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GenotypeÂenvironment influence on cowpea
(Vigna unguiculata (L) Walp) antinutritional
factors: 1 – Trypsin inhibitors, tannins, phytic
acid and haemagglutinin
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Abstract : The relative inýuence of genotype, environment and genotype Â environment eþ ects on

four antinutritional factors (g kg—1) of importance in cowpea were studied using 15 local and

improved cowpea genotypes grown in 12 environments, comprising three locations over four seasons

per location. The locations Ago-Iwoye (6Ä58ºN4Ä00ºE), Mokwa (9Ä17ºN5Ä04E) and Kano (12Ä00ºN8Ä31ºE)

were representatives of the major agroecological zones where cowpeas are produced. Genotypes

eþ ects were strongest in controlling trypsin inhibitor content, while the environment was the major

source of variation for tannins, haemagglutinin and phytic acid contents. Thus, the variability in the

levels of these antinutritional factors in cowpea seeds depends largely on the environment where they

are grown. This implies that a cowpea genotype grown and consumed safely in an environment can be

poisonous when grown and consumed in another environment. Genotype Â environment eþ ects were

signiücant for tannins, haemagglutinins and trypsin inhibitor contents. Correlation coefficients

(pooled data) from the three locations indicated that trypsin inhibitor was positively correlated to

phytic acid (r = 0.59, 0.001 Æ P Æ 0.05) and haemagglutinins (r = 0.64, 0.001 Æ P Æ 0.05) but negatively

correlated to tannin contents (r = Ô 0.79, 0.001 Æ P Æ 0.05).
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INTRODUCTION

Cowpea (Vigna unguiculata (L) Walp) is extensively
produced and consumed in tropical Africa as a major
source of protein. It has the potentials to improve the
protein quality of carbohydrate-based diets and is
now being successfully used in child-feeding pro-
grammes.

However, cowpea contains certain antinutritional
factors such as trypsin inhibitors, saponins, tannins,
phytic acids and haemagglutinins.1,2 Their presence
in diets (both human and animal) has been associated
with pancreatic enlargement, reduced digestibility,
reduced absorption of amino acids and reduced bio-
availability of essential minerals.3h5

Although cowpea seeds are usually heated before
being consumed and heating has been reported to
reduce the levels of antinutritional factors,4,6 anti-
nutritional factors vary in their thermal stability and
the extent to which they are destroyed by heat, in
vivo, is a function of several variables such as culti-
var, particle size and moisture content.7 Further-
more, the excessive amount of heating required to
destroy the antinutritional factors can also lead to a
decline in the overall biological value of the food due

to the functional as well as nutritional damage to the
protein. Some antinutritional factors such as phytic
acid have been shown not to be heat labile.8 On the
other hand, the breeding of varieties or strains of
cowpea with low levels of one or more of the anti-
nutritional factors oþers a more satisfactory long-
term solution to this problem.9

Most breeding programmes of cowpea are aimed
at either increasing yields or improving resistance to
diseases and pests10 and are not accompanied by
nutritional evaluation of the improved varieties
before their release to the farmers, even when
reports11h13 had indicated that breeding for pest and
disease resistance inadvertently increases the content
of antinutritional factors in cowpea seeds.

The nutritional signiücance of cowpea in human
and animal diets suggests the needs for a genetic
improvement programme to reduce the concentra-
tion of these antinutritional factors in cowpea seeds.
However, information on the variability of these
antinutritional factors in diþerent varieties, advanced
breeding lines and improved cultivars and the inýu-
ence of environments on these traits is necessary for
any eþective improvement programme. Variability
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among cowpea cultivars have been reported for
tannins,7 haemagglutinins, cathechin, polyphenol2
and phytic acid,14 but there is no information on the
inýuence of genetic and environmental eþects on
these antinutritional factors in cowpea seeds. The
purpose of this study was to determine the relative
inýuence of genetic, environment and genetic ]
environment interactions on antinutritional factors in
cowpea seeds.

