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Abstract

:

Fruits that are rich in nutrients and have antioxidant properties are essentially required for human health. These fruits are quite demanding to use pharmaceutically to produce natural drugs. Tripura, a Northeast state of India, is abundant in wild edible fruits, the nutritional values of which have not yet been fully explored. The nutrient composition and antioxidant properties of 06 (six) wild edible fruits viz. Wild orange (Citrus macroptera), Chinese lard (Hodgsonia macrocarpa Cogn.), Madhabilata (Stixis suaveolens Roxb. Pierre), Wild small black Jamun (Syzygium assamicum), Indian coffee plum (Flacourtia jangomas Lour. Raeusch), and Gamboge (Garcinia gummi-gutta (L.) Robs) were explored and are reported in this paper. All the observations were statistically analyzed and properly presented here. The study reveals that wild orange (220.75 mg/100 g) and Indian coffee plum (223.25 mg/100 g) are vitamin C-rich fruits. Madhabilata has high protein content (0.744%), whereas Gamboge yields an energetic fruit (124.92 Kcal/100 g). The energy parameter has a good correlation with ash (correlation coefficient (r) = 0.68), TSS (r = 0.62), and protein (r = 0.83). Nutrient minerals (mg/100 g), in general, are found quite high in wild orange (Na, 170.4; K, 55.40; Mg, 61.53; Zn, 6.85; Cu, 6.25). There is a good correlation between Na and K (r = 0.58). Antioxidant activity (81.15 μmol/g) and metal chelating capacity (MCC) (39.45 mg/mL) are high in wild orange, and they have an excellent correlation (r = 0.97). It has quite a high value of total phenolic content (TPC) (303.89 mg GAE/g) and total flavonoid content (TFC) (36.78 mg QE/g) as well. TPC and TFC have good correlations with antioxidant parameters (r = 0.81 with TPC and 0.86 with TFC). Chloride (4.35 mg/100 g), nitrate (0.639 μg/100 g), and As(III) (0.27 mg/100 g) contents are found high in Indian coffee plum, Madhabilata, and Wild black Jamun, respectively. Principal component analysis (PCA) revealed that total sugar, zinc (Zn), manganese (Mn), and copper (Cu) are the important indicators to be given emphasis while studying the nutritional value of these minor fruits. Moreover, the results would provide a baseline database for the nutrient profile of these fruits as well as enhance awareness among the masses regarding the value of the fruit, which enhances and conserves the biodiversity of the forest area of Tripura.
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1. Introduction


Nutrients are essential for good health. People in urban and rural areas get their required nutrients from a variety of foods, particularly fruits. Lack of nutrients gives birth to many diseases; two well-known examples are scurvy (lack of vitamin C) and anemia (deficiency of iron). Antioxidants are another key component that reduce the risk of chronic diseases by destroying free radicals deposited on various tissues, thereby protecting them from oxidative damage. Lacking antioxidants means it opens the door for many diseases. Therefore, to accomplish nutrients/antioxidants urban people sometimes take supplements that are available in markets. However, the scenario is quite different for tribal people who live in forests or nearby areas and are generally called forest dwellers. They largely depend on forest products and, to some extent, on cultivated products for their livelihood [1,2,3,4,5]. Plants that obtain their nutrients through natural and biological processes are more resilient to environmental stress than crops that obtain their primary nutrition artificially through highly soluble chemical fertilizers [6]. This is mainly achieved through optimal soil and water management, the building of soil structure and fertility, and the choice of locally adapted robust crop varieties. Comparative studies have shown a higher content of beneficial, health-promoting secondary plant compounds in wild edible fruits [7,8]. However, malnutrition is high among the tribal population [9,10] and they suffer from a variety of ailments [11,12]. According to the National Family Health Survey (NFHS-3) in India, tribal people had a higher incidence of childhood stunting (52.3%) than non-tribal ones (42.8%) in India (Figure S1) [13].



There are 427 tribal communities in India (see ESI, Figure S1), with 30.44% (~130) belonging to the Northeast (NE) region [14]. Tripura, one of the eight NE states, has 19 (nineteen) tribal communities, the majority of which are forest dwellers. The forests of Tripura are diversified with non-timber products, and tribal people get their nutrients from such products. Numerous wild edible fruits are termed minor/underutilized fruits due to a lack of awareness of their nutritional value among the common people of Tripura. Indigenous people have a rich knowledge of the folk medicinal values of such fruits [15]. Thus, it is quite clear that fruit ingredients have medicinal properties. Interestingly, without knowing the ingredients or working components of fruit, they continue their practices year after year. Research in such areas is thus extremely appealing [16,17,18] and delivers many aspects. Some reports were published about wild edible fruits in Tripura and their utilization among tribal communities [15,19,20,21,22]. Investigations were done on Hodgsonia heteroclite [23], Flacourtia jangomas [24,25], Artocarpus chama (Buch.-Ham) [26], and Stixis suaveolens (Roxb) [27,28,29] by some research groups. Moreover, wild edible fruit species are diverse and familiar to tribal people, yet civilians are unfamiliar with their nutritional values. In our recent paper [30], we value and other associated properties of the two fruits: wild jackfruit (Artocarpus cham a Buch.-Ham.) and Indian red peer (Protium serratum Engl.). There is very limited study on the nutritional composition of the wild edible fruits found in NE Indian states. The objective of the study was to evaluate the nutritional, elemental, and antioxidant properties of the six (06) wild edible fruits such as wild orange (Citrus macroptera), Chinese lard (Hodgsonia macrocarpa Cogn.), Madhabilata (Stixis suaveolens Roxb. Pierre), wild small black jamun (Syzygium assamicum), Indian coffee plum (Flacourtia jangomas Lour. Raeusch), and Gamboge (Garcinia gummi-gutta (L.) Robs) and their relationships among them. Phytochemicals produced by such plants are associated with the prevention of diseases in humans under changing climatic conditions as well as increasing awareness regarding the value of these wild fruit plants among forest dwellers.




