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ABSTRACT—

Introduction: Solanum sisymbriifolium or lychee tomato is a small, viscid, and prickly wild shrub native to South
America, widely distributed throughout Bangladesh. Although roots and other aerial parts of this plant are
traditionally used for treating various ailments, much work has not yet been done to elucidate its nutritional and
economic importance of the edible fruit of this medicinal plant. Therefore, to explore the nutritional value as a food
source, the proximate value and mineral content of ripe and unripe fruit of S. sisymbriifolium were assessed in this
study.

Materials and methods: AOAC methods have been followed to determine the proximate content, while the analysis of
the mineral content has been done by using standard analytical methods.

Result and Discussion: This study investigated proximate values (moisture, ash, crude fiber, crude protein, and lipid)
and selected mineral contents- magnesium (Mg), phosphorus (P), calcium (Ca), sodium (Na), iron (Fe), and
potassium (K) of ripe and unripe fruits of Solanum sisymbriifolium using standard analytical methods. Compared to
other minerals, Mg was present in higher concentrations in both ripe and unripe fruits. The concentration of Fe in
unripe (0.013 mg/100g) and ripe fruit (0.024mg/100g) was the lowest. Although proximate compositions were variable
between ripe and unripe fruits, only Ca was found in higher amount in the unripe fruit (08.91 mg/100g) than the ripe
fruit (06.73 mg/100g) among all the other tested minerals which makes it a more preferable option for consumption.

Conclusion: The unripe and ripe fruits (preferably) of Solanum sisymbriifolium could be introduced as a functional
food in the community for health promotion.
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1. INTRODUCTION

Malnutrition continues to be a major component of illness and heightened mortality rates in developing countries. Most

people in developing countries lack the means to afford effective and modern healthcare, including medicines used to
treat various diseases M. Soaring concern about increased health care costs has prompted the researchers to develop cost-
effective interventions centralizing on plant-derived products to tackle this critical public health problem. This led to the
development of a new trend called Phyto-therapy where plant food and medicine are associated with specific therapies.
With plant extracts, however, efficacy, less toxic side effects, and rational precautionary measures are often established
(2. Unfortunately, the majority of people in Bangladesh are suffering from malnutrition due to the ignorance of the
nutritive value of fruits and vegetables abundant in this region [,
Mineral elements are very vital for the maintenance of essential physiochemical processes of the body systems and can
be categorized into two; macro (major) and micro (trace) minerals. Although the need for micro-minerals is lower than
that of macro-minerals, they are essential and critical for health and immunity . As they are important for growth,
production, and reproduction ! and serve as cofactors of several enzymes, the deficiency of these elements puts human
health at great risk ¥, Lack of adequate information about the mineral elements of various wild plant sources in
developing countries is the major drawback to their utilization to address this issue. Malnutrition can be overcome by
incorporating micronutrients and phytochemical comprising fruits and vegetables into the diet [l.
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Proximate analysis is important for determining various aspects of the food such as moisture and ash content are the
determiner for microbial stability and total amounts of minerals respectively 1. The fat portion of food shapes the overall
sensory characteristics while proteins are the building blocks of amino acids 19, Lastly, the crude fiber content indicates
the amount of indigestible fiber present in the food 12,

Solanum sisymbriifolium, also known as Viscid Nightshade, belongs to the largest family of flowering plants,
Solanaceae, widely dispersed throughout Bangladesh due to their vast adaptive capacity. Although this plant has shown
promising medicinal aspects, its nutritional value is yet to be elucidated. It is a vastly branched, viscid, prickly wild plant
of 0.8-1.5 m in height. They are found abundantly on waste places, roadsides, landfills, and plowed fields as they are
resistant to almost all types of soil. The plant has lobed or un-lobed leaves, pale blue and white flowers, fruits are
globular berries and the fruit was encased in large, spiny calyces. Immature green fruits turn vibrant shiny red-colored
and the flavor resembles tart cherries, with a tiny hint of tomato. The small edible succulent ripe fruits of the plant
contain flattened, pale yellow seeds. In many regions, they are eaten raw and also cooked as ingredients in stews, sauces,
jams, or pies. Insect and pest resistance and animal resistance feature of this plant due to the presence of Phyto-
compounds containing foliage and spines respectively makes them worthwhile for sustainable and eco-friendly growers
looking for naturally pest-resistant crops. Furthermore, litchi tomatoes are fast harvesting and take about only 3 months
to produce their first fruit. Thus it could be a useful crop for serving various purpose if its fruits are established as a
greater value as a crop [*2,