MATERIALS AND METHODS

Genetic material and experimental design

Fifteen cowpea cultivars were tested over four
seasons in each of the three locations. The entries
include advanced breeding lines and commonly
grown local and improved cultivars obtained from
three institutions involved in cowpea research in
Nigeria (see Table 4 below). These genotypes were
grown at the Ogun State University Research Farm,
Ago-Iwoye (Cu \ 3.2–4.8mg kg~1 ; Zn \ 2.4–
5.1mg kg~1 ; Mn \ 15.0–18.0mg kg~1 ; Fe \ 3.9–
9.6mg kg~1) and experimental stations at Mokwa
(Cu \ 0.2–1.6mg kg~1 ; Zn \ 1.2–1.8mg kg~1 ;
Mn \ 25.0–30.0mg kg~1 ; Fe \ 1.3–5.1mg kg~1)
and Kano (Cu \ 0.2–1.5mg kg~1 ; Zn \ 0.8–
1.2mg kg~1 ; Mn \ 28.0–39.0mg kg~1 ; Fe \ 1.2–
3.4mg kg~1) in the early and late planting seasons of
1993 and 1994 resulting in 12 environments (Table

1). The genotypes were evaluated in the üeld in a
completely randomised block design with four repli-
cates. The treatment plot consisted of four rows,
each 6m long and 0.75m apart. Two seeds of cowpea
were planted per hole with an inter-row spacing of
0.30m. The gross plot size was 18m2 per treatment.
The application of a mixture of Benomyl (Benlate)
and Mancozeb (Dithane M45), at the product rate of
0.6kg ] 2.5kg ha~1 three times at weekly intervals
commencing from 4 weeks after planting was used to
control fungal diseases. Cypermethrin (Cymbush)
and Dimethoate (Perferkthion) were each applied
fortnightly at the rate of 0.75 litre ha~1 as tank
mixture beginning 6 weeks after sowing until harvest
to control various categories of insect pests. The
average annual rainfall in Ago-Iwoye, Mokwa and
Kano were 1308, 1122 and 968mm, respectively.
The plots were irrigated at the three locations as
requested. Seeds were collected from plants in the
centre two rows of each genotype for subsequent
analysis.

Sample preparation

From the bulk of each sample, 20g subsamples of
seeds were ground to pass through 1mm mesh on a
Microhammer mill to give a üne ýour. All milled
samples were kept in screw-capped plastic bottles at
room temperatures until used. All analysis were
carried out in triplicate and are reported on a dry
matter basis.

Table 1. Edaphic characteris tics of the 12 environments

Trial s ite Seas on pH Organic Organic Clay N K Mg Ca Available

and year (H
2
O) carbon matter (%) (%) (meq kgÉ1) (meq kgÉ1) (meq kgÉ1) P (ppm)

(%) (%)

Kano

1993 Wet 4.81 0.12 0.35 10.24 0.32 1.01 3.23 7.81 7.83

Dry 5.05 0.15 0.42 12.3 0.31 1.01 3.38 7.99 6.85

Mean 4.93 0.14 0.39 11.27 0.32 1.01 3.31 7.9 7.34

1994 Wet 5.23 0.13 0.38 15.76 0.29 1.08 2.44 7.88 6.08

Dry 5.38 0.13 0.33 10.82 0.33 1.01 3.54 7.96 5.21

Mean 5.31 0.13 0.36 13.29 0.31 1.05 2.99 7.92 5.65

Mokwa

1993 Wet 5.26 0.95 0.98 4.08 0.68 1.66 3.02 6.53 7.19

Dry 5.71 0.96 0.73 4.89 0.93 1.28 4.06 6.74 5.68

Mean 5.49 0.96 0.86 4.49 0.81 1.47 3.54 6.64 6.44

1994 Wet 5.98 0.97 0.87 6.06 0.71 1.43 2.41 6.82 6.03

Dry 6.11 0.97 0.63 5.66 0.86 0.84 3.89 7.15 5.12

Mean 6.05 0.97 0.75 5.86 0.79 1.14 3.2 6.99 5.58

Ago-Iwoye

1993 Wet 6.05 1.06 2.88 17.01 0.18 0.72 33.26 13.52 10.39

Dry 6.31 1.52 2.01 24.23 0.09 0.41 34.08 14.06 9.01

Mean 6.18 1.29 2.45 20.62 0.14 0.57 33.67 13.79 9.7

1994 Wet 6.21 0.98 2.71 20.02 0.16 0.81 34.18 13.85 7.24

Dry 6.37 1.43 1.81 22.05 0.1 0.43 34.97 14.04 6.01

Mean 6.29 1.21 2.26 21.04 0.13 0.62 34.58 13.95 6.63
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Location and Seas on Tryps in Tannins Phytic acid Haemagglutinins