2. Materials and Methods


2.1. Sample Collection


The six (06) fresh fruits include wild orange (Citrus macroptera), Chinese lard (Hodgsonia macrocarpa Cogn.), Madhabilata (Stixis suaveolens Roxb. Pierre), wild small black Jamun (Syzygium assamicum), Indian coffee plum Flacourtia jangomas Lour. Raeusch), and Gamboge (Garcinia gummi-gutta (L.) Robs), which were collected from different hilly areas of Khowai, West Tripura, Sipahijala, and Dhalai districts of Tripura during February 2018 to August 2019 (Figure S2). The required analytical reagent grade chemicals for analysis were purchased from reputed companies such as Sigma-Aldrich, Alpha, Hi-media, and Merck. Ultrapure distilled water was used and collected from Mili-Q instruments. The UV-vis spectrophotometer (Perkin Elmer, Lamda-25) and atomic absorption spectroscopy (Thermo Scientific AAS ICE3011) instruments were used. Apparatus such as crucibles, hot air oven, electronic balance, desiccators, etc., were integrated as part of the sample analysis.




2.2. Sample Preparation


The collected whole fresh wild edible fruits (six numbers, as stated above) were first thoroughly washed with aqueous ethanol followed by distilled water to make the fruit’s surface clean and dust-free. After washing, the fruits were soaked off the water by blotting paper and allowed to air dry. The air-dried fruits were then cut into small pieces and dried in an oven at (50–60) °C. The small pieces of each fruit were ground in powder form. For the quantitative study, the powdered materials were finally sieved through 20 µm and packed in sealed containers. After that, the samples were subjected to analyzing for nutrient values, sugars, vitamin C, energy, TPC, TFC, MCC, and antioxidant properties. The measurements were done on a dry weight basis.




2.3. Nutrient Contents


The quantifications of macronutrients such as moisture, ash, and protein content present in the fruits were made following reported methodologies [30].




2.4. Mineral Nutrients Contents


A 10 g fruit powders sample were taken for estimation of mineral contents. In this connection, fruit powder was repeatedly digested in concentrated nitric acid until the residue became colorless. Following digestion, the volume was increased to 100 mL by adding distilled water and filtered through Whatman (no.40) paper. During the process, we had taken care to avoid any contamination. Minerals such as Na, K, Mg, Zn, Cu, Ni, Co, Mn, Cr, Cd, and Pb were estimated [31] from the prepared sample solution by atomic absorption spectroscopy (AAS). For estimation of Hg, 0.5 g of fruit samples were digested with 5 M HCl solution, and AAS by cold vapor mode through VP-100 was used in the same way as for other minerals. First, standard Hg solutions were run for calibration, and then samples were opted to measure the Hg. Thus, the concentration of Hg was estimated by correlating absorbance with the calibration graph and using the dilution factor [31].


Hg (mg/Kg) = wt. of sample (gm) × times of dilution (dilution factor)












2.5. Sugar Contents and Energy


Sugars in the form of total sugar, reducing sugar, and non-reducing sugar were determined using a UV-vis spectrophotometer. Total sugar was estimated by using anthrone reagent [32], a color-developing reagent. Typically, 25 mg of a fruit powder sample was dissolved in 10 mL of 80% ethanol and centrifuged at 4000 rpm for 10 min. The supernatant was then collected and made up the volume to 10 mL. The extract (0.1 mL) was added into 4 mL of anthrone solution (conc. H2SO4) and heated for 10 min in a boiling water bath. After cooling at room temperature, the absorbance (A) at 625 nm was measured in a UV-vis spectrophotometer against a reagent blank. The total sugar content was quantified using the standard curve of glucose (A625 = 0.0043[glucose] + 0.0331, R2 = 0.9714) made from the known concentrations of glucose (10–200 µg/mL) in anthrone reagent solution.



Reducing sugar in the fruit samples was determined by following Somogyi-Nelson’s method [33]. The extract (1.0 mL) was mixed with 1.0 mL of Somogy’s alkaline copper sulfate reagent. Then, the mixture was incubated in a water bath at 100 °C for 10 min. When the mixture had cooled to room temperature, 4.0 mL of Nelson’s arsenomolybdate reagent was added. The bluish green color developed, and its absorbance was measured at 660 nm in a UV-vis spectrophotometer. The values were calculated using a standard curve (A660 = 0.004[glucose] + 0.0176, R2 = 0.9878) prepared from known concentrations of glucose (10–150 µg/mL). Non-reducing sugar was estimated by the reported method [33]. The difference between the total soluble sugar and reducing sugar without hydrolysis corresponds to the quantity of non-reducing sugar. Thus, the amount of non-reducing sugar was calculated from the above experimental data.



The IKA Bomb calorimeter was used to estimate the energy (J/g) [34]. The fruit samples (2.0 g) in the form of a pellet were placed in the bomb calorimeter consisting pressurized oxygen bomb (30 bar). The bomb along with the sample pellet was then immersed in a weighed amount of water. The temperature of the water was recorded with a differential thermometer. Thereafter, the sample was ignited by means of an electric fuse. Upon complete combustion, the liberated heat was absorbed by the water; the rise of temperature of water was continuously determined, till the readings became stable. By knowing the heat capacity of the bomb calorimeter material, water, and of fuse wire, the exact amount of heat released was calculated.




