RESPONSE OF TEN WINGED BEAN ACCESSIONS ON NUTRITIONAL QUALITY
AND NUTRIENT UPTAKE IN THE GUINEA SAVANNAH ZONE OF NORTH
CENTRAL, NIGERIA

Abstract

The current experiment was conducted at the Biotechnology Advanced Research Centre Farm,
Garki-Abuja during 2018 and 2019 to study the nutritional quality and nutrient uptake of ten
accessions of winged bean. The experiment was laid out using Randomized Complete Block
Design (RCBD) and replicated three times. Data collected on nutritional quality were protein,
magnesium, carotene, iron, phosphorus, calcium and vitamin C and. nutrient uptake elements
were: nitrogen, phosphorus, calcium, potassium and magnesium respectively.. The mineral
contents were subjected to analysis of variance (ANOVA) and significant means compared using
the Duncan Multiple Range Test (DMRT). Results revealed that among the nutritional quality of
mineral content evaluated, phosphorus recorded the highest content obtained from TPT 9 (236.28
mg/100 g). Moreso, the highest nutrient uptake was obtained from calcium in accession TPT 6
(354.33 mg/kg). Overall, both nutritional qualities and nutrient uptake were significance
(p<0.05) from the study. Based on the results from this study, it could be concluded that for
better nutritional quality and nutrient uptake, the acecessions TPT 9 and TPT 6 could be
particularly grown by farmers in this ecological area.
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Introduction

“Winged bean [Psophacarpus tetragonolobus (L.) DC] is an herbaceous perennial plant but can
be grown as an annual crop™.[1]. “It is an underutilized plant which has a wide genetical
potential to be utilized as a source of quality food and forage” [2]. “Winged bean seeds are
generating unique. research and commercial interest mainly due to their nutritional quality- high
proteins and fatty oil content” [3]. It is also a protein-rich multipurpose legume and is listed as
one ofthe under.exploited plant in the tropics [4] with huge potential as a food source [5, 6]. “It
IS consumed as pods, seeds, flowers and also tuberous roots because of their great nutritional
values.. The tubers; young pods, seeds, leaves, flowers and shoot are rich in protein, amino acids
oils, vitamins and minerals” [7, 8]. “Winged bean has been regarded as a *“one species
supermarket” because practically all of the plant parts are edible” [9- 11]. “At maturity, the pods
are 6-9 inches long and 1% inches broad, with four angled leaflike wings running lengthwise to
the pods. Seeds are round and green when mature, similar to soybeans. In tropical regions, the
winged bean is a crop with vigorous production of new foliage, high protein, and tolerance of
soil acidity and salinity” [12]. “Root and seed are high in protein. Much publicity has been given
to this because of its high protein content and the edibility of so many parts. The leaf and stem
petiole of winged bean and velvet bean mainly serve as ground cover, but the pod is used as food



and medicine in regions of Southern Asia” [13, 14]. Winged bean plants grow best under hot,
wet conditions and grow best with 1000 to 1250 mm of rainfall per annum. This study was
conducted to know the various mineral contents that are beneficial to human health and nutrient
uptake that could be utilized by the plants for growth and yield.

Materials and methods

This experiment was conducted at the Biotechnology Advanced Research Centre Farm, Sheda
Science and Technology Complex Garki-Abuja, FCT, Nigeria in 2018 and 2019. Abuja is
located at 8°10°N and 7° 10°N and the climate is cold and dry from November.to March and
then warm and moist from April to October. The maximum and minimum temperature.is 35 and
27°C, respectively. The humidity of this area is high (74%) all the year round except in January
when dry wind blows from the north. The average annual rainfall is over 1250 mm. Ten winged
bean accessions were planted to obtained nutritional quality and nutrient uptake viz: TPT 3, TPT
6, TPT 9, TPT19, TPT 30, TPT 32, TPT 33, TPT 42, TPT 48 and TPT 153.