year inhibitor

Kano

1993 Wet 38.32^ 2.51 5.63 20.78 14.78

0.98 2.11 1.35

Dry 29.08^ 2.06 6.28 21.06 15.31

1.05 1.97 1.31

1994 Wet 32.31^ 2.09 6.07 22.96 15.65

0.98 2.14 1.03

Dry 24.67^ 2.01 8.06 20.85 15.82

1.01 3.01 1.19

Mokwa

1993 Wet 29.85^ 3.15 5.81 25.99 6.48

0.97 1.89 0.85

Dry 25.33^ 2.07 6.08 25.08 6.51

1.02 2.17 0.68

1994 Wet 31.88^ 2.63 6.11 26.01 7.23

1.02 1.94 0.77

Dry 26.42^ 1.89 7.38 25.92 6.87

1.21 2.11 0.52

Ago-Iwoye

1993 Wet 20.96^ 3.14 6.09 18.06 10.24

1.02 2.36 0.99

Dry 20.08^ 2.11 8.24 17.98 9.63

1.11 2.13 1.01

1994 Wet 22.61^ 1.97 6.31 17.23 8.89

0.99 2.21 0.67

Dry 19.08^ 2.06 8.18 17.88 11.06

1.14 2.11 1.03

Table 2. Means (^SD) of
antinutritional factors

(g kgÉ1) in s eeds of cowpea in

1993 and 1994

Trypsin inhibitor

A procedure described previously15 was used to pre-
pared trypsin inhibitor (TI) extracts using samples
of 2.0g of cowpea ýour. TI activity was evaluated in
terms of the extent to which a portion of the aliquots
of cowpea ýour extracts inhibited the enzymatic
activity of trypsin on the synthetic substrate DL-
benzoyl arginine-p-nitroanilide (Sigma Chemical Co
Ltd).16

Tannins

Tannin contents were determined by extraction in
10ml (0.01M) acidiüed (HCl) methanol by a method
described previously.7 It was measured by a vanillin–
HCl method.17 Vanillin–HCl reagent was prepared
by the method described in Ref 7. A votex mixer
model S8223-1 (McGraw Park, II, USA), adjusted
to position 6, mixed 1ml extract supernatant with
5ml 2% vanillin–HCl reagent for 30min. After
standing for 20min, a Hitachi Spectrophotometer
model 100-60 (Tokyo, Japan) measured absorbance
at 500nm.

Phytic acid

Phytic acid was determined by a combination of two
methods. The extraction and precipitation of phytic
acid were performed according to the method of Ref
18. Iron in the precipitate was measured by the

method described in Ref 19. A 4 : 6 Fe/P atomic
ratio was used to calculate the phytic acid content.

Haemagglutinin activity

Phytohaemagglutinin were extracted by the methods
of Ref 20 with slight modiücations. Haemagglutinin
activity was determined by the photometric tech-
nique of Liener21 as modiüed by Valdebouze et al15
which measured the ability of haemagglutinin
extracts to agglutinate rabbit erythrocytes. One
haemagglutinin unit is deüned as the smallest
amount of sample necessary for agglutination under
test condition..

Moisture level

Moisture measurements were determined on fresh
and dried cowpea seeds by the AOAC vacuum oven
procedure.22

Statistical analysis

The following formula was used to calculate the
coefficient of variation of the data:23

V \ S ] 100

Y

where S is standard deviation and Y is the mean.
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Genotype Origin a Tryps in Tannins Phytic acid Haemagglutinins

inhibitor

Sel 4992 UI 27.28 5.65 16.05 7.86

Sel 4592 UI 29.63 7.21 24.06 15.31

Oolo-2 UI 32.03 6.38 22.48 5.63

TVx 3236 IITA 38.49 6.05 20.06 12.08

Ife Bimpe IAR&T 38.62 6.22 22.01 4.63

Vita-3 IITA 32.54 8.74 23.06 16.08

IT81D – 994 IITA 39.63 6.01 17.61 11.61

Sel 2629 UI 26.59 8.06 19.91 14.23

IT86D-534 IITA 36.08 7.48 19.82 17.68

Ife Brown IAR&T 30.82 7.23 25.07 9.21

Vita-5 IITA 26.82 5.63 16.36 10.08

Sel 3592 UI 27.08 5.82 23.42 7.29

Sel 5592 UI 29.73 5.78 21.38 6.98

Sel 2492 UI 45.63 6.96 24.21 13.17

Oolo-1 UI 36.48 5.61 20.61 5.28

a IAR&T, Ins titute of Agricultural Res earch and Training, Ibadan, Nigeria ; IITA, International Ins ti-