Traditionally the root and the other parts of the plant have been stated to be used in treating pain, rheumatic disease,
inflammation, hypertension, respiratory and urinary tract infections, and numerous central nervous systems disorders
[13.14] The existence of varied groups of phytochemicals in Solanum sisymbriifolium may be accountable for the reported
activities. The root of this plant has been used to be effective as a diuretic and antihypertensive 1, emmenagogue [*°],
and fertility regulator ], and several bioactive chemical constituents, such as cuscohygrine 8, solacaproine [,
solamine, solasodiene, and solasodine [?, Studies also revealed that certain pirosolane-type and solanidane-type
alkaloids are present in this plant . Solasodine (molecular formula: C27H43N0O2), an essential element of
corticosteroids, sex hormones, and oral contraceptives has been successfully extracted from this plant 22, Moreover,
compounds possessing cardiovascular effects 2%, anticonvulsant 131, and molluscicidal activity have also been found in
this plant 4. Results also showed the presence of a generous amount of several important phytonutrients in litchi
tomatoes %), Research at the USDA-ARS Prosser worksite and the University of Idaho revealed that the berries shows a
significant amount of antioxidant activity and also found to contain ascorbic acid, polyphenols, and b-carotene.

All these data suggest that the fruits of S. sisymbriifolium have the potential of a valuable food crop for possessing a
good source of phytonutrients which expands the functionality of the plants as a medicinal herb. Although proximate
value and mineral content of fruit indicate its value as an important source of nutrition, very little assessment have been
done of the berries to determine their most effective consumption stage. The present study thus focuses on bridging the
gap by determining how the quality of the fruits is changed through the ripening process in order to incorporate into the
diet as a potential source of nutrition.

2. MATERIALS AND METHODS

2.1 Sample Collection and Extraction:

The samples for the present study were collected from the hilly areas of Khulshi, Chittagong, a district of Bangladesh.
The experiment was carried out in the Department of Biochemistry and Molecular Biology, and Dr. Sheikh Bokhtear
Uddin, Professor, Department of Botany, University of Chittagong, identified the plant. After collection the fruits were
washed thoroughly and dried up for 4-5 days. The dried fruits were ground to a fine powder separately by using an
electric grinder and finally, stored in air tight dark containers at 25°C for the experiment.

2.2 Proximate Composition Analysis:

The moisture content of unripe and ripe fruits of Solanum sisymbriifolium was measured by following the method of
the Association of Official Analytical Chemist (AOAC, 1980) 281, and the ash was determined by the standard method of
AOAC (1995) 271, The other nutrients such as crude protein was determined by the Micro-Kjeldahl method of AOAC
(1960) 281, whereas crude fiber and lipid content were determined by AOAC (1980) 261,

2.3 Estimation of Mineral content:

The estimation of selected minerals, magnesium (Mg), phosphorus (P), calcium (Ca), sodium (Na), iron (Fe), and
potassium (K) of ripe and raw fruit of Solanum sisymbriifolium was determined by the process as described in analytical
methods (Petersen, 2002) 2. Means of three replicates were considered for the result.
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3. RESULT
3.1 Proximate Composition:

The proximate value and mineral composition of raw and ripe fruits of Solanum sisymbriifolium have been analyzed in
this present study. It showed the percentage of moisture, ash, lipid, protein, and crude fiber present in both developing
stages of fruits. In Table 1, the content of moisture, ash, lipid, protein, and crude fiber were respectively 81.07, 6.05,
13.72, 17.04, and 12.29 percent in unripe fruits and 76.24, 5.83, 12.84, 19.37, and 11.76 in ripe fruits are shown.

