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Nutritional properties of
underutilized legumes and
intercropped maize

Modupe S. Ayilara1,2, Michael Abberton2*, Olaniyi A. Oyatomi2,
Olu Odeyemi3 and Olubukola O. Babalola1

1Food Security and Safety Focus Area, Faculty of Natural and Agricultural Sciences, North-West
University, Mmabatho, South Africa, 2Genetic Resources Centre, International Institute of Tropical
Agriculture, Ibadan, Nigeria, 3Department of Microbiology, Obafemi Awolowo University, Ile-Ife, Nigeria
Over the years, intercropping which is majorly carried out on legumes and cereal

has been practiced to maximize the utilization of land resources and increase the

productivity over a piece of land. Most studies on intercropping focus on the

yield and yield parameters, leaving out other important aspects such as the

nutritional value of the harvested crops. Underutilized legumes are crops which

have very scanty information available on them which reduces their general

acceptability and utilization. The effects of intercropping on the nutrient status of

underutilized legumes and maize in an intercropping system are not well

understood. Therefore, the objective of the research was to assess the effect

of intercropping on the nutrient and antinutrient parameters of African Yam Bean

(AYB), and Winged bean (WB) when monocropped and when intercropped with

maize. Hence, this research sought to answer the following questions: (i) does

intercropping with maize affect the nutrient and anti-nutrient properties of AYB

and WB (ii) does intercropping with AYB and WB and the application of urea

fertilizer affect the nutrient and anti-nutrient properties of maize. Five accessions

each of AYB and WB were separately intercropped with two accessions of maize.

The research was carried out on the research field of the International Institute of

Tropical Agriculture, Ibadan, Nigeria. The field was laid out in a Randomized

Complete Block Design in triplicates. The treatment consisted of sole and

intercropped legumes and maize as well as maize planted with urea fertilizer.

The result from the research revealed that intercropping had effects on the

nutrient and anti-nutrient properties of AYB, WB and maize, even though each

accession responded differently to the intercropping. For instance, in the

legumes, intercropping with M2 led to a reduction in the moisture content of

AYB accessions TSs4, TSs30, and TSs77, and an increase in the moisture content

in winged bean accession Tpt51. Equally, a reduction in the protein content of

African yam bean accessions TSs4 and 101 when intercropped with both maize

accessions was observed (P ≤ 0.05). On the other hand, an increase was

observed in the protein content of AYB accession TSs30 (intercropped with

M2), as well as WB accession 15-4 (intercropped with M2) and Tpt51

(intercropped with M1). A reduced tannin content was observed in WB

accession Tpt12 intercropped with both maize accessions, while an increased

the tannin content was observed in AYB accessions TSs4, TSs101, and WB

accessions 15-4, and Tpt32 when intercropped with both maize accessions

(P ≤ 0.05). Finally, intercropping increased the fat content in both maize
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accessions, increased the tryptophan content of M1 when intercropped with

Tpt32, and increased the carbohydrate content in M1 intercropped with Tpt51. In

conclusion, the results from this experiment revealed that intercropping affected

the nutritional and antinutritional properties of the maize and legumes. Of all the

Accessions of the underutilized legumes used, AYB accession TSs30 responded

better to intercropping by having a better nutritional value (an increased ash,

protein, fat and carbohydrate contents as well as a reduced moisture content); it

is therefore necessary to further explore this accession to ensure that the

potentials embedded in itis maximally tapped into to enhance food security.
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1 Introduction

Nutritional insecurity is a global challenge in recent times, in

order to increase food availability, some farming practices such as

intercropping are being utilized. A large proportion of the world

population, especially from developing African countries, are

deficient in micronutrient (1). The unavailability of these nutrients

could be due to the presence of high anti-nutrients in food crops.

Anti-nutrients are organic or synthetic substances that inhibit

digestion as well as nutrient utilization, intake and absorption (2,

3). Anti-nutrients in food include lectins, enzyme inhibitors (a-

amylase, trypsin, and chymotrypsin), polyphenols, phytic acids,

tannin, and saponin (4). Intercropping (mixed cropping) is the

presence of two different crops on the same land in a period that

cut across the vegetative periods of both plants. Reports are available

on the nutritional and anti-nutritional composition of African yam

bean, Sphenostylis stenocarpa (AYB) (5, 6) and Winged Bean,

Psophocarpus tetragonolobus (WB) grains (7, 8) when solely

planted but insufficient information are available on these

parameters when intercropped.

AYB (9) and WB (10) reported that underutilized legumes are

legumes that are not well-known due to scanty research information

available on them. WB has been reported to be highly nutritious and

contains low anti-nutrients (8), while AYB has been reported to

contain high nutrient but need more processing to reduce its anti-

nutritional properties to make it ideal for consumption (5). The

effects of nutritional and anti-nutritional components cannot be

undermined in food products, as they highly correlate with food

security and safety. Moisture content is an essential factor that affects

the processing and storage of food products (11), a high moisture

content makes crops susceptible to microbial proliferation and vice-

versa. Iron is vital in maintaining vigorous hair, nails, skin and in the

production of haemoglobin in the body (12). Ash content in food

depicts the total mineral (K, Zn, Mg, Ca, Fe, Cu, Mg, and Na)

composition in food products (13), fat is useful in determining the

shelf-life and safety of food (14) and protein serves as a building

block of life which is responsible for the repair of damaged tissues

and cells (15). Tryptophan is an important amino acid gotten from
02
plants and needed in the formation of protein in living cells which