2.6. Vitamin C: Ascorbic acid Content


Ascorbic acid content present in the fruit samples was quantified following the 2,4-dinitrophenylhydrazine (2,4-DNPH) method and using UV-vis spectroscopy tool [30]. Typically, fresh fruit samples (1.0 g) were ground first and then extracted with meta-phosphoric acid (10 mL, 5% meta-phosphoric acid in 10% acetic acid solution in water) followed by filtration. The filtrate was treated with a few drops of bromine water and thiourea solution. Similarly, standard ascorbic acid solutions (5–50 µg/mL) were also prepared. To all mixtures, either samples or standard ascorbic acid solutions, 0.1 mL 2,4-DNPH was added and kept undisturbed for 2 h. Thereafter, all the solutions were treated with 85% sulphuric acid solutions (0.5 mL) in cold conditions. The absorbance intensities of the resulting mixtures were measured at 520 nm. The data of the standard ascorbic acid solutions were used to construct a calibration curve (A520 = 0.0083[ascorbic acid] + 0.0239, R2 = 0.9923), from which, the ascorbic acid contents of the fruit samples were determined and expressed in mg/100 g.




2.7. Antioxidant Property: Study of DPPH Radical Scavenging Activity


The edible portion of each fruit sample (4 g) was taken and homogenized with 50% aqueous methanol (8 mL) with occasional agitation for 30 min. The extracts were then centrifuged at 2000 rpm for 15 min and collected the supernatant for DPPH free radical scavenging assay. Antioxidant properties of the fruits were measured by monitoring absorbance at 517 nm using a UV-vis spectrophotometer and expressed in terms of radical scavenging activity of the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical (μmol/g), as described in our prior report [30,35]. The IC50 (half maximal inhibitory concentration) value, the concentration of the sample that could scavenge 50% of DPPH free radical, was determined.




2.8. Metal Chelating Capacity (MCC)


The MCC values of the fruits extract, as stated above, were determined by performing Fe2+-ferrozine assay. The formation of Fe2+-ferrozine complex would be inhibited by the fruit ingredients and could be monitored at 562 nm with a UV-vis spectrophotometer. The MCC value obtained is expressed in mg/mL. The detailed procedure was described in our recently published paper [30].




2.9. Total Phenolic Contents (TPC)


The methanolic extracts of peel and pulp of the fruits (5.0 g in 20 mL of 70% methanol) were used to evaluate the total phenolics content (mg of gallic acid (GA)/g) using the Folin–Ciocalteu (F–C) colorimetric method [30]. Absorbance at 725 nm vs. gallic acid standard (0–320 µg/mL) data were used to construct a calibration curve (A725 = 0.0007[gallic acid] + 0.0915, R2 = 0.946) for determining TPC value. TPC values were calculated for each sample using the expression, C = c V/m, where, C = TPC in mg GAE/g dry extract, c = [gallic acid] obtained from calibration curve in mg/mL, V = volume of extract in ml, m = mass of extract in gram.




2.10. Total Flavonoid Contents (TFC)


The total flavonoid contents (TFC) of the samples were determined following the reported aluminum chloride method [36]. The method is based on the quercetin standard calibration curve. Different quercetin solutions of concentrations, 10–140 µg/mL in 80% methanol were initially prepared. These standard solutions (each, 0.5 mL) were subsequently mixed with aluminum chloride (10%, 0.1 mL) and potassium acetate (1 M, 0.1 mL) and the volume of the solutions was made up to 5 mL with 80% methanol. The mixtures were thoroughly shaken and left undisturbed for 30 min before being recorded absorbance at 415 nm, using UV-Vis. spectrophotometer. The calibration curve (A415 = 0.0022[quercetin] + 0.0395, R2 = 0.9845) was constructed by plotting absorbance vs. [quercetin]. The sample solutions were prepared in a similar way using methanol extract (0.5 mL) of the fruit samples instead of quercetin. The flavonoid contents of the fruits were determined from the calibration curve and expressed in terms of mg QE/g dry extract weight.




2.11. Data Analysis


Using the general linear model (GLM) procedure of the SPSS window version 16.0 (SPSS Inc., Chicago, IL, USA), data were analyzed for variance (ANOVA). The same statistical package was followed for performing principal component analysis (PCA). Values were expressed as mean and standard deviation. Treatment means were separated by the Duncan Multiple Range Test at 5% level of significance (p < 0.05).





3. Results and Discussion


3.1. Macronutrients Composition, Sugars, Energy, and Correlations


The fruit quality parameters: moisture, ash, total soluble solids (TSS), protein, total sugar in the form of reducing and non-reducing sugar, vitamin C, and energy were estimated by following reported procedures [30]. The data, that were obtained have been statistically analyzed and enumerated in Table 1. Macronutrients are the nutrients that the human body needs in large amounts, which include fat, carbohydrate, and protein. The macronutrients provide energy, and it contains the components of food that the body needs to maintain its systems and structures. Humans need energy-delivering macronutrients (fat, carbohydrate, protein), and energy-delivering micronutrients. In this connection energy supply, one macronutrient can substitute the other for a restricted period. To ensure the metabolic pathways and at least the function of macronutrients, they cannot substitute for each other and they cannot be synthesized within the body [37,38].



The results are portrayed in Table 1 and Figure S3 (ESI) as a bar diagram. Moisture content is an important fruit quality parameter that indicates the ultimate quality of fruit. The high content of moisture in fruit means low dry mass in it. The moisture content is expressed as a percentage [30]. It was observed that the moisture content in Wild orange, Wild black Jamun, Gamboge, and Indian coffee plum was significantly higher as compared to Chinese lard and Madhabilata, which are statistically at par. The values are comparable with the commercial fruits such as apple, guava, grapes, mango, etc. [39]



Ash content indicates the whole inorganic residue of a fruit sample after complete ignition. From a consumer point of view, it also depicts the mineral nutrient values of a fruit. The proximate analysis provides the ash content of the fruits [30]. It was also found that the highest ash content was observed in Gamboge, followed by Indian coffee plum and Wild orange. However, Chinese lard and Madhabilata recorded less ash content than Gamboge, Indian coffee plum, and Wild orange. The lowest ash content is observed in Wild black jamun.