Table 1: Selected nutrients in ripe and unripe fruits of Solanum sisymbriifolium.

Parameters Amount (%)
Unripe fruit Ripe fruit
Moisture 81.07+1.51 76.24+2.08
Ash 6.05+0.13 5.83+0.35
Lipid 13.7240.06 12.84+0.09
Protein 17.04+1.30 19.37+0.54
Crude Fibre 12.29+0.09 11.76+0.14

3.2 Mineral Content:

Table 2 represents the presence of six mineral contents of unripe and ripe fruits in terms of mg per 100 gm. Among the
selected minerals both the ripe and unripe fruit is rich in magnesium which is 31.40 and 23.55 mg/100gm, respectively.
The concentration of others such as potassium (k), calcium (Ca), phosphorus (P), iron (Fe) and sodium (Na) were 10.38,
08.91, 11.80, 0.13, and 0.61mg/100 gm in unripe fruits and 15.61, 06.73, 17.54, 0.24, and 1.57 in ripe fruits, respectively.

Table 2: Selected minerals in ripe and unripe fruits of Solanum sisymbriifolium.

Parameters Amount (Mg/100g)

Unripe fruit Ripe fruit
Potassium (k) 10.38+0.64 15.61+1.52
Calcium (Ca) 08.91+0.78 06.73+2.03
Phosphorus (P) 11.80+1.07 17.5440.60
Magnesium (Mg) 23.55+3.03 31.40+2.28
Iron (Fe) 0.13+0.002 0.24+0.005
Sodium (Na) 0.61+0.34 1.57+0.07

4. DISCUSSION

4.1 Proximate Composition:

Recently, the significance of consuming a broad spectrum of edible plant sources has been pin down to address the
escalating food and feed shortage. A plant-based diet is sufficient in providing carbohydrates, proteins, fats, vitamins,
and minerals % Numerous plans of action, the FAO’s “Global Plan of Action for the Conservation and Sustainable
Utilization of Plant Genetic Resources” and “Rome Declaration on World Food Security” % % have encouraged us to
better understand the potential of wild and underdeveloped species in food and wider use.

Moisture is vital for various physiological reactions and the existence of plants 3. Raw or unripe fruit (81.07%) of
Solanum sisymbriifolium contain higher moisture content than that of the ripe berries (76.24%) (Tablel), which is
supported by the study that suggests that reduction in moisture percentage, might be universal and continued throughout
the ripening process in some fruit 34,

The ash content did not show much difference between the two developmental stages. It is slightly low in the ripe fruits
(5.83%) than that of immature ones (6.05%) (Tablel). Overall the low ash content in both ripe and unripe fruits indicates
that the food material possesses less mineral content. Based on the previous findings it can be stated that the berries
contain moderate mineral elements [, Moreover, several other studies have shown supported evidence of decreasing ash
content with ripening 36 37,

Ripe fruits (12.84%) contain less fat content compared to immature green fruits (13.72%) (Table 1), a phenomenon
reported by Barbera, G., et al 7], This phenomenon could be explicated by the alteration of the lipid metabolism process
to support the ripening of the fruit 81 where extra energy is provided by degrading the lipid membranes, during the
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process of ripening. Dietary fats act as energy sources and contribute to the diet increasing flavor and palatability of food
[35]

The protein content has been found higher in ripe fruit (19.37%) than in raw fruit (17.04%)(Table 1) of Solanum
sisymbriifolium. The proteins present in the plant might act as healing agents that provide the plant its medicinal potency
to fight against numerous diseases 9. Due to the lower risk of cardiovascular disease plant protein sources are superior
to animal sources. Plant-based proteins lower LDL cholesterol and contain no cholesterol—an established key factor for
heart disease.