after consumption, is transformed into serotonin, kynurenine,

nicotinamide and melatonin (16). Carbohydrate is essential as a

source of energy to all living things, phosphorus in legumes is

present in phytic acid form and it is well known to inhibit the

availability of micronutrients (iron, calcium, manganese, zinc, and

magnesium) in humans (2). Consumption of anti-nutrients could

lead to bloating, rashes, nausea, headache, and nutrient deficiency

(17). Intercropping has been reported to affect the nutritional

component of the crops involved, for instance, Raza et al. (18)

carried out a research where soybean and maize were intercropped

and the researchers revealed that intercropping led to an improved

nutrient status in the legume and a reduce nutritional content in

maize. Equally, Soe Htet et al. (19) reported a higher protein content

in the silage of intercropped maize and soybean. Majority of the

research available on intercropping of legumes and cereals focused

on the yield and yield parameters with very few works on the

nutrient and anti-nutrient parameters. Therefore, the objective of the

study is to assess the nutritional and anti-nutritional properties of

intercropped and solely cropped grains of underutilized legumes and

maize; this will give an insight on the effect of intercropping on these

parameters, consequently giving room to tap into the potentials of

intercropping in these crops to improve food security. Hence this

research sought to answer the following questions: (i) does

intercropping with maize affect the nutrient and anti-nutrient

properties of African yam bean and winged bean? (ii) does

intercropping with AYB and WB and urea fertilizer application

affect the nutrient and anti-nutrient properties of maize?
Materials and methods

2.1 Study site and treatment

The nutritional and anti-nutritional composition of the maize,

AYB and WB seeds were evaluated using the research field of the

International Institute of Tropical Agriculture, Ibadan which is

located at latitude 7° 22’ 36.24” N and longitude 3° 56’ 23.23” E.
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The treatment contained sole and intercropped AYB, WB and maize

and also contained maize planted with urea fertilizer. Samples of all

harvested seeds were evaluated at the Food and Nutrition Sciences

Laboratory of the International Institute of Tropical Agriculture,

Ibadan, Nigeria. The field was laid out in a Randomized Completely

Block Design (RCBD) in three replicates and the planting density was

ratio 1:1.The field was manually weeded at regular intervals and the

maize were sprayed with Chlorantraniliprole insecticide (ampligo) at

the rate of 100g per litre to prevent the invasion of armyworms. In the

intercropped plots, AYB and WB seeds were sown at a distance of 25

cm from maize, while for the sole maize and legumes, the planting

distance were 25 cm and 75 cm respectively. Maize plots where urea

fertilizer was applied also had a planting distance of 25 cm and the

urea was applied at the rate of 90kg/ha as a positive control treatment.

Different fields were utilized for the planting of AYB and WB. The

maize seeds were planted four weeks after the legumes. Five

accessions of AYB (TSs30, TSs77, TSs68, TSs101, and TSs4), five

accessions of WB (Tpt53, 15-4, Tpt12, Tpt51, Tpt32), and two

accessions of maize (Tzm1310 and Tzm188) were used for the

experiment. The phytate, ash, moisture, protein, fat, tannin,

tryptophan and carbohydrate contents of the seeds were evaluated

in the sole and intercropped treatments.
2.2 Determination of ash content

Two grams of the samples were weighed into the crucible and

combusted in a muffle furnace at 550°C until it turned to ash at a

constant weight. The crucible was transferred to a desiccator and

weighed after that (20). The percentage ash content was calculated

as shown in equation I.

(CA − C) ÷ (SW)� 100 equation I

Where: CA = Weight of the crucible with ash, C = Weight of

empty crucible, SW = Sample weight

2.3 Determination of total carbohydrate
The carbohydrate value was estimated using the formula in

equation II below (21).

Total carbohydrate = 100 − (P + A + M + F) equation II

Where: P = Percentage protein, A = Percentage ash, M =

Percentage moisture, F = Percentage fat
2.4 Determination of crude fat

Three grams of each sample was weighed on a filter paper and

placed in an extraction thimble. Fat was extracted using petroleum

ether in an extracting can as a solvent, with the aid of Foss soxtec

2055 fat extractor (22).

The percentage crude fat content was calculated as shown in

equation III below
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Percentage Fat=oil

= ((CO − C)� 100) ÷ Sample weight equation III

Where: CO =Weight of the extracting container with the extracting

oil (solvent), C = Weight of the empty extracting container

2.5 Determination of tryptophan
About four grams of the prepared sample was hydrolyzed while

in an alkaline state, barium hydroxide solvent was added and kept

on heat at 100°C. The hydrolysate that resulted was evaluated using

reverse-phase liquid chromatography with UV detection at 28

nm (23).

2.6 Determination of moisture content
Three grams of each sample was weighed into the moisture

canister and dried on the oven (Memmert, GmbH, Model-30-750)

till constant weight at a temperature of 105°C and then weighed

again after cooling in a desiccator (24).

The percentage moisture was calculated as shown in equation

IV below

Percentage Moisture

= ((DLBD − DLAD)� 100) ÷ (DLBD − DLÞ equation IV

Where: DLBD = Weight of sample, dish and dish lid before

drying, DLAD = Weight of sample, dish and dish lid after drying,

DL = Weight of empty dish and dish lid

2.7 Determination of crude protein
The protein content in the seeds was evaluated using the

Kjeldahl method, this was done by weighing around 0.2 grams of

the ground seed sample and digesting them before titration was

carried out. A control referred to as a blank titre was prepared and

the percentage protein content, as well as the protein content of

each sample, was displayed on the automated machine screen. Foss

Tecator™Digestor and Kjectec 2200 distillation machine were used

for the digestion and titration respectively.

