C and 9.9 to 23.3°C, respectively. The trees selected in these locations were along roadside avenue plantation (Valsad-L6 and Valsad-L7) and botanical garden (Valsad-L8) thus representing the city and arboreal landscape, respectively. 
In each landscape five trees were marked and height and diameter at breast height (DBH) was measured and average values are given in table 1. S. foetida Seeds were collected in bulk (January 2024) from each landscape and brought to the laboratory and seeds were extracted. 
2.2 Seed Morpho-metric and Kernel Proximate Composition 
Under each replication (n=5) 100 seeds were taken and data on morph-metric attribute i.e. seed length and width, and seed weight was recorded. The seeds were de-shelled manually to extract the kernel. The kernels were then dried in hot air oven at 65(±5)0 C for 72 hrs. The dried kernels were crushed and grounded fine using grinding mixer. The grounded powder was used for further analysis.
Under each landscape replication wise proximate parameters namely moisture content (MC %), dry matter (DM %), crude protein (CP %), crude fibre (CF %), ether extract (EE %), total ash content (TAC %), organic matter (OM %), acid insoluble ash (AIA %) and nitrogen-free extract (NFE %) of seed kernel were estimated following AOAC (2016) standard methodology.
2.3 Kernel Micro-macro Mineral and Secondary Metabolites 
Seed kernel macro (nitrogen, calcium, phosphorus and magnesium) and micro minerals (iron, zinc, copper and manganese) were estimated adopting standard procedures given by AOAC (2016). Total phenolic, tannin and saponin content was determined adopting folin-ciocalteu colorimetric method (Malick and Singh 1980), Folin-Denis method (Schanderl 1970) and Obadoni and Ochuko (2002) method. respectively.
2.4 Kernel Phytochemicals 
	S. foetida seed kernel (SFSK) methanol extract phytochemicals were detected through Gas Chromatography-Mass Spectrometry (GC-MS) partly following Sukhadiya et al. (2021).
2.5 Statistical Analysis
All respective data sets were analyzed as per standard statistical procedure using Complete Randomized Design (CRD) and F-test was done and ANOVA was constructed with following model Yij = μ + ti + eij, where Yij = an observation, μ = overall mean effect, ti = true effect of the (Ti) treatment, eij = error term of the (Yj) unit receiving (i) treatment, i = a particular treatment, j = a particular replicate Treatment means were compared at P≤0.05. Further, Duncan's multiple range test (DMRT) was adopted to compare the sets of means of each factor (Sheoran et al. 1998).
[bookmark: _Hlk194483816]3. RESULTS AND DISCUSSION
3.1 Seed Morpho-metric and Biomass Attributes
S. foetida Seed morpho-metric attributes namely seed length, width and weight varied significantly (P ≤ 0.05) among the eight studied landscapes (Table 2). Maximum seed length (22.04 mm), width (13.32 mm) and weight (2.37 g/seed) was recorded for seeds of L2 landscape (NVS-1-L2). Shortest seed length (19.20 mm) and least seed weight (1.73 g/seed) was found in seed of NVS-3-L4. The minimum seed width (11.97 mm) was of seeds from L6 landscape (VLD-1-L6). Overall, seed length, width and seed weight had average values of 20.50 cm, 12.48 cm and 1.98 g, respectively. In response to edaphoclimatic factors plant organs tend to change their morphometric attributes. The study indicated that overall, Seed length, width and seed weight had average values varied significantly. These variations in morpho-metric attributes among the studied landscapes reflects prevailing influence of both genetic and environmental factors on the individuals of these landscapes (Sukhadiya et al. 2021).
 3.2 Seed Kernel Proximate Composition
[bookmark: _Hlk171609924]Findings articulated that percentage of proximate attributes namely moisture content (MC), dry matter (DM), crude protein (CP), crude fiber (CF), ether extract (EE), acid insoluble ash (AIA) and nitrogen free extract (NFE), total ash (TA) and organic matter (OM) of S. foetida seed kernel varied significantly (P ≤ 0.05) among 8 landscapes (Table 2). Data illustrated in figure 2 indicated that maximum MC (16.77%) was in seeds of NVS-1-L2 whereas maximum DM (89.63%) was recorded in seeds of VLD-3-L8 landscape. 
Findings deduced that maximum CP (16.14%; Table 1) was found in seed kernel of RPL-L1 landscape and minimum (13.68 %) was in VLD-2-L7 landscape (Table 2). Maximum CF (10.24%), AIA (3.23%) and TA (3.30%) percentage was in seed kernel from VLD-3-L8 landscape. Minimum CF, AIA and TA was obtained in seed kernel of NVS-3-L4, NVS-4-L5 and NVS-2-L3 landscapes, respectively (Table 2).  