Indigestible cellulose, lignin, pentosans, and other components of this type are classified as dietary fiber (%, Crude
fiber content between the two developmental staged fruits showed a slight difference (ripe fruit has 11.76 %, whereas
raw fruit has 12.29%) (Table 1), and intake of dietary fiber have positive health benefits for preventing constipation,
diabetes, hemorrhoids, obesity, coronary heart diseases, gallstones, and some type of cancer *. The descending order of
protein, fat, and crude fiber percentage of the fruit reported by a study is similar to our findings 2.

4.2 Mineral Content:

Both plants and human beings require macro-minerals for maintaining biological functions and to activate hundreds of
enzyme reactions. Fresh fruits and vegetables possess minerals 1 among which (Ca, K, Mg, and P) are essential for the
entire plant 4, The study has proved that withdrawal on the omission of these macro-minerals (among others) in plant
nutrition subsequently developed several deficiency symptoms, for instance, chlorosis—a yellowing of healthy green leaf
tissue [45 461,

Both the mature and immature berries was rich in Magnesium that enhances their nutritional significance as it is the
fourth most abundant dietary mineral 1. However, the ripe fruits (31.40mg/100g) have a higher amount of Mg than
unripe fruits (23.55 mg/100g) (Table 2). Because ripening creates a significant change in the concentration of Mg in
green fruits which used as a central metal ion in Chlorophyll biosynthesis. It also acts as essential co-factor in several
metabolic reactions ™8 and an important constituent of bones, muscles, teeth, enzyme activity, and % prevents high
blood pressure and depression 59,

Phosphorus exhibited a noteworthy presence in the ripe and raw fruits of S. sisymbriifolium and ripe fruit (17.54
mg/100g) possess higher content of P compare to raw fruit (11.80 mg/100g) (Table 2). The main function of phosphorus
is in the formation of bones, teeth U, and several other essential biomolecules such as phosphorylated metabolic
intermediates and nucleic acids. It is also required to run several metabolic processes smoothly and to support the repair
and maintenance of cells.

Between both types of fruits, the ripe fruits contain a higher concentration of K (15.61 mg/100g) compare to raw fruits
(10.38 mg/100g) (Table 2). High K content indicates the enriched fruit color of ripe fruits. A potassium-rich diet may
help to prevent stroke, maintain blood pressure and water balance of the body, and deficiency of it causes mental
disorientation, fatigue, low blood sugar, numbness, muscle weakness, and coma B4, K deficiency causes acid-base
homeostasis and uncontrolled H+ secretion 531,

Ca containing fruits reduces the incidence of osteoporosis and improves skeletal health 4, regulates nerve, muscle
functions, and neuromuscular excitability %, Ripe fruits (6.73 mg/100g) were found to have less concentration of Ca in
comparison with raw fruits (8.91 mg/100g) (Table 2). Although a low amount of Ca was found in the fruit as 0.224 g/kg
reported by other researchers [*2. Several factors such as geographical location, soil and nutrient condition, or maybe the
environmental aspects are responsible for this difference.

With the conversion of raw fruit to ripe one, the present study showed an escalation in sodium content and sodium
found to be lower than potassium in both ripe (1.57 mg/100g) and unripe fruit (0.61 mg/100g) of S. sisymbriifolium
(Table 2). Reducing sodium intake is nutritionally ideal for people suffering from high blood pressure 561, A low sodium
diet has been reported to inverse the problem of hypertension and high blood pressure while intake of potassium is
beneficial to control the blood pressure 71, The fruit of S. sisymbriifolium could be a suitable food to incorporate into the
diet as it contains less sodium and high potassium.