Total soluble solids (TSS) include sugars, organic acids, and a small number of vitamins, proteins, and minerals present in the fruit. TSS is one of the consumer choices when selecting fruit items as it expresses the sweetness of the fruit. The total soluble solids content of a solution is measured by the index of refraction (Refractometer). It was observed that the highest TSS content was found in Madhabilata and Gamboge, followed by Chinese lard plant and lowest in the Wild orange, Wild black jamun, and Indian coffee plum.



Total sugars are made up of both reducing and non-reducing sugars that can be found in fruits. In terms of sugar content, the highest value was recorded in wild orange followed by Wild black Jamun and it was observed the lowest total sugar in the Chinese Lard plant, Madhabilata, Indian coffee plum, and Gamboge. Reducing sugar acts as an electron donor to other molecules, changing the color and taste of the food. Its consumption provides fiber, protein, low glycemic, and carbohydrates that nourish our bodies. They perform a number of biological functions, including providing daily nutritional calories and energy storage in a living organism. It was documented that the wild orange and wild black Jamun have the highest reducing sugar content followed by Gamboge and the least quantity in the Chinese Lard plant, Madhabilata, and Indian Coffee plum had the lowest. Non-reducing sugars are disaccharide-sucrose and tetrasaccharide. In non-reducing sugar, no free functional groups are available to act in the human body. Sucrose is digested in the small intestine by an enzyme. The results showed that the highest non-reducing sugar content was found in wild orange followed by Wild black Jamun; whereas Chinese lard plan, Madhabilata, and Indian coffee plum have the least quantity of non-reducing sugar content and it was found lowest in the Gamboge.



Proteins are essential nutrients and a building block of all biological tissues. Its deficiency leads to many health problems, particularly in children, including swelling, fatty liver, skin deterioration, increased infections, and stunted growth. Fruits containing high proteins are attractive food to vegetarians. It was observed that Madhabilata contains the highest protein followed by Gamboge and wild black Jamun. The least quantity was found in the Chinese lard plant, wild Orange, Madhabilata, and Indian coffee plum (Table 1). The protein results are comparable to most commercial fruits, but the values are somewhat lower than a banana (1.33%) and Jack fruit (1.90%) [39].



Vitamin C is essential for the production of collagen, L-carnitine, and a few synapses, among other things. It helps to metabolize proteins and has antioxidant properties that may reduce the risk of some malignancies. It assists in producing the main component of connective tissue and is the most abundant protein in mammals. The Indian coffee plum and Wild orange were found to have the highest content of vitamin C followed by Wild black Jamun. The least quantity of Vitamin C found in the Chinese lard plant, Madhabilata and Gamboge. It is reported that the vitamin C content was 329 mg/100 g and 315 mg/100 g, in Desi Amla and Banarasi Amla, respectively, which is comparatively higher than wild edible fruits [40].



Energy is delivered to the body through food. Any energy consumed is in the form of carbohydrates, protein, and fat. All parts of our body (muscles, brain, heart, and liver) require energy to function. It is well-known that the body metabolizes fruit sugars in different ways and quite easier than the added sugars. The highest content of energy was reported in Gamboge, followed by Madhabilata, while the least quantity observed was in the Wild black Jamun. The lowest was found in the Chinese lard plant, Wild orange, and Indian coffee plum (Table 1).



In order to find a correlation among the macronutrients that existed in the fruits under study, a linear regression analysis was performed. It is a good correlation method to establish the relationship among various variables that measure fruit quality parameters. The correlation coefficients among the macronutrients (Figure S3) obtained from the analysis is listed in Table 2. The moisture content has a good correlation with vitamin C (correlation coefficient (r) = 0.69) and energy with ash (r = 0.68), TSS (r = 0.62), and protein (r = 0.83). The correlation among the different forms of sugar contents is excellent, as expected. From the table, it can be seen that vitamin C has a quite good correlation with sugar content. Moreover, on such observations, Gamboge is found to have a high energy level, followed by Madhabilata and wild black Jamun.