2.8 Phytate and iron content
The phytic acid precipitation and extraction was carried out

using the procedure of Wheeler and Ferrel (25). Thereafter, the iron

content was quantified as described byMakeover 1970. Ratio four to

six (4:6) Fe/p atomic ratio was adopted to determine the phytic acid

value of the sample.
2.9 Tannin content determination
The tannin was determined using the method of Adegunwa

et al. (26). About 0.5g of each sample was weighed and transferred

into 50 ml distilled water and adequately mixed; the solution was

left to stay at a temperature of 28°C for 30 minutes and filtered

through No. 42 Whatman filter paper to obtain an extract. Two (2)

ml of the obtained extract was transferred into a volumetric flask

(50 ml). Standard solutions were also made using 2 ml each of
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distilled water and tannin solution. A saturated solution of Na2CO3

(2.5 ml) and Folins reagent was added to the sample and the

standard solutions, and thereafter, they were filled up to a volume

of 50 ml and incubated for 90 minutes at 28°C. The absorbance of

the solution was measured in a spectrophotometer.

2.10 Data analysis
All data obtained from the study were subjected to Analysis of

variance using (ANOVA) using SAS software 9.4 version at

significance level p< 0.05. The means were separated using

Fishers LSD.
3 Results

3.1 Nutrient contents in intercropped and
monocropped AYB and WB

The ash content in the legume seeds ranged between 3.49-3.77%

in AYB and 4.09-4.36% in WB (monocrop situation) and 3.03-

4.47% (AYB) and 3.76-4.33% (WB) under intercropping condition

(P ≤ 0.05). The moisture content in the legume seeds ranged

between 11.04-11.56% in AYB and 9.24-10.66% in WB

(monocrop situation) and 8.89-11.49% (AYB) and 8.95-9.75%
Frontiers in Soil Science 04
(WB) under intercropping condition (Tables 1, 2). The fat

content in the legume seeds ranged between 1.42-5.17% in AYB

to 13.31-15.42% in WB (monocrop situation) and 1.19-4.56%

(AYB) and 8.44-17.00% (WB) under intercropping condition. The

protein content in the legume seeds ranged between 19.78-23.97%

in AYB and 33.53-36.37% in WB (monocrop situation) and 18.56-

35.23% (AYB) and 33.32-37.91% (WB) under intercropping

condition. The tryptophan content in the legume seeds ranged

between 0.12-0.17% in AYB and 0.55-0.82% in WB (monocrop

situation) and 0.02-0.17% (AYB) and 0.55-0.82% (WB) under

intercropping condition (P ≤ 0.05). The carbohydrate content in

the legume seeds ranged between 57.98-63.79% in AYB and 35.18-

37.11% in WB (monocrop situation) and 46.86-64.81% (AYB) and

34.08-43.37% (WB) under intercropping condition. There was a

significant difference between the sole and intercropped AYB and

WB in terms of their phytate, ash, fat, moisture, protein, tannin,

moisture content, tryptophan and carbohydrates contents (Table 1

and 2). The moisture content of AYB accessions TSs4, TSs30, and

TSs77 were lower when intercropped with M2. WB accession Tpt51

had a higher moisture content when intercropped with both maize

accessions. Intercropping with both accessions of maize reduced the

protein contents of AYB accessions TSs4 and TSs101, intercropping

with M2 increased the protein content of AYB accession TSs30 and

WB accession 15-4, while intercropping M1 with WB accession
TABLE 1 Effect of intercropping on the nutritional and anti-nutritional contents of AYB.

Trt Phy (%) Ash (%) Moist (%) Prot (%) Fat (%) Tan (%) Tryp (%) Carb (%)

Sole TSs77 3.44 3.63 11.46 21.69 2.02 0.13 0.12 61.20

Sole TSs68 5.48 3.77 11.04 19.78 1.62 0.15 0.17 63.79

Sole TSs30 4.04 3.64 11.56 23.97 1.42 0.13 0.16 59.40

Sole TSs101 4.68 3.49 10.84 22.51 5.17 0.10 0.14 57.98

Sole TSS4 4.46 3.56 10.85 22.63 2.09 0.05 0.17 60.86

TSs77+M1 4.72 3.70 11.09 22.47 1.82 0.10 0.17 60.92

TSs68+M1 3.74 3.65 10.99 18.56 1.99 0.14 0.09 64.81

TSs30+M1 4.0 3.57 11.31 22.70 1.19 0.16 0.14 61.23

TSs101+M1 5.06 3.12 11.34 21.06 1.42 0.23 0.12 63.06

TSs4+M1 5.58 3.03 10.42 21.42 1.34 0.32 0.13 63.78

TSs77+M2 4.14 3.91 10.87 24.66 1.57 0.13 0.02 58.99

TSs68+M2 4.08 3.61 11.05 20.35 1.80 0.14 0.12 63.19

TSs30+M2 5.02 4.47 8.89 35.22 4.55 0.10 0.07 46.86

TSs101+M2 4.24 3.40 11.49 21.07 1.21 0.16 0.11 62.83

TSs4+M2 5.92 3.07 10.20 20.20 3.17 0.26 0.17 63.36

G.MEAN 4.57 3.58 10.89 22.55 2.16 0.15 0.13 60.82

LSD 0.16 0.34 0.51 1.03 0.44 0.05 0.04 1.46

CV 1.62 4.38 2.16 2.14 9.52 15.25 15.57 1.12

P*Trt ** ** ** ** ** ** ** **
fro
Trt, treatment; +, intercropped with; Phy, phytate; Moist, moisture; Prot, protein; Tan, tannin; Tryp, tryptophan and Carb, carbohydrate; M1, TZM 188; M2, TZM 1310; LSD,Least significant
difference; CV, Coefficient of variation; P*Trt, statistical significance of treatment (P ≤ 0.05). Means with different levels of alphabets are statistically unalike across the columns. **, highly
significant different.
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Tpt51 gave a higher protein content in the legume. Equally,