Highest EE (38.83%) was recorded in kernel from VLD-1-L6 landscape and minimum was in RPL-L1 landscape kernels. Maximum NFE (40.95%) and OM (97.19%) was in seed kernel collected from NVS-2-L3 (Table 2) and VLD-3-L8 landscape had lowest values of these two attributes. Overall, average MC, DM, CP, CF, EE, AIA, NFE, TA and OM content was 85.68, 14.32, 15.16, 8.81, 35.59, 2.78, 37.46, 97.02 and 2.98%, respectively among 8 studied landscapes.
[bookmark: _Hlk172500908]In present study, MC was found higher as compared to earlier reports carried out elsewhere (Chanyawiwatkul et al. 2018, Devarajan et al. 2022). Moisture content range obtained in our investigation falls within range of S. setigera, a sister species of same genus (Idu et al. 2008). Crude protein (CP) refers to the total protein content in a substance. It is considered as one of the important parameters determining the nutritive value of any food stuff. The basic role of protein in nutrition is to supply adequate amount of amino acids. In present study, crude protein (CP) content in the SFSK ranged from 13.68 to 16.14 per cent with average value of 15.16%. The range of CP content reported from S. setigera and Madhuca longifolia seeds (Adelakun et al. 2014, Ramadan et al. 2016) is in congruence with the range reported in in this study. In our study, CP is higher as compared to reported in some earlier studies in this species (Chanyawiwatkul et al. 2018, Farsana et al. 2022, Devarajan et al. 2022). Although, CP in some other oil yielding species (Arachis hypogaea and S. setigera seeds kernel) have also been reported higher (Ayoola et al. 2012, Yusuf 2023). Based on crude protein content of air-dried concentrates, concentrates having CP less than 18% are classified as energy rich sources (Anon 2012). Hence, S. foetida could be utilized as energy rich food source. Therefore, based on this study SFSK of RPL-L1 stands better followed by NVS-1-L2 landscape. 
Components that are hardly digestible are referred to be parts of crude fibre (CF) content. The results of the present study indicated that SFSK CF content varied between 7.39 to 10.24 per cent with average 8.81 per cent. Food stuffs having crude fibre less than 18% (Anon 2012), are advocated as good feed source, hence SFSK could be considered as good stuff with low fibre content. In general, higher the fibre, lower the energy content of feed (Anon 2012). Therefore, based on this study SFSK of NVS-3-L4 stands better followed by NVS-1-L2 landscape. S. setigera seed crude fibre content reported by Idu et al. (2008) falls within the range obtained in SFSK in the present study. However, some studies (Adelakun et al. 2014, Yusuf 2023) have reported lower CF in S. setigera and S. urens (Ojiodu et al. 2009, Ayoola et al. 2012, Galla et al. 2012). Many TBOs, edible and non-edible seed oil species have been reported to contain higher CF content (Djenontin et al. 2012) compared to SFSK reported in the present investigations.  
 Ether extract (EE) is considered as a fat representative in any food stuff. In the present study, SFSK EE content varied between 31.94 to 38.83 per cent with an overall average of 35.59 per cent. These values are higher than those reported in two sister species i.e.  S. setigera and S. urens (Idu et al. 2008, Galla et al. 2012, Adelakun et al. 2014). 
 	The findings of the present investigation articulated that AIA content ranged from 2.53 to 3.23% among studied sources and overall, it was 2.78 per cent. The NFE content represents the soluble carbohydrates such as starch and sugar (Anon 2012). In present investigation, S. foetida NFE ranged from 32.89- 40.95% and overall, an average of 37.46% was recorded amongst the studied landscapes. NFE content of S. foetida is comparable to S. setigera seed kernel where some reports suggest higher (Adelakun et al. 2014, Yusuf 2023) and a few others reported less (Idu et al. 2008) as compared to S. foetida in our findings. Total ash content represents an inorganic matter of any substance. Our study deduced that the total ash (TA) content varied between 2.81 and 3.30 per cent, with average value of 2.99 per cent. These findings are in congruity with Chanyawiwatkul et al. (2018). The TA content in S. setigera (Adelakun et al. 2014, Yusuf 2023) is in congruence with the range obtained S. foetida. In present study, organic matter (OM) content ranged from 96.70 to 97.19 per cent with an average value of 97.02 per cent.
3.3 Seed Kernel Mineral Composition