3.2. Nutrient Mineral Composition and Correlations


Minerals, which are important in our bodies for optimal biological activities, are one of the advantages of eating fruits. Atomic absorption spectrometer (AAS) is the most reliable tool for determining the mineral contents of fruit. In total, 12 (twelve) elements—Na, K, Mg, Zn, Cu, Ni, Co, Mn, Cr, Cd, Hg, and Pb—were statistically analyzed and listed in Table 3. These are categorized into macro (K, Na, and Mg), micro (Ni, Mn, Cu, Zn, Co, and Cr) essential elements, and heavy metals (Cd, Hg, and Pb). All the six fruits are Na-rich fruits; in this study, we found the highest amount of Na in the Madhabilata, Chinese lard plant, and Indian coffee plum, whereas it was lower in Wild orange followed by in Gamboge. The lowest amount of Na was observed in the Wild black Jamun (Table 3). It is reported in local mango (Mangiferaindica L.) and Banana (Mussa spp.) Na content is 0.1 mg/100 g [41,42], which is much less than the wild edible fruits sample. The K content was found to be highest in Chinese lard (80.44 mg/100 g) among the studied samples, whereas the lowest content was observed in the Madhabilata, Indian Coffee plum, and Gamboge followed by Wild orange. The lowest content of K was found in the wild black Jamun (Table 3). It is revealed that K content is lesser than the local mango and banana which value 168 mg/100 g and 385 mg/100 g, respectively [41,42,43]. The results showed that the highest content of Mg was found in the Indian coffee plum and Wild orange, followed by Chinese lard. The lowest Mg content was observed in the Wild black Jamun, Gamboge, and Madhabilata. It is revealed that in the local mango and Banana the values are 10 mg/100 g and 30 mg/100 g [41,42,43]. It was found that the Cu contents are highest in the Wild orange as well as Madhabilata among the six fruits (Table 3). The Cu content in the fruits investigated was found higher than the local mango which ranges from only 0.04–0.32 mg/100 g [41,42]. It is estimated that from the analyzed results, the Mn and Zn content was found to be highest in Gamboge among the six fruits. The Zn content in the study sample was found to be more than in the local mango (0.09 mg/100 g) whose value is much less compared to the wild edible fruits [41,42]. Chromium (Cr), which enhances the action of the hormone insulin, is most present in Indian coffee plum among the studied fruits. Cobalt (Co), a component of vitamin B12, is found to be relatively low in these fruits. Heavy metals—cadmium (Cd), mercury (Hg), and lead (Pb)—are the prescribed toxic metals for both plants and animals. It is observed that the existence of Hg in these fruits has a negligibly less quantity but more or less equal quantity, whereas Cd is found considerably higher in the wild orange and Indian coffee plum. It was observed that the Pb concentration was higher in the Wild orange, Chinese lard, Madhabilata, and Wild black Jamun, and was found lower in the Indian coffee plum and Gamboges.



Correlations among elements found in the analysis were established by studying linear regression correlations and the value of correlation coefficients is given in Table 4. The study shows that Na has a good correlation with K (r = 0.58) and Cr (r = 0.57). Mn has a good correlation with Cr (r = 0.62) but an excellent correlation with Cd (r = 0.98). Similarly, the excellent correlations are also found between Zn and Mn (r = 0.92), Cu and Hg (r = 0.86), Co and Pb (r = 0.93), Cr and Cd (r = 0.58), and Cd and Hg (r = 0.58), respectively.




3.3. Antioxidant Activities, TPC, MCC, TFC


Phytochemicals are bio-active non-nutrient compounds naturally found in fruits, vegetables, whole grains, and other plant foods that have health-promoting properties associated with a reduced risk of cancer, and heart disease. There are some specific phytochemicals such as lycopene found in red-orange fruits, and vegetable, it thought to protect against prostate cancer. Flavonoids are another important phytochemical responsible for the colour of fruits and vegetables. Flavonoids can reduce inflammation and are thought to protect against heart disease, cancer, and other chronic diseases [44].



Antioxidant activities of the fruits were determined by DPPH free radical scavenging assay at 517 nm using the spectrophotometric tool. The antioxidant activity of fruit lies in its polyphenol content. Polyphones act as reducing agents and they exhibit antioxidant activity by using the hydrogen-donating property of their hydroxyl groups [39]. The antioxidant value of any fruit helps processors for the processing and storage of fruit. In tris-buffer-DPPH solution (100 ppm), the antioxidant activity along with IC50 values are given in Table 5 (bar diagram in Figure S4, ESI).



The antioxidant activity DPPH value highest was observed in Wild orange followed by Indian coffee plum and Madhabilata, which are comparable or slightly higher than the reported value of pomegranate peel extract (methanol) [7]. The least value of DPPH was found in the wild black jamun, and the lowest was found in the Chinese lard plant and Gamboge. The highest IC50value was found in the Chinese lard followed by Wild orange and Gamboge. The least IC50 value was observed from the analyzed results in the Madhabilata and the lowest value was found in the wild black jamun and Indian coffee plum. The study total phenolic content (TPC) of fruit is important as it shows many activities including antioxidants. The TPC value among the six fruits was found highest to lowest in the order (mg GAE/g): Indian coffee plum (382.47) > wild orange (303.89) > wild black Jamun (267.34) > Madhabilata (229.63) >> Chinese lard plant (45.92) > Gamboge (18.79). It is documented that the TPC value of Zanthoxylum armatum DC fruit cultivated and wild were found to be 226.3 mg ± 1.14 GAE/g and 185.02 ± 2.15 [45], which compared to less than the Indian coffee plum, wild orange, Wild black jamun, and Madhabilata. The phenolic content of any plant is directly related to its antioxidant properties. Phenolic compounds act as reducing agents, and hydrogen donors, and are capable of Scavenging free radicals [46]. The presence of a considerably good amount of phenolics content in the wild edible fruits may contribute significantly to the antioxidant properties. On the other hand, it was found that the wild black jamun has a higher value of total flavonoid content (TFC), followed by Madhabilata and Indian coffee plum; whereas, the Chinese lard plant, Wild orange, and Gamboge have comparatively less content of TFC. It is observed that the TFC value of cultivated and wild Z. armatum is higher than the investigated wild edible fruits [45]. A higher MCC value means a higher capacity to prevent induction of metal-catalyzed decomposition reactions for oxidative damage of cellular proteins. It was found from the analyzed data, that the highest MCC value was found in wild orange followed by Madhabilata and Indian coffee plum. Gamboge has the lowest value among the six wild edible fruits under study.



Correlation study (Table 6) shows that the DPPH, i.e., antioxidant property, has excellent correlation with TPC (r = 0.81), TFC (r = 0.86) and MCC (r =0.97). Finally, a correlation analysis between the macronutrients and antioxidant activity that existed in the fruits under study and a linear regression analysis were performed (Table 7). The study shows that excellent to good correlations are found between Zn and Mn (r = 0.92), Cd and Mn (r = 0.98), Vitamin C with Mn (r = 0.87), energy with Zn (r = 0.89), reducing sugar and non-reducing sugar with total sugar (r = 0.91 and r = 0.97), and reducing sugar with non-reducing sugar (r = 0.78), respectively.