intercropping reduced the tryptophan content in AYB accession

TSs68, while WB accession Tpt12 had an increased tryptophan

when solely cropped compared to when intercropped.

Intercropping with M2 increased the carbohydrate content in WB

accessions Tpt51 and 15-4, while intercropping with M1 increased

the carbohydrate content in WB accession Tpt12 and AYB

accession TSs30 (Table 1 and 2).
3.2 Anti-nutrient content in intercropped
and monocropped AYB and WB

The phytate content in the seeds ranged between 3.44-4.68% in

AYB and 3.37-6.56% in WB (monocrop situation) and 3.74-5.92%

(AYB) (Table 1) and 3.74-8.07% (WB) (Table 2) under

intercropping condition (P ≤ 0.05). The tannin contents in the

seeds ranged between 0.05-2.0% in AYB and 0.12- 0.43% in WB

(monocrop situation) and 0.10-0.32% (AYB) and 0.10-0.52% (WB)

under intercropping condition. Intercropping with both maize

accessions increased the phytate content in AYB accession TSs4

andWB accession 15-4, Tpt12, and Tpt32, while intercropping with

M2 increased the phytate content of AYB accession TSs30 and WB

accession Tpt51. Intercropping with both maize accessions reduce
Frontiers in Soil Science 05
the tannin content in WB accession Tpt12. On the other hand,

intercropping with both accessions of maize increased the tannin

contents of AYB accessions TSs4, TSs101, and WB accessions 15-4,

and Tpt32, while intercropping with both maize accessions reduced

the tannin content in WB accession Tpt53. Intercropping with M2

increased the tannin content in WB accession Tpt51.
3.3 Nutrient contents of maize planted
with urea fertilizer and intercropped maize

The tryptophan content in the maize grains on the AYB plots

ranged between 0.03-0.05% in the monocropped grains and 0.05-

3.93% in the intercropped grains (Table 3). The carbohydrate

content in the maize grains on the AYB treatment ranged

between 74.79-77.75% in the monocropped grains and 73.45-

75.86% in the intercropped grains. The ash content in the maize

grains on the AYB treatment ranged between 1.68-1.85% in the

monocropped grains and 1.28-3.10% in the intercropped grains.

The moisture content in the maize grains on the AYB treatment

ranged between 8.05-8.98% in the monocropped grains and 7.16-

8.18% in the intercropped grains. The fat content in the maize

grains on the AYB treatment ranged between 2.77-3.75% in the

monocropped grains and 4.02-5.96% in the intercropped grains.
TABLE 2 Effect of intercropping on the nutritional and anti-nutritional contents of WB.

Trt Phy (%) Ash (%) Moist (%) Prot (%) Fat (%) Tan (%) Tryp (%) Carb (%)

Sole TPt53 4.45 4.24 9.39 35.14 14.27 0.42 0.61 36.96

Sole TPt32 3.37 4.09 9.43 34.41 15.42 0.12 0.55 36.65

Sole TPt 51 6.56 4.14 10.66 33.53 14.82 0.33 0.56 36.85

Sole TPt12 3.47 4.12 9.26 36.20 13.31 0.43 0.82 37.11

Sole 15-4 3.49 4.36 9.24 36.3 14.85 0.28 0.82 35.18

TPt53+M1 4.79 4.04 9.23 37.64 15.02 0.40 0.79 34.08

TPt32+M1 3.74 4.28 9.01 35.04 15.59 0.50 0.79 36.08

TPt51+M1 4.68 4.00 9.75 35.77 12.58 0.31 0.79 37.90

TPt12+M1 4.73 4.26 9.10 33.32 13.99 0.37 0.54 39.34

15-4+M1 8.07 4.05 9.14 33.63 17.01 0.38 0.79 36.19

TPt53+ M2 4.52 3.76 9.14 34.68 16.13 0.29 0.56 36.29

TPt32+M2 4.86 4.06 9.34 35.45 16.36 0.26 0.58 34.79

TPt51+M2 7.76 3.95 9.54 34.71 8.44 0.41 0.68 43.37

TPt12+M2 5.93 3.96 8.95 35.41 14.82 0.10 0.57 36.87

15-4+M2 6.26 4.33 9.10 37.91 8.75 0.52 0.87 39.92

G. MEAN 5.11 4.11 9.35 35.28 14.09 0.34 0.69 37.17

LSD 0.14 0.25 0.58 1.05 0.54 0.02 0.05 1.23

CV 1.24 2.83 2.91 1.39 1.80 2.83 3.53 1.54

P*Trt ** ** ** ** ** ** ** **
fro
Trt, treatment; + , intercropped with; Phy , phytate; Moist , moisture; Prot , protein; Tan , tannin; Tryp , tryptophan and Carb , carbohydrate; M1 , TZM 188; M2 , TZM 1310; LSD, Least
significant difference; CV, Coefficient of variation; P*Trt , statistical significance of treatment (P ≤ 0.05). Means with different levels of alphabets are statistically unalike across the columns. **,
highly significant different.
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The protein content in the maize grains on the AYB treatment

ranged between 9.75-10.64% in the monocropped grains and 10.30-

12.11% in the intercropped grains (P ≤ 0.05).