The results pinned out that percentage of macro mineral namely calcium (Ca), phosphorus (P) and magnesium (Mg) in SFSK varied significantly (P≤0.05), except nitrogen (N), among the different landscapes (Figure 1A). Whereas, all micro minerals viz., zinc (Zn), iron (Fe), copper (Cu) and manganese (Mn) content (ppm) showed significant variation between landscapes (Figure 1B). Among macro minerals, there was no significant variation in nitrogen (N) percentage among the landscapes (Figure 1A). However, it ranged from 2.19 (VLD-2-L7 landscape) to 2.58% (RPL-L1 landscape). An average of 2.43% N was estimated in all studied landscapes. NVS-4-L5 landscape had highest P content (0.334%), whereas Ca (0.19%) and Mg (0.84%) was highest in seeds kernel of NVS-3-L4 landscape. Minimum P (0.23%) and Ca (0.12%) was in RPL-L1, whereas Mg was lowest (0.55%) in seed kernel of NVS-2-L3 landscape. 
Overall, an average N, P, Ca and Mg content of 2.43, 0.30, 0.15 and 0.66%, respectively was recorded among the 8 landscapes.  
[bookmark: _Hlk192861610][bookmark: _Hlk192861617][bookmark: _Hlk192861626][bookmark: _Hlk192861633]Among micro minerals (Figure 1B), zinc content (111.25 ppm) was significantly higher in seed kernel of NVS-1-L2 landscape, whereas Fe (40.75 ppm) and Cu content was significantly higher (19.33 ppm) in VLD-3-L8 landscape seed kernel. Further, seed kernel Mn of VLD-1-L6 landscape was significantly higher (12.78 ppm). Study deduced that lowest Zn (62.52 ppm) and Cu was (10.50 ppm) was in NVS-4-L5 whereas Fe (26.27 ppm) and Mn was minimum (8.54 ppm) in seed kernel of NVS-2-L3 landscape. Overall, average Zn, Fe, Cu and Mn of 88.59, 33.17, 14.56 and 10.86 ppm, respectively was recorded in all landscapes.
Minerals are vital for normal growth, reproduction, health and proper functioning of the human or animal body (Chanyawiwatkul et al. 2018, Farsana et al. 2022). Minerals protect and maintain the structural components of the body, organs and tissues, and are constituents of body fluids and tissues as electrolytes. Minerals catalyze several enzymatic processes and hormone systems; maintain acid-base balance, water balance and osmotic pressure in the blood and cerebral spinal fluids. Therefore, SFSK could be a good substitute to meet these body requirements (Galla 2013, Chanyawiwatkul et al. 2018, Farsana et al. 2022).
[bookmark: _Hlk194162804]Among macro minerals, the average P and Mg reported in S. foetida is well above the critical level where as Ca below is below the critical level from animal feed source point (Anon 2001) and human consumption (Chanyawiwatkul et al. 2018, Farsana et al. 2022). In present study, nitrogen content in SFSK did not vary significantly between the landscapes studied in southern Gujarat. N content ranged from 2.19 to 2.58%, with an overall average percentage of 2.43. 
Phosphorous is essential for strengthening the skeleton, teeth, improving blood plasma, assimilation of carbohydrates, fats protein synthesis and necessary for enzyme activation (Anon 2001, Ali 2023). P content in present study ranged from 0.23 to 0.34%, with overall average percentage of 0.30. Higher P content has been reported in seed and seed kernel of Azadirachta indica, Carapa procera, Arachis hypogaea and S. setigera (Djenontin et al. 2012, Yusuf 2023) compared that reported in S. foetida in the present study. Bischofia javanica, an oil seed tree species (Indra et al. 2013) has P content (0.39%) closest to range observed in present study.
Calcium is an important mineral both in terms of the relative requirement and the diversity of functions in the body. It is a major component of the skeleton (99.00%), which also serves as a calcium storage site. The present study deduced that Ca content in SFSK varied significantly among landscapes. It ranged from 0.12 to 0.19%, with overall average of 0.15% of all the studied landscapes. Ca content in SFSK reported in present study is higher than earlier reports (Bose et al. 2021). S. setigera have been reported to contain more Ca content (Yusuf 2023) as compared to SFSK reported in our study, however it is higher as compared to A. hypogaea and J. curcas (Ojiodu et al. 2009). 
The results of the study evinced that, there was significant variation in Mg content in SFSK collected from 8 different landscapes. Mg content ranged from 0.55 to 0.84%, having overall average of 0.67% in studied landscapes. Magnesium is essential in energy metabolism, transmission of the genetic code, membrane transport, and nerve impulse transmission and is considered to be an important factor in the occurrence tetany in animals (Farsana et al. 2022). Mg reported in our study is quite higher compared to that reported by Bose et al. (2021) in S. foetida. Mg content in common species like A. indica, C. procera and B. javanica (Djenontin et al. 2012, Indra et al. 2013) is in line with range obtained in present study.   