The iron content of S. sisymbriifolium was 0.24 mg/100g and 0.13 mg/100g in unripe and ripe variety, respectively
(Table 2), and was the least amount mineral among others. Its main role is to transport oxygen in the body by the
formation of hemoglobin. The requirement of iron becomes prominent, especially during pregnancy. Iron deficiency
syndromes such as extreme fatigue, anemia, weakness, depression, Headache, dizziness, poor resistance to infection (58
are relatively frequent in developing countries due to poor dietary iron intake 5,

Therefore, the results suggest that S. sisymbriifolium fruits are more beneficial more health if consumed ripened.
Moreover, due to ripening variations in the proximate and mineral compositions with enhanced nutritional and medicinal
properties of food crops have been reported [ 61, Diseases associated with mineral deficiency can be dealt with by
consuming essential mineral and nutrient-rich diet (62,

5. CONCLUSION
The outcomes of this study demonstrated the extent of proximate value and selective mineral elements of both the ripe

and unripe S. sisymbriifolium fruits. The variation in the results of this study showed that ripening significantly
influenced the mineral composition of S. sisymbriifolium fruit as per except calcium concentrations all the mineral
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elements were higher in the ripe fruit. Therefore, consumption of the ripe S. sisymbriifolium fruit would be more
beneficial for human health to supply the body with more minerals and nutrients. Taken together, the presence of
phytonutrients and other crucial molecules make it a favorable fruit for treating malnutrition. Given their nutritional
value, further study is required to explore the full potential of the sticky nightshade berries during ripening to promote its
use in the diet to utilize their astounding benefits.

6. CONFLICT OF INTEREST

The authors declared no conflict of interest.

7. FINANCIAL SUPPORT
The study did not receive any funding.

8. ACKNOWLEDGEMENT

Authors are thankful to Dr. Sheikh Bokhtear Uddin, Professor, Department of Botany, University of Chittagong for
identifying the plant.

9. REFERENCES

1. O'Donnell, O. Access to health care in developing countries: breaking down demand side barriers. Cadernos de
saude publica, 23(12), 2820-2834, 2007.

2. Calixto, J. B. Efficacy, safety, quality control, marketing and regulatory guidelines for herbal medicines
(phytotherapeutic agents). Brazilian Journal of medical and Biological research, 33(2), 179-189, 2000.

3. Ullah, M., Chy, F. K., Sarkar, S. K., Islam, K. M. and Absar, N. Nutrient and Phytochemical Analysis of Four
Varieties of Bitter Gourd (Momordica charantia) Grown in Chittagong Hill Tracts, Bangladesh. Asian Journal of
Agricultural Research, 5(3):186-193, 2011.

4. Gharibzahedi, S. M. T., & Jafari, S. M. The importance of minerals in human nutrition: Bioavailability, food
fortification, processing effects and nanoencapsulation. Trends in Food Science & Technology, 62, 119-132,
2017.

5. Rajendran, D. Application of nano minerals in animal production system. Research Journal of
Biotechnology, 8(3), 1-3, 2013.

6. Kumar, S., Pandey, A. K., AbdulRazzaque, W. A., & Dwivedi, D. K. Importance of micro minerals in
reproductive performance of livestock. Veterinary world, 4(5), 230, 2011.

7. Bvenura, C., & Sivakumar, D. The role of wild fruits and vegetables in delivering a balanced and healthy
diet. Food Research International, 99, 15-30, 2017.

8. Park, Y. W., & Bell, L. N. Determination of moisture and ash contents of foods. FOOD SCIENCE AND
TECHNOLOGY-NEW YORK-MARCEL DEKKER-, 138(1), 55, 2004.

9. Okeke, C.U. and I. Elekwa. Proximate and preliminary phytochemical analyses of avocado pear Persea
gratissima Gaertn. f. (family Lauraceae). Niger. J. Bot., 19: 156-162, 2006.

10. Dutta, A.C. Botany for Degree Students. 6th Edn., Oxford University Press, New Delhi, India, pp: 301-588,
2003.

11. Bouttwell, R.K.. An Overview of the Role of Nutrition in Carcinogenesis. In: Nutrition Growth and Cancer,
Harris, C.C. and P.A. Cerutti (Eds.). Alan R. Liss, London, pp: 387-418, 1998.

12. Timmermans, B. G. H., Vos, J., Van Nieuwburg, J., Stomph, T. J., Van der Putten, P. E. L., & Molendijk, P. G.
Field performance of Solanum sisymbriifolium, a trap crop for potato cyst nematodes. |. Dry matter
accumulation in relation to sowing time, location, season and plant density. Annals of applied biology, 150(1),
89-97, 2007.