Standard laboratory methods were used to analyze the seeds and leaves that were processed into
powder form for proximate analysis. The determination.of grain phytochemical contents was at
full maturity, 10 grain samples were randomly-selected per plot and analyzed for nutritional
qualities such as protein, magnesium, carotene, iron, phosphorus, calcium and vitamin C. To
assess these contents the grain samples wefe oven at 75°C for 72 hours. The dried grain samples
were separately ground with a Wiley mill, and pass through a 0.5 mm sieve for tissue analysis.
Total P was determined by the VVanadomolybdate method, K and Ca were determined by flame
photometry and Mg and Fe were determined by atomic absorption spectrophotometer [15]. Total
N was analyzed by the micro-Kjeldahl procedure as described by [15] and crude protein was
obtained by multiplying the total N by a factor of 6.25. The same method was used to determine
the nutrient uptake. The determination of leaf phytochemical contents of 5 leaves was randomly
selected per plot and.analyzed for nutrient uptake such as nitrogen, phosphorus, calcium,
potassium and magnesium. The proximate and nutrient uptake analyses were conducted at the
Central Services Laboratory of NCRI Badeggi, Niger State. Data were subjected to analysis of
variance (ANOVA) using the Crop STAT package and significant means were separated by
Duncan Multiple Range Test (DMRT) at 5% probability level.



Table 1: The mean, protein magnesium and carotene nutritional qualities of winged bean
accessions in 2018 and 2019 cropping seasons

Nutritional qualities (mg/100 g)

Accessions Protein Magnesium Carotene
2018 2019 2018 2019 2018 2019
TPT3 12.78 31.75 151.67 72.67 24.56 16.04
TPT6 20.21 27.31 96.18 64.33 21.90 22.54
TPT9 30.19 31.58 190.67 61.67 24.54 24.01
TPT19 18.96 24.85 163.51 83.88 25.39 30.08
TPT30 23.91 25.19 213.99 7741 24.86 26.93
TPT32 29.65 24.34 201.57 68.67 22.80 27.88
TPT33 23.75 31.05 175.09 79.00 28.06 28.83
TPT42 25.39 25.80 221.49 72.00 27.37 32.07
TPT48 33.50 32.60 180.03 82.63 27.09 29.43
TPT153 32.74 25.15 20511 65.33 28.76 29.83
Significant ns ns ns ns ns ns
SE 4.43 4.71 53.55 11.64 6.31 5.35
DMRTo 05 13.17 13.98 159.09 34.58 18.74 15.89
CV (%) 30.6 29.1 51.50 27.70 42.80 34.60

NS = Non-Significant, * = Significant at 5%, SE = Standard Error

DMRT = Duncan’s Multiple Range Test
CV = Coefficient of variation

Means. with the same letter in the same column are not significantly different using Duncan
Multiple Range Test (DMRT) at 5% probability level

Results

Nutritional qualities of ten winged bean accessions:
Protein, magnesium and carotene minerals contents obtained from winged bean were not
significantly (p>0.05) different in 2018 and 2019 cropping seasons.




Iron and phosphorus contents of the ten winged bean plants were not significantly (p>0.05)
influenced in the 2018 and 2019 cropping seasons (Table 2). But the mineral content derived
from the winged bean accessions were significantly (p<0.05) different from each other in 2019
season. TPT9 (236.28 mg/100 g) recorded the highest mineral content followed by TPT48
(204.63 mg/100 g) and the least mean values were obtained from TPT153 (144.93 mg/100 g) and
TPT3 (143.17 mg/100 g).

Table 2: The mean iron and phosphorus nutritional qualities of winged bean accessions
in 2018 and 2019 cropping seasons

Nutritional qualities (mg/100 g)
Accessions Iron Phosphorus
2018 2019 2018 2019

TPT3 9.28 1.73 240.25 143.17c
TPT6 8.96 2.13 172.97 166.99bc
TPT9 8.77 2.76 229.24 236.28a
TPT19 9.75 2.70 169.03 151.53c
TPT30 9.11 4.54 219.84 164.33bc
TPT32 9.66 3.55 213.35 164.33bc
TPT33 9.78 251 163.34 165.44bc
TPT42 9.37 3.84 229.42 164.47bc
TPT48 10.66 3.52 141.40 204.63ab
TPT153 11.58 3.23 192.72 144.93c
Significant ns Ns ns *
SE 2.82 0.55 57.23 15.53
DMRT 05 8.37 1.64064 170.04 46.15
CV (%) 50.3 313 50.3 15.8