[bookmark: _Hlk178069358][bookmark: _Hlk194162891][bookmark: _Hlk194162911] 	The range of micro nutrients namely Zn and Cu reported in S. foetida kernel in our study is well above the critical level and that of Fe and Mn is below the critical level (Anon 2001, Chanyawiwatkul et al. 2018, Farsana et al. 2022). In our study, Zn content ranged from 62.52 to 111.25 ppm, having overall average of 88.59 ppm in studied landscapes. The level of Zn is much higher as reported in many other species.  Bose et al. (2021) have reported higher Zn content (138.33 ppm) is S. foetida than the present study. Lower Zn content was reported in some species like M. oleifera, Vitellaria paradoxa seed kernel than the present study. Zn content reported in groundnut seed (Ojiodu et al. 2009, Ayoola et al. 2012) is lower than S. foetida. Zinc is one element, which is found to be deficient in many feed and food commodities across different geographical zones of India. Hence, S. foetida kernel are rich source of Zn which can help prevent risks of mastitis (in livestock), night blindness, parakeratosis and reproductive failure, which may result from deficiency Zn (Singh and Pachauri 2001).
 	Fe content ranged between 26.27 to 40.75 ppm, having overall average of 33.17 ppm. Earlier, Bose et al. (2021) have also reported similar range of Fe content in this species and some other species also contain same Fe content (Indra et al. 2013). Compared to S. foetida groundnut seed has lower Fe content (Ojiodu et al. 2009, Ayoola et al. 2012). Cu content was recorded varied range between 10.50 to 19.33 ppm, having overall average of 14.56 ppm. In earlier study Bose et al. (2021) have reported Cu content in S. foetida (16.67 ppm) which is comparably similar with results observed in present study. Mn content ranged from 8.54 to 12.78 ppm, having overall average of 10.86 ppm. Cu and Mn content reported by Bose et al. (2021)   in S. foetida is in line with range obtained in current research. 
3.4 Seed Kernel Secondary Metabolites 
[bookmark: _Hlk192861800][bookmark: _Hlk194163176]	The data illustrated through figure 2 A, B and C expressed that among seed kernel secondary metabolites, except saponin, total phenols and tannins content varied significantly (P ≤ 0.05) across the studied landscapes of south Gujarat. Results evinced that significantly maximum total phenols content (0.089%) was in seed kernel of NVS-1-L2 (Figure 2A) and tannin content (0.31%) was highest in VLD-3-L8 landscape (Figure 2B). 
[bookmark: _Hlk192861866][bookmark: _Hlk192861879][bookmark: _Hlk192861892]Minimum phenols (0.059%) content was in seed kernel from VLD-1-L6 and minimum tannin content of 0.23% was in seed kernel of NVS-4-L5. There was no significant variation in seed kernel saponin content (Figure 2C). Nonetheless, saponin ranged 0.58-0.82 per cent. Overall, an average of 0.70, 0.27 and 0.67% total phenols, tannin and saponin, respectively was recorded in 8 landscapes of southern Gujarat
[bookmark: _Hlk194503447]Plant secondary metabolites are important components of human and animal diet as they have many important biological properties which are need for body growth and development and may of interest in pharmaceutical sector (Ogbu et al. 2015, Chanyawiwatkul et al. 2018, Haleshappa et al. 2022). Total phenols content refers to the number of phenolic compounds present in feed/food stuffs and are a class of phytochemicals that are known for their antioxidant properties (Xuan et al. 2018). In present study, the total phenols content is higher compared to that reported by Chanyawiwatkul et al. (2018) in this species.   