On the AYB plots, the moisture content in both maize

accessions were significantly higher when urea fertilizer was

applied, which is directly opposite the result that was observed on

the winged bean plots. The grains obtained when M1 was

intercropped with AYB accessions TSs101 and TSs68 might not

have a long shelf life compared to their sole counterparts because

they had higher moisture content which could enhance microbial

proliferation. The moisture content of the maize reduced when M2

was intercropped with AYB accessions TSs101, TSs4, TSs68 and

TSs30. These are preferable to the formerly mentioned grains

because they are less prone to microbial proliferation and

spoilage; this consequently would increase their shelf life.

Moisture content increased when M2 was intercropped with

Tpt53. The protein content in both maize accessions when urea

fertilizer was applied increased; this is due to the increase in the

availability of nitrogen in the soil.

The tryptophan content in the maize seeds on the WB

treatment ranged between 0.06-0.07% in the monocropped grains

and 0.05-0.08% in the intercropped grains (Table 4). The

carbohydrate content in the maize seeds on the WB treatment

ranged between 72.46-73.96% in the monocropped grains and

66.35-75.31% in the intercropped grains (P ≤ 0.05). The ash
Frontiers in Soil Science 06
content in the maize seeds on the WB treatment ranged between

1.37-1.50% in the monocropped grains and 1.30-1.58% in the

intercropped grains.

The moisture content in the maize seeds on the WB treatment

ranged between 10.58-11.82% in the monocropped grains and 9.58-

13.79% in the intercropped grains. The fat content in the maize

seeds on the WB treatment ranged between 2.76-3.77% in the

monocropped grains and 3.56-7.76% in the intercropped grains.

The protein content in the maize seeds on the WB treatment ranged

between 10.58- 11.52% in the monocropped grains and 9.09-12.84%

in the intercropped grains (P ≤ 0.05).

On the WB plots, the protein content in M1 reduced when

intercropped with Tpt12, Tpt32, and Tpt51, the fat content in M1

increased when urea fertilizer was applied but was not different

between M2 in the sole and urea treatments. No reduction in the fat

content of maize was observed when intercropped with all AYB and

WB accessions; hence, intercropping had no detrimental effect on

the fat content of maize (Table 3 and 4). The fat content in both

maize accessions increased when intercropped with all AYB

accessions. On the AYB plots, the tryptophan content in M1 and

M2 were not affected by urea application and intercropping, except

when M1 was intercropped with TSs101, where an increase in the

tryptophan content was observed. On the WB experiment, M1 had

an increased tryptophan when intercropped with Tpt32 and a

reduced tryptophan content when intercropped with Tpt51 and
TABLE 3 Effect of intercropping AYB and urea fertilizer on the nutritional and anti-nutritional contents of maize.

Trt Phy (%) Ash (%) Moist (%) Prot (%) Fat (%) Tan (%) Tryp (%) Carb (%)

Sole M1 7.13 1.68 8.05 9.75 2.77 0.13 0.05 77.75

Sole M2 6.31 1.85 8.98 10.64 3.75 0.15 0.02 74.79

TSs101+M1 6.55 1.55 8.18 10.87 4.59 0.09 3.93 74.80

TSs68+M1 7.05 2.23 8.11 12.11 4.02 0.09 0.06 73.54

TSs30+M1 6.73 2.33 8.09 10.54 4.76 0.07 0.05 74.28

TSs77+M1 6.70 1.28 8.06 11.78 4.52 0.07 0.06 74.36

TSs4+M1 4.54 1.54 7.16 10.30 5.96 0.09 0.06 75.05

TSs101+M2 6.74 1.77 7.96 10.97 4.59 0.09 0.09 74.72

TSs68+M2 6.04 2.11 7.55 10.96 4.34 0.11 0.06 75.04

TSs30+M2 8.53 2.19 7.49 12.11 4.34 0.09 0.06 73.87

TSs77+ M2 6.56 3.10 7.18 11.06 4.60 0.09 0.06 74.07

TSs4+M2 6.30 1.53 7.78 10.65 4.17 0.09 0.06 75.86

M1+Urea 7.38 1.52 9.93 11.39 4.32 0.08 0.04 72.84

M2+Urea 6.69 1.73 8.15 11.33 4.75 0.08 0.05 74.04

G.MEAN 6.70 1.70 8.17 11.37 4.81 0.07 -0.67 73.95

LSD 6.70 1.68 8.19 11.42 4.86 0.07 -0.80 73.86

CV 6.71 1.65 8.20 11.46 4.92 0.07 -0.93 73.76

P*Trt ** ** ** ** ** ** ns **
fro
Trt, Treatment; +, intercropped with; U, Urea; Phy, phytate; Moist, moisture; Prot, Protein; Tan=Tannin; M1, TZM 188; M2, TZM 1310; G , Grand; Tryp, Tryptophan and Carb, Carbohydrate;
LSD, Least significant difference; CV, Coefficient of variation; ns, not significant; P*Trt , statistical significance of treatment (P ≤ 0.05). Means with different levels of alphabets are statistically
unalike across the columns. **, highly significant different.
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15-4, while M2 had a reduced tryptophan content when

intercropped with Tpt51. On the WB plots, there was an increase

in the carbohydrate content in M1 when intercropped with Tpt51

and there was a reduction in the carbohydrate content of M1 when

intercropped with Tpt53 and 15-4. Equally, a reduction in the

carbohydrate content was observed in M2 when it was intercropped

with Tpt51, Tpt53, and Tpt32 (Table 4).
3.4 Anti-nutrients content of maize with
urea fertilizer and intercropped maize