13. Chauhan, K., Sheth, N., Ranpariya, V., & Parmar, S. Anticonvulsant activity of solasodine isolated from
Solanum sisymbriifolium fruits in rodents. Pharmaceutical biology, 49(2), 194-199, 2011.

14. Ferro, E. A., Alvarenga, N. L., Ibarrola, D. A., Hellidn-lbarrola, M. C., & Ravelo, A. G. A new steroidal
saponin from Solanum sisymbriifolium roots. Fitoterapia; 76(6): 577-579, 2005.

Asian Online Journals (www.ajouronline.com) 16



http://www.ajouronline.com/

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

Asian Journal of Agriculture and Food Sciences (ISSN: 2321 — 1571)
Volume 9 — Issue 1, February 2021

Gonzales Torrez, D.M. Catalogo de Plantas Medicihales O' Alimenticias y Utiles) Usadas en el Paraguay. El
Pals, Asuucidn, pp. 312 and 452, 1992.

Martinez-Crovetto R. Fertility-regulating plants used in popular medicine in Northeastern Argentina. Parodiana
I,97-117, 1981.

Hnatyszyn, 0,. Arenas, P., Moreno, A.R., Rondina, R,V.D. and Coussio, J.D. Preliminary phytochemical study
of Paraguayan medicinal plants. I. Plants regulating fertility from medicinal folklore. Revista de la Soeiedad
Cient(B'ea (Paraguay) 14, 23, 1974.

Evans, W.C. and Somanabandhu, A. Nitrogen-containing non-steroidal secondary metabolites of Solanum,
Cyphomandra, Lycianthes and Margaranthus. Phytochemistry 19, 2351-2356, 1980.

Maldoni, B.E. Alkaloids of Solanum sisymhrii/olium. Anales ~& /a Asociacién Quimica Argentina 72, 265-267,
1984.

Mazumdar, B.C. Steroidal sapogenins in two wild species of Solanum. Scienee and Culture 50, 122-123, 1984.

Chakravarty AK, Mukhopadhyay S, Saha S, Pakrashi SC. A neolignan and sterols in fruits of S. sisymbriifolium.
Phytochemistry, 41, 935-939, 1996.

Weissenberg, M. Isolation of solasodine and other steroidal alkaloids and sapogenins by direct hydrolysis-
extraction of Solanum plants or glycosides therefrom. Phytochemistry; 58(3): 501-508, 2001.

Ibarrola, D. A., Hellion-Ibarrola, M. D. C., Alvarenga, N. L., Ferro, E. A., Hatakeyama, N., Shibuya, N., ... &
Tsuchida, K. Cardiovascular Action of Nuatigenosido from Solanum sisymbriifolium. Pharmaceutical
biology, 44(5), 378-381, 2006.

Silva, T. M. S., Batista, M. M., Camara, C. A., & Agra, M. F. Molluscicidal activity of some Brazilian Solanum
spp.(Solanaceae) against Biomphalaria glabrata. Annals of Tropical Medicine & Parasitology, 99(4), 419-425,
2005.

More, G. K. A review of the ethnopharmacology, phytochemistry and pharmacological relevance of the South
African  weed  Solanum  sisymbriifolium  Lam.(Solanaceae). Environment, Development  and
Sustainability, 21(1), 37-50, 2019.

AOAC, Official Methods of Analysis, 13th edition, Association of Official Analytical Chemists, Washington,
DC, USA, 1980.

AOAC, Official Methods of Analysis. Association of Official Analytical Chemists, Washington, DC, USA,
1995.

AOAC. Official and Tentative Methods of Analysis. 9th edition, Association of Official Analytical Chemists,
Washington DC., pp: 73, 1960.

Petersen, L. Analytical methods: Soil, water, plant material, fertilizer. Soil Resources Management and
Analytical Services, Soil Resource Dev., Inst. Danida, Dhaka, 2002.