3.4. Principal Component Analysis (PCA)


In the PCA of 26 variables, five principal components (PCs) were extracted with an eigen value of >0.9 and this explained 100% of the variance in the data (Table S2). Total sugar, reducing sugar, and Cd were the highly weighted variables in PC1. In PC2, ash, Zn, and Mn were the highly weighted variables. In PC3, Co was the highly weighted variable, whereas Cu, Hg, and metal chelating capacity were the highly weighted variables in PC4. In PC5, Ni was the highly weighted variable. To avoid redundancy, total sugar was selected from PC1 as the key indicator. Cd and reducing sugar were dropped. Among the other PCs, based on importance, Zn, Mn, and Cu were selected. Therefore, total sugar, Zn, Mn, and Cu were the key indicators identified and should be given importance while studying the nutritional value of these wild fruits. Figure 1 shows the bi-plot of PC1 vs. PC2 for all the variables analyzed in six fruit samples. The loading plot describes the impact of variables and correlation, i.e., closeness of angles. The observation data refers that Cr, Cu, Hg, K, Cd, and Mg are correlated with each other in Indian coffee and Wild orange. These nutrients showed a positive direction of PC1 and PC2, suggesting that Cr, Cu, Hg, K, Cd, and Mg nutrients are rich in Indian coffee and Wild orange. The Ni, Co, and Pb lie in the positive direction of PC1, referring to Madhabilata and Chinese lard which are a rich source of these elements. Total and reducing sugar, Vitamin C, and moisture are trending in the positive direction of PC1 and PC2, illustrating that enrichment to wild orange and wild black Jamun are highly correlated. The Gamboge is a protein-rich and energetic fruit.





4. Conclusions


The nutrient contents and antioxidant capacities of the six wild edible fruits available in four districts of Tripura were evaluated. Indian coffee plum and wild orange could be treated as vitamin C-rich fruits whose values are 223.25 ± 23.62 mg/100 mL and 220.75 ± 12.23 mg/100 mL, respectively. The Madhabilata and the Gamboge contain considerable protein value (0.744% and 0.525%) and thus paramount energy. According to the regression analysis, energy has a good correlation with ash, TSS, and protein. The fruits are high in nutrients and minerals and can be found quite high in wild orange. As expected, Na has a good correlation with K. The wild orange has a high value of antioxidant activity; it has a good correlation with TPC, TFC, and MCC. Total sugar, Zn, Mn, and Cu were the key nutritional parameters to be given more emphasis while studying these minor fruits. Creating mass awareness for the use of these minor wild edible fruits would help to prevent sufferers from many nutrition deficiency diseases. The study also emphasized popularizing edible fruits among common people, which enhances their market value directly or indirectly and improves the livelihood of remote area tribal communities. This encourages all the community of people to conserve as well as cultivate wild edible fruits. Moreover, it would provide a baseline database for the nutrient profile of these fruits as well as enhance awareness regarding the value of the fruit, which helps conserve biodiversity in the forest area of Tripura.
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Figure 1. Principal component analysis (PCA) Bi-plot (score and loading plot) of all the parameters of six fruit samples. 
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Table 1. Nutrient composition of the fruits.
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	Plant Species

(English Name)
	Moisture

(%)
	Ash (%)
	TSS

(° B)
	Protein (%)
	Tot. Sugar (mg/100 g)
	Red. Sugar (mg/100 g)
	Non-Reducing Sugar

(mg/100 g)
	Vit. C

(mg/100 g)
	Energy

(Kcal)





	Wild orange
	83.80 ± 3.26 a
	4.49 ± 1.26 b
	86.38 ± 4.23 b
	0.088 ± 0.03 c
	10.92 ± 1.45 a
	4.31 ± 1.03 a
	6.61 ± 1.45 a
	220.75 ± 12.23 a
	29.01 ± 2.45 d



	Chinese lard
	71.28 ± 3.89 b
	3.38 ± 1.32 bc
	93.02 ± 4.65 ab
	0.131 ± 0.03 c
	4.52 ± 1.32 c
	1.92 ± 0.23 c
	2.60 ± 0.52 c
	14.53 ± 1.49 c
	26.75 ± 2.69 d



	Madhabilata
	73.26 ± 3.69 b
	3.9 ± 1.12 bc
	96.1 ± 5.62 a
	0.744 ± 0.04 a
	2.99 ± 1.06 c
	1.23 ± 0.36 c
	1.76 ± 0.32 c
	15.35 ± 2.13 c
	88.91 ± 5.24 a



	Wild black jamun
	82.34 ± 4.32 a
	2.9 ± 0.82 c
	86.16 4.49 b
	0.438 ± 0.02 b
	7.84 ± 1.36 b
	3.67 ± 1.85 a
	4.17 ± 1.76 b
	137.45 ± 8.65 b
	62.85 ± 3.54 c



	Indian coffee plum
	84.76 ± 4.36 a
	5.16 ± 1.56 b
	89.16 ± 5.12 b
	0.175 ± 0.02 c
	3.54 ± 1.25 c
	1.30 ± 0.3 c
	2.24 ± 0.56 c
	223.25 ± 23.62 a
	27.34 ± 2.68 d



	Gamboge
	83.47 ± 4.12 a
	10.27 ± 1.98 a
	95.42 ± 5.69 a
	0.525 ± 0.02 b
	3.19 ± 1.26 c
	2.56 ± 0.74 b
	0.63 ± 0.04 d
	7.24 ± 1.54 c
	124.92 ± 6.85 b



	Range
	71.28–84.76
	2.9–20.27
	93.02–96.10
	0.088–0.744
	2.99–4.31
	1.23–4.31
	1.76–6.61
	7.24–223.25
	26.75–124.92