The phytate content in the maize grains on the AYB plots

ranged between 6.31-7.13% in the monocropped grains and 4.54-

8.53% in the intercropped grains (P ≤ 0.05). The tannin content in

the maize grains on the AYB plots ranged between 0.13-0.15% in

the monocropped grains and 0.07-0.11% in the intercropped grains.

The tannin content in the maize seeds on the WB plot ranged

between 0.11-1.19% in the monocropped grains and 0.07-0.20% in

the intercropped grains. The phytate content in the maize seeds on

the WB plots ranged between 3.90-4.77% in the monocropped

grains and 3.24-6.57% in the intercropped grains. On the winged

bean plots, the phytate content in sole M1 was higher than what was

observed when urea fertilizer was applied, while the exact opposite

was observed in M2. Furthermore, intercropping all AYB accessions

with M1 and M2 reduced the tannin content in both accessions of
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maize. InWB, the tannin content in M2 reduced when intercropped

with all WB accessions except in Tpt12. A reduction in tannin

content was also observed when M1 was intercropped with Tpt51.

However, when M1 was intercropped with WB accessions Tpt12

and Tpt32, the tannin content in the maize grains increased.
4 Discussions

Intercropping with M1 increased the phytate content in AYB

accessions TSs101 and TSs77 as well as WB accession Tpt53, this

implies that intercropping led to increased phytate content in some

accessions and may result in the unavailability of some

micronutrient, through chelation (27). The increase could be as a

result of the beneath ground plant-plant interaction between the

legumes and the maize (28). The range of the phytate content

observed in the sole and intercropped treatments falls within the

range (3.37-8.07%) which is similar to the values reported by

Adegboyega et al. (8). Our result is different from the reports of

Ajibola and Olapade (6), who reported a much lower value of

phytate content in African yam bean seeds. Intercropping with both

maize accessions reduced the ash content of AYB accession TSs4,

intercropping with M1 reduced the ash content of AYB accession

TSs101 and WB accession 15-4, while intercropping with M2

reduced the ash content in WB accessions Tpt51 and Tpt53; this

could be because these accessions are less competitive in taking up
TABLE 4 Effect of intercropping WB and urea fertilizer on the nutritional and anti-nutritional contents of maize.

Trt Phy (%) Ash (%) Moist (%) Prot (%) Fat (%) Tan (%) Tryp (%) Carb (%)

Sole M1 4.77 1.50 10.58 11.22 2.76 0.11 0.06 73.93

Sole M2 3.90 1.37 11.82 10.57 3.77 0.19 0.07 72.46

TPt12+M1 4.10 1.53 11.17 10.90 3.57 0.18 0.06 72.83

TPt32+M1 5.38 1.53 10.35 9.89 4.67 0.16 0.08 73.57

TPt51+M1 6.05 1.55 10.48 9.09 3.56 0.09 0.05 75.31

TPt53+M1 3.24 1.35 10.44 12.41 4.45 0.12 0.07 71.36

15-4+M1 4.49 1.44 10.64 11.58 4.15 0.12 0.06 72.19

TPt12+M2 5.32 1.57 9.58 12.84 4.16 0.20 0.07 71.85

TPt32+M2 3.91 1.42 10.37 11.86 5.39 0.08 0.06 70.96

TPt51+M2 3.56 1.58 10.86 11.08 7.76 0.13 0.05 68.72

TPt53+M2 3.56 1.46 13.79 11.87 6.53 0.07 0.07 66.35

15-4 +M2 6.57 1.30 10.13 12.05 4.34 0.13 0.07 72.18

M1+Urea 3.98 1.28 9.58 11.29 3.82 0.17 0.06 74.03

M2+Urea 5.61 1.45 10.80 11.14 3.76 0.17 0.06 72.85

G. MEAN 4.60 1.45 10.76 11.27 4.48 0.14 0.06 72.04

LSD 0.17 0.23 0.93 0.28 0.45 0.01 0.01 1.25

CV 1.68 7.28 3.99 1.15 4.63 4.57 3.97 0.80

P*Trt ** Ns ** ** ** ** ** **
fro
Trt, Treatment; + , intercropped with; U, urea; Phy, phytate; Moist, moisture; Prot, protein; Tan, tannin; M1, TZM 188; M2, TZM 1310; G , Grand; Tryp, Tryptophan and Carb,
Carbohydrate; LSD, Least significant difference; CV, Coefficient of variation; ns, not significant; P*Trt , statistical significance of treatment (P ≤ 0.05). Means with different levels of alphabets are
statistically unalike across the columns. **, highly significant different.
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minerals in an intercropping situation. This report is contrary to the

reports of Iqbal et al. (2), who reported an increase in ash content

during intercrop. The reduction in the ash content observed also

could be because of the high phytate contents in these accessions,

thereby leading to a reduction in the availability of the minerals

since minerals are directly related to ash content (29).