tute of Tropical Agriculture, Ibadan, Nigeria ; UI, Univers ity of Ibadan, Ibadan Nigeria.

Table 3. Summary of genotype

antinutritional factor s

contents (g kgÉ1 DM) in cowpea

s eeds grown in three locations

in 1993 and 1994

Combined analysis of variance (ANOVA) was
carried out for each trait, with partitioning of the
environment into location, season and location ] sea-
son eþects and the genotype ] environment (g ] e)
component into genotype ] location, geno-
type ] season and genotype ] location ] season.
The following formula was used:

Y
ikjn

\ u ] G
i
] S

j
] L

k
] LS

jk
] R

n(jk)
] (GS)

ij
] (GL)

ik
] (GSL)

ijk
] e

ijkn

where u is the parametric mean of the population;
is the value of the character for the ith genotypeY

ijkn
in the nth replicate in the jth season in the kth loca-
tion; is the eþect of the ith genotype; is theG

i
S

j
eþect of the jth season; is the eþect of the kthL

k
location; is the eþect of the interaction betweenLS

jk
the kth location and the jth season; is the eþectR

n(jk)
of the nth replicate in the jth season and kth location;

is the eþect of the interaction between the ith(GS)
ij

genotype and the jth season; is the eþect of(GL)
ik

the interaction between the ith genotype and the kth
location; is the eþect of the interaction(GSL)

ijk
between the ith genotype, the jth season and the kth
location; and is the error associated with the ithe

ijkn
genotype in the nth replicate in the jth season in the
kth location.

Environments was considered as üxed and geno-
type as random factor in order to obtain estimates of
the causal components of the variance. Genetic
variance (Vg) was estimated as the variance between
the genotypes and the environmental variance (Vm)
as the sum of the causal components of the variance
corresponding to localities and error.

Total variance Vt \ Vg ] Vm] Vi

Vi \ interaction variance

Broad sense heritability \ Vg/Vt

Correlation coefficients were calculated as described
in Ref 23. The method described in Ref 24 was used
when the interactions were not signiücant in order to
pool their mean squares with those of error.

RESULTS AND DISCUSSION

The means and standard deviations of antinutritional
factors in seeds of cowpea grown in the three loca-
tions over four seasons are shown in Table 2. The
results indicated that the TI activity of cowpea seeds
grown at Kano are higher than those obtained from
seeds grown at Mokwa and Ago-Iwoye. The values
for these TI activities were also higher than those
reported in cowpea seeds9 and were also higher than
in soybean,16 lima bean9 and peas.25 The levels of
tannins obtained in cowpea seeds from the three
locations were similar, although the highest quantity
of 8.24g kg~1 DM was obtained at Ago-Iwoye.
Phytic acid contents of cowpea seeds grown at
Mokwa are higher than those grown at Kano and
Ago-Iwoye, while the haemagglutinin levels were
higher in seeds grown at Kano. The levels of tannins,
phytic acid and haemagglutinins in cowpea seeds
used in this study were also higher than those pre-
viously reported for cowpea seeds.1,9 The higher
levels obtained in this study may be due to varieties
that were released from recent breeding programmes,
particularly those breeding programmes aimed at
improving resistance to pest and diseases. This sug-
gestion is further corroborated previous reports11,12
which correlated increases in resistance to pest with
increases in some antinutritional factors in seeds of
some cowpea varieties. The levels of TI were higher
in cowpea seeds grown in the wet seasons than those
grown in the dry seasons in the three locations sug-
gesting that soil moisture may increase the uptake of
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TI. The levels of tannins were higher in cowpea
seeds grown in the dry seasons suggesting that high
temperature (air and/or soil) and evaporation may
favour bioaccumulation of tannins in cowpea seeds.