Values with different lower-case superscript (a–d) letters in a column are significantly different among the fruits at p < 0.05 (DMRT test performed for separation of mean). Values are expressed as mean ± SD with three replications (n = 3) for each experiment.
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Table 2. Correlation among the macronutrient compositions of the six fruit samples.
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	Moisture
	Ash
	TSS
	Protein
	Tot. Sugar
	R. Sugar
	Non-R. Sugar
	Vit. C
	Energy





	Moisture
	1.00
	
	
	
	
	
	
	
	



	Ash
	0.42
	1.00
	
	
	
	
	
	
	



	TSS
	−0.57
	0.45
	1.00
	
	
	
	
	
	



	Protein
	−0.23
	0.22
	0.60
	1.00
	
	
	
	
	



	Tot. sugar
	0.36
	−0.37
	−0.82
	−0.49
	1.00
	
	
	
	



	R. sugar
	0.47
	−0.05
	−0.68
	−0.32
	0.91
	1.00
	
	
	



	Non-R. sugar
	0.26
	−0.52
	−0.83
	−0.55
	0.97
	0.78
	1.00
	
	



	Vit. C
	0.69
	−0.27
	−0.86
	−0.59
	0.61
	0.40
	0.68
	1.00
	



	Energy
	0.04
	0.68
	0.62
	0.83
	−0.44
	−0.11
	−0.61
	−0.63
	1.00







Significant values are made bold (p ≥ 0.5).
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Table 3. Mineral content of the six wild edible fruits of Tripura (mg 100 g−1).
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	Plant Species
	Na
	K
	Mg
	Zn
	Cu
	Ni
	Co
	Mn
	Cr
	Cd
	Hg
	Pb





	Wild orange
	170.4 ± 14.29 b
	55.40 ± 3.54 c
	61.53 ± 4.23 a
	6.85 ± 1.34 b
	6.25 ± 1.54 a
	3.80 ± 1.23 a
	0.77 ± 0.03 a
	6.65 ± 1.85 b
	2.82 ± 0.64 c
	7.1 ± 1.95 a
	0.048 ± 0.001 a
	3.02 ± 1.01 a



	Chinese lard plant
	193.96 ± 16.52 a
	80.44 ± 4.96 a
	20.13 ± 2.23 b
	1.11 ± 0.02 c
	-
	4.12 ± 1.63 a
	0.75 ± 0.04 a
	6.77 ± 1.87 b
	3.53 ± 1.02 c
	-
	0.034 ± 0.003 a
	3.35 ± 1.35 a



	Madhabilata
	201.26 ± 19.45 a
	69.32 ± 4.23 b
	7.35 ± 1.65 c
	7.46 ± 1.46 b
	5.93 ± 1.25 a
	3.41 ± 1.04 a
	0.86 ± 0.01 a
	2.49 ± 0.95 b
	13.59 ± 1.89 b
	-
	0.042 ± 0.001 a
	3.69 ± 1.42 a



	Wild black jamun
	148.31 ± 12.36 bc
	17.61 ± 2.23 d
	10.44 ± 1.56 c
	8.55 ± 1.43 b
	0.46 ± 0.02 c
	3.35 ± 1.03 a
	0.28 ± 0.01 b
	3.78 ± 1.33 b
	-
	-
	0.038 ± 0.002 a
	2.91 ± 1.04 a



	Indian coffee plum
	198.09 ± 18.42 a
	75.31 ± 4.58 b
	66.41 ± 4.62 a
	1.20 ± 0.14 c
	2.81 ± 0.46 b
	3.45 ± 1.09 a
	0.02 ± 0.001 b
	-
	58.63 ± 3.98 a
	6.87 ± 1.54 a
	0.039 ± 0.002 a
	1.29 ± 0.03 b



	Gamboge
	140.67 ± 13.65 c
	70.69 ± 4.18 b
	3.266 ± 1.42 c
	23.7 ± 2.49 a
	3.77 ± 1.46 b
	3.55 ± 1.12 a
	-
	86.35 ± 6.46 a
	0.47 ± 0.01 c
	-
	0.037 ± 0.002 a
	1.26 ± 0.04 b







Values with different lower-case superscript (a–c) letters in a column are significantly different among the fruits at p < 0.05 (DMRT test performed for separation of mean). Values are expressed as mean ± SD with three replications (n = 3) for each experiment.
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Table 4. Correlation among the micronutrient compositions of the six fruit samples.
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	Na
	K
	Mg
	Zn
	Cu
	Ni
	Co
	Mn
	Cr
	Cd
	Hg
	Pb





	Na
	1.00
	
	
	
	
	
	
	
	
	
	
	



	K
	0.58
	1.00
	
	
	
	
	
	
	
	
	
	



	Mg
	0.36
	0.17
	1.00
	
	
	
	
	
	
	
	
	



	Zn
	−0.78
	−0.11
	−0.54
	1.00
	
	
	
	
	
	
	
	



	Cu
	0.12
	0.20
	0.24
	0.25
	1.00
	
	
	
	
	
	
	



	Ni
	0.23
	0.46
	0.15
	−0.30
	−0.22
	1.00
	
	
	
	
	
	



	Co
	0.48
	0.10
	−0.04
	−0.42
	0.29
	0.47
	1.00
	
	
	
	
	



	Mn
	−0.66
	0.19
	−0.44
	0.92
	0.10
	−0.05
	−0.51
	1.00
	
	
	
	



	Cr
	0.57
	0.37
	0.62
	−0.46
	0.04
	−0.30
	−0.39
	−0.33
	1.00
	
	
	



	Cd
	0.25
	0.13
	0.98
	−0.38
	0.40
	0.04
	−0.09
	−0.33
	0.58
	1.00
	
	