NS = Non-Significant, * = Significant at 5%, SE = Standard Error

DMRT = Duncan’s Multiple Range Test

CV = Coefficient of variation

Means with the same letter in the same column are not significantly different using Duncan
Multiple Range Test (DMRT) at 5% probability level




Table 3: The mean calcium and vitamin C nutritional qualities of winged bean
accessions in 2018 and 2019 cropping seasons

Nutritional qualities (mg100/ g)
Accessions Calcium Vitamin C

2018 2019 2018 2019
TPT3 85.89 339.00a 15.29ab 11.52c
TPT6 132.26 154.00c 13.14abc 13.85hc
TPT9 125.28 156.67¢ 7.94hc 13.00bc
TPT19 127.31 353.33a 5.83c 21.40a
TPT30 134.85 285.67ab 13.13abc 14.33bc
TPT32 134.08 277.67ab 12.50abc 15.67abc
TPT33 102.27 248.67abc 7.06¢ 17.74ab
TPT42 103.30 242.00abc 16.44a 17.00abc
TPT48 105.30 283.33ab 8:11bc 17.48abc
TPT53 103.60 195.00bc 10.39abc 18.67ab
Significant ns g * *
SE 32.90 36.07 2.27 1.82
DMRTo.05 97.76 107.18 6.73 5.41
CV (%) 49.40 24.60 35.70 19.60

NS = Non-Significant, * = Significant at 5%, SE = Standard Error

DMRT = Duncan’s Multiple Range Test

CV = Coefficient of variation

Means with the same letter in<the same column are not significantly different using Duncan
Multiple Range Test (DMRT) at 5% probability level

Calcium mineral“element content had no significant effect (p>0.05) in 2018, but there was
significant (p<0.05) difference in 2019 cropping season. The highest mineral content was
received from TPT19 (353.33 mg/100 g) but was not significantly different from the mineral
content obtained from TPT3 (339.00 mg/100 g). This was followed by TPT30, TPT48 and
TPT32 (285.69 mg 100/ g, 283.33 mg/100 g, 277.67 mg/100 g) while the least mean values were
observed from TPT9 (156.67 mg/100 g) and TPT6 (154 mg/100 g).

Vitamin C mineral content of winged bean accessions had significant (p<0.05) effect in both
cropping seasons. In 2018, TPT42 accession recorded the highest mean value (16.44 mg/100 g)
followed by TPT3 (15.29 mg/100 g) and the least mean values were obtained from TPT33 (7.06
mg/100 g) and TPT9 (5.83 mg/100 g). In 2019, the accessions had higher values than the values



recorded in 2018 season. TPT19 had the highest mean value (21.40 mg/100 g) followed by
TPT153 (18.67 mg/100 g) while the least mean value was obtained from TPT3 (11.52 mg/100

9).

Table 4: The mean nitrogen, phosphorus and calcium nutrient uptake of ten
winged bean accessions in 2018 and 2019 cropping seasons.

Nutrient uptake (mg/kg)
Accessions Nitrogen Phosphorus Calcium
2018 2019 2018 2019 2018 2019

TPT3 2.66 2.21 56.61 79.33b | 7.83c 316.74ab
TPT6 3.88 2.33 53.83 65.33b | 9.11bc | 354.33a
TPT9 3.16 2.25 48.05 162.67a | 8.96¢ 336.18ab
TPT19 441 2.38 54.52 67.67b | 10.37bc | 308.26abc
TPT30 3.20 2.68 57.57 63.33b | 9.03bc | 319.04ab
TPT32 3.05 3.07 42.00 78.33b | 10.70abc | 250.23abcd
TPT33 3.34 2.80 4212 88.00b | 12.06ab | 208.72bcd
TPT42 3.30 2.55 55.46 81.33b | 13.54a 118.74d
TPT48 2.81 2.12 53.15 59.00b | 10.78abc | 177.00cd
TPT153 2.73 3.19 57.68 46.67b | 13.68a 226.00abcd
Significant ns ns ns * * *
SE 0.39 0.24 6.11 15.38 0.91 40.67
DMRT 5 1.16 0.72 18.15 | 45.69 2.72 120.84
CV (%) 20.70 16.40 20.30 | 33.60 14.90 26.90