TSs30 had a higher ash content when intercropped with M2,

this result aligns closely with the result of Ajpas (30), who revealed

that the ash content was higher in legumes when the planting ratio

was 50:50, compared to the sole cropping. The ash content observed

in all treatments of AYB and WB was less than five, which is lower

than what was reported in the finding of Oner and Aykutlu (31). A

reduction in the ash content could lead to a reduction in the

nutrient value of the seeds. The moisture contents in AYB

accessions TSs68 and WB accessions 15-4, Tpt12, Tpt32 and

Tpt53 were not different when intercropped with both maize

accessions, this aligns with the study of Ajpas (30). High moisture

content could reduce the shelf life of seeds after harvest.

Consequently, seeds after harvest must be properly handled (30),

processed or stored to reduce food spoilage. Moisture content

observed from all the WB seeds were within the stipulated

standard of 10% which is recommended for a long shelf life of

seeds (32), all seeds had a moisture content less than 10 except for

the sole WB accession Tpt51 whose value was slightly higher

(10.66%). The moisture content observed in AYB seeds were

higher than those found in the WB and was above the

recommended value stipulated by Olalekan and Bosede (32)

except for accession TSs30 when intercropped with M2, which

was lower (8.89%). The moisture contents which were found from

the AYB seeds in our study were lower than that observed by

Ajibola and Olapade (6), who reported a moisture content of 12.30

– 14.95%. Our results from both AYB andWB are different from the

result of Adegboyega et al. (8) and (9), who observed lower moisture

contents in WB seeds. Our finding further indicates that WB

accession Tpt51 planted solely might not be able to withstand a

longer shelf life due to its high moisture content. In contrast, AYB

accession TSs30 intercropped with M1 might be have a longer shelf-

life compared to other seeds. Intercropping with M1 reduced the

protein content of WB accession Tpt12. This is lower than that

observed in soybean (42.92 - 45.38%) (31). High protein in food

depicts high nitrogen in the soil, which is incorporated into the

plant tissue (33).

The protein content in WB was higher (above 30) than that

observed in AYB; only TSs30 had a protein content higher than 30.

This result is similar to the research of Adegboyega et al. (8), who

observed protein contents with lowest value of 28.43 and highest

value of 31.13%. The lower protein content found in AYB could be a

result of the environment, weather, morphology and genetic

makeup of the plant or other conditions that affect nitrogen

availability and nutrient uptake. It could also be as a result of

reduced nitrogen fixed; this aligns with the findings of Zorb et al.

(34) who stated that when nitrogen availability is limited, it leads to

a reduced amino acid synthesis and consequently a reduced protein

content (34). WB had a remarkable higher fat content compared to

AYB. The fat content in the monocropped seeds ranged between

1.43-5.18% in AYB, and 13.31-15.42% in WB and 1.19- 4.56% and
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8.44-17.00% in intercropped AYB and WB, respectively, Ajibola

and Olapade (6) recorded a range of 1.86-2.03% which is low

compared to the range observed in our study. Intercropping

reduced the fat content in WB accession Tpt51. Intercropping

with M1 reduced the fat content in AYB accession TSs4 and

intercropping with M2 reduced the fat content in AYB accession

TSs77, our result is different from the work of Adegboyega et al. (8),

whose result ranged from 13.87-19.01%; this is in the exception of

Tpt51 and 15-4 when intercropped with M2. The fat content in

AYB accession TSs101 and WB accessions Tpt12 and Tpt53 were

higher when intercropped with both maize accessions; this result is

similar to the findings of Biszczak et al. (35), who also observed an

increased fat content in a legume-based intercrop. Intercropping

with M2 increased the fat content of TSs4 and TSs30, intercropping

with M1 increased the fat content in WB accession 15-4, this result

is similar to the findings of Liu et al. (36), who also observed an

increased fat content in intercropped soybean. These researchers

claimed that their result was so as a result of the spatial

photosynthetic activity radiance (PAR) which increased with

reduced treatment. The increased fat content observed in these

accessions could be because there was a little or no shading effects

on them. The tannin contents in the monocropped seeds ranged

between 0.05-0.15% in AYB, and 0.12-0.43% in WB and 0.10-0.33%

and 0.10-0.52% in intercropped AYB and WB respectively, these

values are higher than the values (0.0023-0.0026%) reported by

Ajibola and Olapade (6).

All tannin contents recorded in this study was lower than that

observed by Adegboyega et al. (8), who reported a tannin content

value of 1.36-3.43% in winged bean. Intercropping with both maize

accession increased the tryptophan content in WB accession Tpt51,

while intercropping with M1 increased the tryptophan in AYB

accession TSs77 and WB accessions Tpt 32, and Tpt53 (Table 1 and

2). Comai et al. (37) recorded a tryptophan of between 2.24 and

58.2% which is above the values obtained in this study. The

difference in the carbohydrate content when AYB and WB

accessions were monocropped and intercropped were not

significant (Table 1 and 2), Ajibola and Olapade (6) reported

values ranging between 59.29-59.79% which falls within the value

observed in some accessions in this study. Intercropping with both

maize accessions increased the carbohydrate content in AYB

accessions TSs101 and TSs4, this is similar to the result obtained

by Arshad et al. (38), who also recorded an increase in carbohydrate

content when sorghum and legumes were intercropped. Generally,

the carbohydrate value recorded in this study were higher than that

recorded by Amoo et al. (7). Adegboyega et al. (8) reported the

presence of carbohydrates in the range of 34.53 and 39.76% in AYB

and WB. Intercropping with M2 did not favour AYB accessions

TSs30, TSs77, and WB accessions Tpt32, and Tpt53 as it reduced

the carbohydrate content, this result is similar to that of Myo et al.