Noormrio, M.H., Dahot, M.U., Siddiqui, H.L., Dewani, V.K. Studies on the nutritive composition of
Phyllanthus multiforus (Kanoo) fruit. Sci. Sindh, 3: 13-19, 1996.

FAO. Global Plan of Action for the Conservation and Sustainable Utilization of Plant Genetic Resources for
Food and Agriculture and the Leipzig Declaration; FAO: Rome, Italy, 1996.

FAO. Rome Declaration on World Food Security and World Food Summit Plan of Action; FAO: Rome, Italy,
1996.

Laio, F., Porporato, A., Ridolfi, L., & Rodriguez-Iturbe, I. Plants in water-controlled ecosystems: active role in
hydrologic processes and response to water stress: Il. Probabilistic soil moisture dynamics. Advances in water
resources, 24(7), 707-723, 2001.

Frenkel, C., & Hartman, T. G. Decrease in fruit moisture content heralds and might launch the onset of ripening
processes. Journal of food science, 77(10), S365-S376, 2012.

Asian Online Journals (www.ajouronline.com) 17



http://www.ajouronline.com/

35.

36.

37.

38.

39.

40.
41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

Asian Journal of Agriculture and Food Sciences (ISSN: 2321 — 1571)
Volume 9 — Issue 1, February 2021

Antia,B.S., E.J. Akpan, P.A. Okon and I.U. Umoren. Nutritiveand Anti-Nutritive Evaluation of Sweet Potatoes
(Ipomoea batatas) Leaves. Pak. J. Nutr., 5: 166-168, 2006.

Kamau, E., Mathara, J., & Kenji, G. Characterization of the Chemical and Phytochemical Profiles during Fruit
Development and Ripening in Selected Cultivars of African Nightshade (Solanum Nigrum Complex) Edible
Berries. Journal of Agricultural Studies, 8(2), 806-819, 2020.

Barbera, G., Carimi, F., & Inglese, P. Physical, morphological and chemical changes during fruit development
and ripening in three cultivars of prickly pear Opuntia ficus-indica (L.) Miller. Journal of Horticultural Science
and Biotechnology, 3(113), 307-312, 1992.

Balic, I., Vizoso, P., Nilo-Poyanco, R., Sanhueza, D., Olmedo, P., Sepllveda, P., & Campos-Vargas, R.
Transcriptome analysis during ripening of table grape berry cv. Thompson Seedless. Plos one, 13(1), e0190087,
2018.

Skrovankova, S., Sumczynski, D., Mlcek, J., Jurikova, T., & Sochor, J. Bioactive Compounds and Antioxidant
Activity in Different Types of Berries. International Journal of Molecular Science, 16, 24673-24706, 2015.
https://doi.org/10.3390/ijms161024673, 2015.

DeVries, J. W. On defining dietary fibre. Proceeding Nutrition Society, 62, 37— 43, 2003
Kritchevsky, D. Dietary fibre. Annual Review of Nutrition, 8(1): 301-328, 1988

Schmeda-Hirschmann, G., Feresin, G., Tapia, A., Hilgert, N., & Theoduloz, C. Proximate composition and free
radical scavenging activity of edible fruits from the Argentinian Yungas. Journal of the Science of Food and
Agriculture, 85(8), 1357-1364, 2005.

Robinson, C. H, and Lawler, M . Normal and therapeutic Nutrition. Macmillan Co Ltd., New York, 1980.

Haard, N.F., “Postharvest physiology and biochemistry of fruits and vegetables”, Journal of Chemical
Education, 61(4). 277-283. 1984

Weber, H., Sarruge, J.R., Haag, H.P. and Dechen, A.R., “Macronutrient deficiencies on Solanum topiro Humb.
& Bonpl.”, Anais da Escola Superior de Agricultura Luiz de Queiroz, 38(2). 481-506. 1981

Contreras-Medina, L.M., Osornio-Rios, R.A., Torres-Pacheco, I., Romero-Troncoso, R.J., Guevara-Gonzélez,
R.G. and MillanAlmaraz, J.R., “Smart sensor for real-time quantification of common symptoms present in
unhealthy plants”, Sensors, 12(1). 784-805. 2012

Volpe, S. L. Magnesium in Disease Prevention. Advances in Nutrition: An International Review Journal, 4, 378-
383. https://doi.org/10.3945/an.112.003483, 2013.