NS = Non-Significant, * = Significant at 5%, SE = Standard Error

DMRT = Duncan’s Multiple Range Test

CV .= Coefficient of variation

Means. with the same letter in the same column are not significantly different using Duncan
Multiple Range Test (DMRT) at 5% probability level



Nutrient uptake of ten winged bean accessions:

Nitrogen nutrient uptake of the ten winged bean accessions were not significantly (p>0.05)
different in both years of evaluation. Phosphorus nutrient uptake of winged bean accessions had
significant (p<0.05) difference only in 2019 with the highest mean value obtained from TPT9
(162.67 mg/kg). This accession proved its superiority over others while the remaining accessions
were at par with each other (Table 4).

Calcium nutrient uptake of the ten winged bean accessions was significant:(p<0.05).in the two
cropping seasons. In 2018 cropping season, the highest mean values were recorded from TPT153
(13.68 mg/kg) and TPT42 (13.54 mg/kg) respectively. These were. followed by mean value
obtained from TPT33 (12.06 mg/kg) while the least values were gotten from TPT9 (8.96 mg/kg)
and TPT3 (7.83 mg/kg). In 2019 cropping season, TPT6 accession recorded the highest mean
value (354.33 mg/kg). This was followed by TPT9 (336.18 mg/kg), TPT30 (319.04 mg/kg) and
TPT3 (316 mg/kg). The least mean value was gotten from TPT42 (118.74 mg/kg). In the overall,
the ten winged bean accessions planted in 2019 proved their superiority over 2018 cropping
season (Table 4).



Table 5: The mean potassium and magnesium nutrient uptake of ten winged bean

accessions in 2018 and 2019 cropping seasons

Nutrient uptake (mg/kg)
Accessions Potassium Magnesium

2018 2019 2018 2019
TPT3 16.47 322.52a 14.18abcd 88.22a
TPT6 15.60 283.18abc 11.06bcd 89.03a
TPT9 15.15 308.85ab 10.78cd 88.82a
TPT19 14.91 262.49abc 10.04cd 85.19ab
TPT30 16.18 313.08ab 9.52d 76.30abc
TPT32 16.58 235.18hc 14.19abcd 79.74abc
TPT33 16.29 278.85abc 13.52abcd 58.77bc
TPT42 16.56 209.30c 15.04abc 55.13c
TPT48 16.64 252.89abc 16.07ab 54.30c
TPT153 17.21 206.74c 16.68a 67.63abc
Significant ns * * *
SE 0.87 24,78 154 8.46
DMRT 05 2.59 73.62 4.59 25.12
CV (%) 9.30 16.10 20.40 19.70

NS = Non-Significant; * = Significant at 5%, SE = Standard Error

DMRT = Duncan’s Multiple Range Test

CV = Coefficient of variation

Means with<the same letter in the same column are not significantly different using Duncan
Multiple Range Test (DMRT) at 5% probability level

Potassium nutrient uptake of winged bean accession had significant (p<0.05) influence only in
2019 cropping season and TPT3 recorded the highest mean value (322.52 mg/kg). This was
followed by TPT30 (313.08 mg/kg) and TPT9 (308.85 mg/kg) while the least mean values were
found in TPT42 (209.30 mg/kg) and TPT153 (206.74 mg/kg).

Magnesium nutrient uptake of winged bean accessions was significantly (p<0.05) affected in
both cropping seasons. In 2018 cropping season, the highest mean value was gotten from
TPT153 (16.68 mg/kg) which was significantly better than other accessions while the least mean
value was obtained from TPT30 (9.52 mg/kg). However, in 2019 the trend changed with the



highest mean values observed from TPT6 (89.03 mg/kg), TPT9 (88.82 mg/kg), TPT3 (88.22
mg/kg) while the least mean values were obtained from TPT48 (54.30 mg/kg) and TPT42 (55.13
mg/kg).