(39) who also observed a reduced carbohydrate in intercropped

soybean owing to an increased shading effect.

For the maize, intercropping with TSs30 increased the phytate

content (40), this implies that the maize produced in this treatment

will contain less mineral content and have a lesser nutritional value.

A significantly higher phytate content was observed in M1 when it

was intercropped with Tpt32, Tpt51 and in M2 when it was
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intercropped with Tpt12 and 15-4, this could pose a challenge to the

nutritional utilization of maize (41). A lower phytate content was

observed in M1 when it was intercropped with Tpt12, Tpt53 and

15-4 and in M2 when it was intercropped with Tpt53 and Tpt51,

this could be due to the farming practiced adopted (27). Though

urea fertilizer application has been reported to improve the yield of

maize Hu et al. (42), a reduction in the ash content observed in both

maize accessions when urea fertilizer was applied could prove that

urea fertilizer might not be efficient to enhance food security when

viewed from the nutritional aspect. The ash content increased when

M1 was intercropped with TSs30 and TSs68, and when M2 was

intercropped with TSs77, this result is different from the report of

Walters et al. (43), who reported that intercropping did not bring

about a substantial difference in the mineral contents of

intercropped species. The ash content of the maize reduced when

M1 was intercropped with TSs101, TSs4 andTSs77, and when M2

was intercropped with TSs4, this aligns closely with the report of

Nwadike and Saliu (44), who also observed a reduced ash content

during intercropping. Ash depicts the mineral content and shows

that the maize intercropped with these accessions were able to take

up more nutrient from the soil compared with those in sole

cropping, these legume accessions were capable of reducing the

mineral components of maize, probably due to competition for

nutrient in the soil. On the WB plot, intercropping and urea

fertilizer application did not affect the ash content of both maize

accessions. The effect of intercropping on the ash content of maize

grains was accession dependent.

The moisture content of maize increased significantly when M1

was intercropped with TSs101 (8.13%) and TSs68 (8.11%), these

values were lower than what was reported by Weinberg et al. (45)

who observed a moisture content of 14 - 22% in harvested maize

grains and further explained that maize grains within this range are

capable of having a long shelf life due to their protection against

microbial damage. Moisture content reduced when M2 was

intercropped with Tpt12, Tpt51 and 15-4, this result is contrary

to the result of Moussa et al. (46), who reported an increase in the

moisture content of vegetables when urea fertilizer was applied. The

protein content in M1 increased when intercropped with all AYB

accessions and increased in M2 when it was intercropped with

TSs30 and TSs77, this result aligns closely with the reports of Iqbal

et al. (2), who also reported an increase in protein content during

sorghum-legume intercropping. The protein content increased in

M1 when intercropped with WB accessions Tpt53 and 15-4 and in

M2 when intercropped with all WB accessions, this is similar to the

reports of Gallo et al. (47), who also observed an increase in protein

content when maize was intercropped with pigeon pea.

On the WB plot, fat content increased in M1 when intercropped

with all WB accessions and increased in M2 only when

intercropped with Tpt32, Tpt51, and 15-4, this implies that the

maize was able to absorb more fat when intercropped with these

WB accessions; the increase could be linked to underground plant-

plant interactions that occurred during intercropping (48). When

urea fertilizer was applied, the tannin content was reduced in M1

and increased in M2, this variability could be associated with the

plant genetic composition. This result is different from the result of

Hashim et al. (49) who observed no significant differences in sole
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maize and maize planted with chemical and bio-fertilizers. The

tannin contents found in sole maize in the research carried out by

Hashim et al. (49) was between 0.07 and 0.11; these values are close

to the values observed in this study.

Some of the values obtained in this research (Table 3 and 4) are

similar to those found in the study by Sarika et al. (50), who

reported a tryptophan content in maize ranging between 0.027 –

0.117%. On the AYB experiment, intercropping and urea reduced

the carbohydrate content in M1; this could be because the legumes

and M1 competed for the soil carbon and also because the urea

made nitrogen to be more available and made no changes to the

urea content of the soil. The application of urea could lead to a

reduction in total soluble sugars (carbohydrate) in grains (51–54).

This is because sugars are needed in all energy-producing reactions

(54). Intercropping with TSs4 increased the carbohydrate content in

M2. Htet et al. (55) gave a report similar to this, where they also

observed an increase in carbohydrate content of sole maize

compared to their intercropped counterparts.
5 Conclusions

Intercropping has been reported to be a way of ensuring food

security over the years as it helps to increase the overall productivity

over a piece of land. From the results of this study, intercropping

had both positive and negative effects on the nutrient and

antinutrient parameters of the maize and legumes and these

effects are accession dependent. For instance, positive effects such

as an increase in the fat, ash, protein, carbohydrate, tryptophan, and

a reduction in the phytate, moisture, tannin contents in some AYB,

maize and WB accessions were observed. On the other hand, some

negative effects were also linked to intercropping which include an

increased phytate and moisture contents as well as a reduced fat,

protein and carbohydrate content. Of all the legumes, AYB

accession TSs30 responded better to intercropping by having a

better nutritional value. This accession had an increased ash,

protein, fat and carbohydrate contents as well as a reduced

moisture content; hence, it should be further explored to ensure

that the potentials embedded in it is maximally tapped into, in order

enhance food security.
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