Emila, S., & Swaminathan, S. Role of Magnesium in Health and Disease. Journal of Experimental Sciences,
4(2), 32-43, 2013.

Long, S., & Romani, A. M. P. Cellular Magnesium in Human Disease. Austin J Nutr Food Sci, 2(10), 1-19,
2015.

Eby Ill, G. A., & Eby, K. L. Magnesium for treatment-resistant depression: a review and hypothesis. Medical
hypotheses, 74(4), 649-660, 2010.

Anderson, J. J. Calcium, phosphorus and human bone development. The Journal of nutrition, 126(suppl_4),
1153S-1158S, 1996.

Nomura, N., Shoda, W., & Uchida, S. Clinical importance of potassium intake and molecular mechanism of
potassium regulation. Clinical and experimental nephrology, 1-6.Marschner, H. (1995). Mineral Nutrition of
Higher Plants (2nd ed.). Academic Press, 2019.

Sterns, R. H., Cox, M. A. L. C. O. L. M,, Feig, P. U., & Singer, I. R. W. I. N. Internal potassium balance and
the control of the plasma potassium concentration. Medicine, 60(5), 339-354, 1981.

Gennari, C. Calcium and vitamin D nutrition and bone disease of the elderly. Public health nutrition, 4(2b),
547-559, 2001.

Asian Online Journals (www.ajouronline.com) 18



http://www.ajouronline.com/
https://doi.org/10.3390/ijms161024673
https://doi.org/10.3945/an.112.003483

55.

56.

57.

58.

59.

60.

61.

62.

Asian Journal of Agriculture and Food Sciences (ISSN: 2321 — 1571)
Volume 9 — Issue 1, February 2021

Lu, B., Zhang, Q., Wang, H., Wang, Y., Nakayama, M., & Ren, D. Extracellular calcium controls background
current and neuronal excitability via an UNC79-UNC80-NALCN cation channel complex. Neuron, 68(3), 488-
499, 2010.

Sacks, F. M., Svetkey, L. P., Vollmer, W. M., Appel, L. J., Bray, G. A., Harsha, D., ... & Cutler, J. A. Effects
on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH)
diet. New England journal of medicine, 344(1), 3-10, 2001.

Grimm Jr, R. H., Neaton, J. D., Elmer, P. J., Svendsen, K. H., Levin, J., Segal, M., ... & Prineas, R. J. The
influence of oral potassium chloride on blood pressure in hypertensive men on a low-sodium diet. New England
Journal of Medicine, 322(9), 569-574, 1990.

Gasche, C., Lomer, M. C. E., Cavill, I, & Weiss, G. lron, anaemia, and inflammatory bowel
diseases. Gut, 53(8), 1190-1197, 2004.

Aspuru, K., Villa, C., Bermejo, F., Herrero, P., & Lopez, S. G. Optimal management of iron deficiency anemia
due to poor dietary intake. International journal of general medicine, 4, 741, 2011.

llahy, R., Hdider, C., Lenucci, M. S., Tlili, 1., & Dalessandro, G. Antioxidant activity and bioactive compound
changes during fruit ripening of high-lycopene tomato cultivars. Journal of food composition and
analysis, 24(4-5), 588-595, 2011.

Mahmood, T., Anwar, F., Bhatti, I. A., & Igbal, T. Effect of maturity on proximate composition, phenolics and
antioxidant attributes of cherry fruit. Pak. J. Bot, 45(3), 909-914, 2013.

Woteki, C. E., & Thomas, P. R. (Eds.). Eat for life: The food and nutrition board’s guide to reducing your risk
of chronic disease. National Academies, 1992.

Asian Online Journals (www.ajouronline.com) 19



http://www.ajouronline.com/