Discussion

Result from this study revealed that the accessions evaluated had the potentials to improve
human health if properly utilized. Phosphorus, calcium and vitamin C contents of winged bean
seeds showed significant differences among the accessions evaluated. The result obtained from
this study is in line with [16] who stated that there was significant difference.in the mineral
contents of okra varieties used in their trial. From this study it was observed. that there was no
significant difference in protein, magnesium, carotene and iron contents. This was not in
agreement with [17] who narrated that these mineral contents recorded a high level of
significance in the experiment conducted in which winged bean was used as a test crop. The
trend of inconsistence observed in the nutritional values obtained from this study supported the
observations made by [18, 19]. Generally, results from this study.proved that TPT 3, TPT 9 and
TPT 48 showed highest nutritional values more than ather accessions. The result from this study
proved that winged bean had a source of special nutrient needed in the diet as indicated by the
nutritional values. This is in conformity with the findings. of [20]. Findings from this study
corroborates with [7, 8] who revealed that the tubers, young pods, seeds, leaves, flowers and
shoot are rich in protein, amino acids oils, vitamins and minerals that can improve human health.
“The ten winged bean accessions evaluated in this study are good sources of quality and mineral
elements. The variation in the nutritive values of different accessions of winged bean from this
study might be as a result of the environmental effect in which they were grown. Also,
distribution of minerals needed for human health in the edible portions of plants can be affected
by cultural production methods” as indicated by [21, 22]. In the present study, the uptake of
nutrient elements was significant except nitrogen. Findings from this study showed that the
highest nutrient uptake was found in accessions TPT 6. The result from the study is similar to the
findings reported by [23, 24] .in their trial conducted on the nutrient uptake of tomatoes on
different varieties.

Conclusion

Based. on this study, winged bean accessions TPT 9 had the highest mineral contents for
nutritional qualities and TPT 6 for nutrient uptake. The nutrients absorbed served as morale
boaster to the plants. Therefore, these accessions can be recommended for farmers for planting in
this ecological area of Nigeria.

References

1. Anamika, S.S, Rakesh, S. and Gantam, G. Survey report on occurrence of root knot disease
in winged bean. Archives of Phytopathology and plant Protection. 2011; 44 (2): 198-201.



2. Sayyidah, A.l, Muhamad, S, Trikoesomaningtyas and Awang, M. Agromorphological traits
and harvest period assessment of winged bean (Psophocarpus tetragonolobus) genotypes for
pod production. BIODIVERSITAS. 2021;Volume 22, Number 2. Pp.1069-1075.

3. Mohanty, C.S, Prahan, R.C. and Singh, V. Physicochemical analysis of Psophocarpus
tetragonolobus (L.) DC seeds with fatty acids and total lipids compositions. Journal of Food
Science and Technology. 2015; Vol. 52 no 6, Pp. 3360-3670.

4. Amoo, I.A, Adebayo, O.T. and Oyeleye, A.O. Chemical evaluation of winged bean
(Psophocarpus tetragonolobus), pitanga cherries (Eugenia uniflora) and orchid fruit (Orchid
fruit myristica. African Journal of Food Agriculture nutrition and development. 2006;6
(2): 1-12.

5. Mahto, C.S. and Dua, R.P. Genetic Divergence for Yield contributing Traits in
winged bean. Indian Journal of plant Genetic Resources. 2009; 22 (3): 239-242.

6. Amoo, I.A. Estimation of crude proteins in some Nigerian foods. Journal of Applied
Sciences. 1998; 1: 65-72.

7. Claydon, A. The role of the winged bean in human nutrition.:\WWorkshop/ seminar on
the Development of the potential of the winged bean. Los:Banos. 1978.

8. Hettiarachchy, N.S. and Kantha, S. Nutritive value of winged bean (Psophocarpus
tetragonolobus). Nutrisyon (Philippines). 1982; 7: 40-51.