	Hg
	0.10
	−0.18
	0.45
	−0.04
	0.86
	−0.29
	0.36
	−0.28
	0.06
	0.58
	1.00
	



	Pb
	0.35
	−0.20
	−0.25
	−0.42
	0.05
	0.29
	0.93
	−0.58
	−0.48
	−0.31
	0.22
	1.00







Significant values are made bold (p ≥ 0.5).
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Table 5. Estimation of antioxidant activity, MCC, and TPC in fruits.
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	Plant Species
	DPPH (µmol/g)
	IC50, DPPH (µg/mL)
	MCC

(mg mL−1)
	TPC

(mg GAE/g)
	Total Flavonoid

(µg/mL)





	Wild orange
	81.15 ± 4.63 a
	259.19 ± 24.37 b
	39.45 ± 3.05 a
	103.89 ± 6.47 c
	6.78 ± 1.86 c



	Chinese lard plant
	14.96 ± 2.13 d
	1234.37 ± 32.28 a
	8.58 ± 2.17 d
	45.92 ± 3.21 d
	5.97 ± 1.29 c



	Madhabilata
	51.88 ± 3.47 b
	57.26 ±3.86 c
	26.96 ± 2.49 b
	29.63 ± 2.91 de
	25.65 ± 2.49 ab



	Wild black jamun
	34.14 ± 3.54 c
	6.12 ± 1.91 d
	14.85 ± 2.14 c
	267.34 ± 26.23 b
	31.26 ± 3.14 a



	Indian coffee plum
	53.17 ± 3.97 b
	11.96 ± 2.17 d
	19.75 ± 2.39 bc
	382.47 ± 35.62 a
	21.36 ± 2.97 b



	Gamboge
	11.87 ±2.11 d
	297.98 ± 35.37 b
	7.36 ± 1.46 d
	18.79 ± 2.86 e
	4.87 ± 1.42 c







Values with different lower-case superscript (a–e) letters in a column are significantly different among the fruits at p < 0.05 (DMRT test performed for separation of mean). Values are expressed as mean ± SD with three replications (n = 3) for each experiment.
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Table 6. Correlation among antioxidant activity, MCC, and TPC of the six wild edible fruits.
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	DPPH
	MCC
	TPC
	TFC





	DPPH
	1.00
	
	
	



	MCC
	0.97
	1.00
	
	



	TPC
	0.81
	0.67
	1.00
	



	TFC
	0.86
	0.83
	0.81
	1.00
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Table 7. A correlation analysis between macronutrients and antioxidant activity.
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	Na
	K
	Mg
	Zn
	Cu
	Ni
	Co
	Mn
	Cr
	Cd
	Hg
	Pb
	Protein
	Tot. Sugar
	R. Sugar
	Non-R. Sugar
	Vit. C
	Energy





	Na
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	K
	0.58
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Mg
	0.36
	0.17
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Zn
	−0.78
	−0.11
	−0.54
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Cu
	0.12
	0.20
	0.24
	0.25
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	



	Ni
	0.23
	0.46
	0.15
	−0.30
	−0.22
	1.00
	
	
	
	
	
	
	
	
	
	
	
	



	Co
	0.48
	0.10
	−0.04
	−0.42
	0.29
	0.47
	1.00
	
	
	
	
	
	
	
	
	
	
	



	Mn
	−0.66
	0.19
	−0.44
	0.92
	0.10
	−0.05
	−0.51
	1.00
	
	
	
	
	
	
	
	
	
	



	Cr
	0.57
	0.37
	0.62
	−0.46
	0.04
	−0.30
	−0.39
	−0.33
	1.00
	
	
	
	
	
	
	
	
	



	Cd
	0.25
	0.13
	0.98
	−0.38
	0.40
	0.04
	−0.09
	−0.33
	0.58
	1.00
	
	
	
	
	
	
	
	



	Hg
	0.06
	−0.18
	0.50
	−0.05
	0.83
	−0.15
	0.39
	−0.26
	−0.01
	0.62
	1.00
	
	
	
	
	
	
	



	Pb
	0.35
	−0.20
	−0.25
	−0.42
	0.05
	0.29
	0.93
	−0.58
	−0.48
	−0.31
	0.22
	1.00
	
	
	
	
	
	



	Protein
	−0.15
	−0.14
	−0.75
	0.52
	0.26
	−0.64
	−0.01
	0.30
	−0.21
	−0.65
	−0.08
	0.13
	1.00
	
	
	
	
	



	Tot. sugar
	−0.33
	−0.60
	0.40
	−0.15
	0.14
	0.19
	0.30
	−0.31
	−0.38
	0.43
	0.62
	0.31
	−0.49
	1.00
	
	
	
	



	R. sugar
	−0.68
	−0.68
	0.13
	0.24
	0.07
	0.10
	0.07
	0.07
	−0.58
	0.20
	0.46
	0.12
	−0.32
	0.91
	1.00
	
	
	



	N-R. sugar
	−0.09
	−0.50
	0.53
	−0.37
	0.17
	0.22
	0.41
	−0.51
	−0.22
	0.54
	0.67
	0.40
	−0.55
	0.97
	0.78
	1.00
	
	



	Vit. C
	0.05
	−0.32
	0.87
	−0.41
	0.15
	−0.18
	−0.19
	−0.47
	0.49
	0.88
	0.55
	−0.24
	−0.59
	0.61
	0.40
	0.68
	1.00
	



	Energy
	−0.52
	−0.04
	−0.75
	0.89
	0.25
	−0.47
	−0.30
	0.77
	−0.37
	−0.61
	−0.16
	−0.23
	0.83
	−0.44
	−0.11
	−0.61
	−0.63
	1.00







Significant values are made bold (p ≥ 0.5).
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