[bookmark: _Hlk178071272][bookmark: _Hlk194163223][bookmark: _Hlk178071507]	Tannins are a type of compound found in plants, known for their astringent, bitter taste and ability to bind to proteins and other molecules. Tannin binds to proteins including enzymes of the digestive tract thereby affecting the utilization of protein. Anti-nutritional factors such as tannins decrease food intake due to their astringent properties (Ogbu et al. 2015). However, in our study S. foetida showed quite less and is well below the toxic limit to animal i.e. more than 5 per cent has been reported to be toxic (Bhat et al. 2013). The tannin content in S. setigera (Yusuf 2023) seeds kernel (0.34%) falls in the level with S. foetida in our study. Seeds of some species like S. glauca and M. longifolia contain higher tannins compared to S. foetida (Ramadan et al. 2016, Haleshappa et al. 2022).  Higher saponins content, which are often bitter, can decrease the palatability of plants for animals, making them less appealing as a food source. Saponins have been reported to cause depression in feed intake. Some TBOs/edible oil species like M. longifolia and Jatropha curcas (Ramadan et al. 2016) contain higher saponin content compared to that recorded in S. foetida and Simarouba glauca contains lower saponin (Haleshappa et al. 2022). In general, variations in S. foetida proximate and secondary metabolites composition are discernible due to varied edapho-climatic, geographical and genetic makeup of the individuals of the species amongst the studied landscapes (Sukhadiya et al. 2021). 
3.5 Seed Kernel Volatile Phytochemicals
The phytochemicals detected through gas-chromatography mass-spectrometry (GC-MS) in SFSK are presented in table 3. The chromatograms showing retention time and relative abundance of volatile phytochemical compounds detected in SFSK are depicted in figure 3.
	In SFSK powder, total 14 phytochemicals were identified in 8 landscapes of south Gujarat selected in present study. Among them phytochemicals viz., octanal, cyclopropane pentyl-, 2-decanone, nonanoic acid, nonanoic acid, octyl ester, n-hexadecanoic acid, 9-octadecanone, 12-tricosanone, hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester, hexadecanoic acid, octyl ester, octadecanoic acid, 2,3-dihydroxypropyl ester, squalene, stigmasterol and β-sitosterol were detected with relative area 68.76, 17.62, 71.63, 76.32, 21.47, 47.22, 87.35, 18.00, 57.31, 69.55, 36.40, 49.13, 73.99 and 50.06 %, respectively (Table 3). 
Different compounds extracted from the plants possess various properties that which have significant effects on the health and nutrition of humans and livestock. S. foetida kernel has anti-diabetic, antidermatophytic, antifungal, antifungal, insecticide, anticancer, anti-obesity, antibiotic, antiviral, hormonal, carcinogenic and antitumoral properties (Farsana et al. 2022). Seeds are safe to eat raw or cooked without any toxicity in humans or animals. A number of flavonoids, phenolics, steroids, coumarins, phenylpropanoids and cerebrosides have been found in the roots, leaves, seeds and barks of this species and triterpenoids, steroids, and fatty acids have also reported (Pham et al. 2021). Phytosterols (stigmasterol, β-sitosterol and squalene) exhibit various beneficial properties, including analgesic, immune-regulating, anti-inflammatory, antioxidant, anticancer, and anti-aging effects, as well as the ability to prevent cardiovascular diseases (Luana et al. 2024). β–Sitosterol is one of the main dietary phytosterols belonging to the class of organic compounds known as stigmastanes (Sharma et al. 2021). The provenances studied in the present study could be source for further improvement to get kernel beneficial volatile compounds.
4. CONCLUSION
[bookmark: _Hlk205136443][bookmark: _Hlk205136533][bookmark: _Hlk205136920][bookmark: _Hlk205136965]The present findings deduced significant variations in S. foetida seed morpho-metric and seed kernel proximate principles, micro and macro nutrient, secondary metabolite and oil content varied significantly across the landscapes. Based on the corroboration with other edible seed species the study indicated that SFSK is an energy rich, good amount of fat source and soluble carbohydrates as expressed by the values of CP, EE and NFE. The findings on macro and micro mineral content revealed that the average P, Mg, Zn and Cu reported in S. foetida is well above the critical level where as Ca, Fe and Mn is below the critical level from animal feed source point and human consumption. Further, the saponin, total phenols and tannins are well below the toxic limit to animal and human and could have antioxidant properties. Gas-chromatography mass-spectrometry revealed 14 volatile compounds in seed kernel, phytochemicals which have been reported to have many beneficial biological properties.
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Table 1. Geographical location and average growth attributes of selected S. foetida trees in different landscapes of south Gujarat India 
	Landscapes (L)
	Altitude (m)
	Latitude (N)
	Longitude (E)
	Tree height (m)
	DBH (cm)