9. Bhattacharyya, B. Golden Greens. The Amazing World of plants. The Energy and
Resources Institute (TERI). 2016; Pp. 128.

10. Wilson, E.O. Biophilia. Harvard WUniversity press. 1984; Pp. 132.

11. Ali, M., Madalageri, M.D.-and Mulge, R. Evaluation of winged bean [Psophocarpus
tetragonolobus (L.)] accessions for growth and yield characters. Research on crops. 2005; 6
(2).-Pp. 270-273

12. Weil, R.R. and Khalil, N.A. Salinity tolerance of winged bean as compared to that of
soybean. Agron. J. 1991; 78: 67-70

13. Dhanasekaran, M, Tharakan, B, and Manyam, B.V. Antiparkinson drug: Mucuna
pruriens shows antioxidant and metal chelating activity. Phytother. Res. 2008; 22: 6-11

14. Vadivel, V. and Pugalenthi, M. Effect of soaking in sodium bicarbonate solution

followed by autoclaving on the nutritional and antinutritional properties of velvet bean
seeds. J. Food Proc. 2009; Preserv 33: 60-73.



15. IITA. Automated and semi-automated methods for soil and plant analysis. Manual series
No. 7. IITA, Ibadan, Nigeria. 2009.

16. Tswanya, M.N, Amuzie, U, Babatunde, O, Akinwale, A, Bashir, T, Kyuka, C. and
Abubakar, 1. Response of Pruning on Growth, Fruit Yield, Nutritional Quality and
Nutrient uptake of two Okra Varieties (Abelmoschus esculentus). Asian Journal of

Agricultural and Horticultural Research. 2020; 7(3): 31-39.

17. Taofeek, T.A, Michael, T.A, Abdelaziz, H.A, Mahamadi, DBM, Olaniyi,”A.O, Sam, O.
and Olubukola, O.B. Nutrient and Antinutrient composition of Winged Bean
(Psophocarpus tetragonolobus (L.) DC.) Seeds and Tubers. 2019:

18. Lawal, B.A, Azeez, M.A, Egedegbe, G, Raji, I.A, Omogoye, A.M. and AKintola, E.A.
Screening winged bean (Psophocarpus tetragonolobus (L) DC). Accessions using
Agronomic characters. Asian Journal of soil science and plant Nutrition. 2019; 4 (3): 1-10.

19. Mohammad, A.l, AmruNasrulhag, B, Md, M.R, Mohd, S.A, and Muhammad, A.A.
Effects of organic fertilizers on the growth.and yield of bush bean, winged bean and
yard long bean. 2016; Vol. 59. http:// dx. Doi. Org/ 10.1590/1678-4324-2016160586.

20. Adegboyega, T.T, Abberton, M.T,Abdelgadir, A.H, Mahamadi, D, Olaniyi, O.A,
Ofodile, S. and Babalola, O.0O. Variation in winged bean (Phophocarpus
tetragonolobus) growth parameters, seed yield nodulation and nitrogen fixation. Asian
Journal of Agric. 2021; 5: 61-71

21. Kumaga, F.K, Adiku, S.G.K:"and Ofori, K. Effect of post-flowering water stress on
dry matter and yield of three tropical grain legumes. International Journal Agriculture and
Biology. 2003; 5: 405-40

22. Russo, V.M. Cultural methods and mineral contents of eggplant (Solanum melongena) fruits.
J. Sei. Food Agric. 1986; 71: 119-123

23. Olaniyi, J.0, Akanbi, W. B, Adejumo, T. A, Akande, O. G. Growth, fruit yield and
nutritional quality of tomato varieties. African Journal of Food Science. 2010; 4 (6): 398 —
402.

24. Tswanya, M.N, Olaniyi, J.O, and Ahmed, M. Effects of Mineral Fertilizers on fruit
yield and Nutrient uptake of Tomato (Lycopersicon lycopresicum Mill) in Ogbomoso and
Mokwa, Nigeria. Direct Research Journal of Agriculture and Food Science. 2018; Vol.
6(12), Pp. 334-343.