	RPL-L1
	67
	21°85'81''
	73°51'87''
	22.50
	45.06

	NVS-1-L2
	33
	20°92'23''
	72°90'52''
	21.20
	68.30

	NVS-2-L3
	34
	20°97'03''
	72°93'42''
	10.60
	32.80

	NVS-3-L4
	33
	20°93'67''
	72°94'01''
	15.30
	49.90

	NVS-4-L5
	39
	20°94'63''
	72°93'49''
	18.80
	51.70

	VLD-1-L6
	30
	20°60'42''
	72°91'38''
	12.40
	46.60

	VLD-2-L7
	33
	20°60'82''
	72°90'83''
	8.60
	34.19

	VLD-3-L8
	32
	20°60'46''
	72°91'37''
	21.50
	36.00


(DBH= Diameter at Breast Height); RPL=Rajpipla; NVS=Navsari; VLD=Valsad


Table 2 Variation in S. foetida seed morpho-metric and kernel proximate composition among different landscapes of south Gujarat
	Landscape (L) 
	Seed length (mm)
	Seed width (mm)
	Seed weight 
(g)
	MC (%)
	DM (%)
	CP (%)
	CF (%)
	EE 
(%)
	AIA (%)
	TA (%)
	NFE (%)
	OM (%)

	RPL-L1
	19.23c
	12.46bcd
	1.85cd
	12.25de
	87.75ab
	16.14a
	9.63a
	31.94d
	2.83bc
	2.83b
	39.46a
	97.17 ab

	NVS-1-L2
	22.04a
	13.32a
	2.37a
	16.77a
	83.23e
	16.12a
	7.55bc
	33.12d
	2.80bcd
	3.07ab
	40.14a
	96.93 ab

	NVS-2-L3
	20.28b
	12.28cd
	1.91c
	13.41cd
	86.59bc
	14.55ab
	8.89abc
	32.80d
	2.73bcde
	2.81b
	40.95a
	97.19a

	NVS-3-L4
	19.20c
	12.04cd
	1.73e
	15.80ab
	84.20de
	15.44ab 
	7.39c
	37.60abc
	2.58cde
	2.84b
	36.73b
	97.16 ab

	NVS-4-L5
	19.47c
	12.10cd
	1.76de
	16.45e
	83.55e
	14.49ab
	9.85a
	36.27bc
	2.53e
	3.00ab
	36.39b
	97.00 ab

	VLD-1-L6
	21.94a
	11.97d
	1.89c
	15.43abc
	84.57cde
	15.83a
	9.02ab
	38.83a
	2.57de
	3.00ab
	33.29c
	96.97 ab

	VLD-2-L7
	21.62a
	12.98ab
	2.28a
	14.06bcd
	85.94bcd
	13.68b
	7.93bc
	35.60c
	2.97b
	3.00ab
	39.80a
	97.00 ab

	VLD-3-L8
	20.26b
	12.68abc
	2.03b
	10.37a
	89.63a
	15.03ab
	10.24a
	38.53ab
	3.23a
	3.30a
	32.89c
	96.70 ab

	Mean
	20.50 
	12.48
	1.98
	14.32
	85.68
	15.16
	8.81
	35.59
	2.78
	2.98
	37.46
	97.02

	SEm (±)
	0.18
	0.22
	0.03
	0.77
	0.66
	0.87
	0.52
	1.80
	0.18
	0.29
	2.20
	0.29


MC= Moisture Content; DM=Dry Matter; CP=Crude Protein; CF= Crude Fibre; EE=Ether Extract; AIA=Acid Insoluble Ash; TA=Total Ash; NFE=Nitrogen Free Extract; OM=Organic matter; RPL=Rajpipla; NVS=Navsari; VLD=Valsad; Letter different in same vertical column are significantly different according to Duncan’s multiple range test (P ≤ 0.05)

[bookmark: _Hlk173973966]Table 3. Volatile phytochemicals of S. foetida seed kernel detected through Gas chromatography-mass spectrometry (GC-MS)
	Sr. No.
	Compound
	Chemical formula
	Molecular weight (g/mol)
	Retention time
(min)
	Relative area
(%)

	1. [bookmark: _Hlk173974051]
	Octanal
	C8H18O
	128.21
	8.169
	68.76

	2. 
	Cyclopropane, pentyl-
	C8H16
	112.21
	10.245
	17.62

	3. 
	2-Decanone
	C10H20O
	156.26
	14.048
	71.63

	4. 
	Nonanoic acid
	C9H18O2
	158.23
	16.610
	76.32

	5. 
	Nonanoic acid, octyl ester
	C17H34O
	270.46
	30.839
	21.47

	6. 
	n-Hexadecanoic acid
	C16H32O2
	256.43
	32.563
	47.22

	7. 
	9-Octadecanone
	C18H36O
	268.48
	32.848
	87.35

	8. 
	12-Tricosanone
	C23H46O
	338.62
	38.479
	18.00

	9. [bookmark: _Hlk173974203]
	Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester
	C19H38O4
	330.50
	55.901
	57.31

	10. 
	Hexadecanoic acid, octyl ester
	C24H48O2
	368.64
	57.289
	69.55

	11. 
	Octadecanoic acid, 2,3-dihydroxypropyl ester
	C21H42O
	358.56
	59.261
	36.40

	12. 
	Squalene
	C30H50
	410.73
	60.479
	49.13

	13. 
	Stigmasterol
	C29H48O
	412.70
	64.875
	73.99

	14. 
	β-Sitosterol
	C29H50O
	414.70
	65.626
	50.06
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Fig. 1. Variation in S. foetida seed kernel A) macro mineral viz., nitrogen (N; SEm=±0.14), phosphorous (P; SEm=±0.02), calcium (Ca; SEm=±0.01) and magnesium (Mg; SEm=±0.04) and B) micro mineral viz., zinc (Zn; SEm=±1.69), iron (Fe; SEm=±1.88), copper (Cu; SEm=±1.24) and manganese (Mn; SEm=±0.78) composition among different landscapes of south Gujarat; L=Landscape; RPL=Rajpipla; NVS=Navsari; VLD=Valsad; Letter different in vertical bars are significant difference and with same letters non-significant difference according to Duncan’s multiple range test [(P≤0.05); except nitrogen]
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[bookmark: _Hlk171790487]Fig. 2 Variation in S. foetida seed kernel A) total phenols content (SEm= ±0.01) B) tannin content (SEm=±0.02) and C) saponin content (SEm=±0.08) among different landscapes of south Gujarat; L=Landscape; RPL=Rajpipla; NVS=Navsari; VLD=Valsad; Letter different in vertical bars are significantly different and vice versa according to Duncan’s multiple range test (P ≤ 0.05)
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Fig. 3. GC-MS chromatogram showing retention time and relative abundance of volatile phytochemical compounds detected in S. foetida seed kernel  
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