Summary of genotype levels of trypsin inhibitors,
tannins, phytic acid and haemagglutinin in cowpea
seeds are shown in Table 3. The mean TI values
ranged from 26.59 for Sel 2629 to 45.63g kg~1 DM
for Sel 2492. In contrast to a previous report,9 vari-
etal diþerences were evident in the genotypes mean
TI activity. The cowpea genotypes could be classi-
üed into low (26.09 to 29.73g kg~1 DM), medium
(30.82 to 36.48g kg~1 DM) and high (38.49 to
45.63g kg~1 DM) on the basis of their TI activity.
The mean tannin contents gave a range of 5.61 for
Oolo-1 to 8.74g kg~1 DM for Vita-3. Similarly, the
mean values for phytic acid composition of these
cowpea seeds expressed in g kg~1 DM ranged
between 16.05 for Sel 4992 to 25.07 for Ife Brown
while haemagglutinating activity gave a range of 4.63
for Ife Bimpe to 17.68g kg~1 for IT86D-534. These
results indicated that it was possible to classify the
cowpea genotypes into low (4.0–9.0g kg~1 DM),
medium (10.0–14.0g kg~1 DM) and high (15.0–
18.0g kg~1) on the basis of their haemagglutinating
activity. Previous workers had reported similar clas-
siücations in soybean16 and cowpea.9 On the other
hand, genotype diþerences were not evident in the
mean values for phytic acid contents of cowpea
seeds. Apart from Sel 4992 and Vita-5, all other
genotypes showed close similarities in phytic acid
composition. Generally, this data suggests the exis-
tence of sufficient variability in TI activity, tannins
and haemagglutinatin activity in this cowpea geno-
types and a high possibility of lowering their levels in
cowpea seeds in a carefully designed genetic

improvement programme. The data on phytic acid
contents suggest little possibility for lowering its
levels in seeds through selections from this geno-
types, but Sel 4992 appeared promising in a well-
designed genetic improvement programme.

A test of homogeneity of the error mean squares
among individual environments were conducted
prior to conducting a combined analysis of data. The
X2 values for all the antinutritional factors were sig-
niücant indicating that the intra-environmental error
variances were not homogenous. Contrasting soil
types, temperature (air and/or soil) and rainfall dis-
tribution patterns may be responsible for the heter-
ogeneous error variances among individual variances.
Table 4 presents the combined analysis of variances
of TI, tannins, phytic acid and haemagglutinin activ-
ity contents of cowpea seeds grown in three loca-
tions. Environment and genotype ] environmental
interactions were highly signiücant for all the traits.
This indicates that the relative contents of the anti-
nutritional factors in a cowpea genotype was highly
dependent on the environment and the interaction
between the genotype and the environment being
considered. Generally, environmental factors were
much greater than genotypic eþects except for TI
which recorded a larger genotypic eþect. When
environmental eþects were further partitioned into
components, season eþects were detected for tannins
and TI contents, suggesting that selection for low
tannins and TI in cowpea seeds should be conducted
over more than one season in order to ensure a rea-
sonable stability to seasonal inýuence, mainly rainfall
and temperature. These results also suggest that
location ] season (L ] S) eþects made a strong con-
tribution to the variability recorded within the four
antinutritional factors. Similar ündings have been

Table 4. Res ults of combined ANOVA over three locations and four s eas ons per location on tryps in inhibitor, tannins phytic acid and

haemagglutinins contents of cowpea s eeds

Source of variation df Mean s quares

Tryps in Tannins Phytic acid Haemagglutinin

inhibitor

Genotype (G) 14 31.37** 28.78** 33.41** 35.36**
Environment (E) 11 26.22** 29.42** 46.29** 87.16**
Location (L) 2 15.98* 8.06 25.44 12.86

Seas on (S) 3 18.96* 11.65* 10.82 13.09

L]S 6 16.28* 10.67* 27.33* 35.26**
Replicate within environment 24 6.09 10.68* 2.21 3.92

G]E 154 15.28* 25.89** 12.98* 16.11*
G] L 28 6.91 6.37 1.64 10.17

G]S 42 10.83* 9.88 3.08 15.02

G] L]S 84 4.36 16.14* 12.39* 11.26

Error 336 3.82 4.83 2.41 6.08

Significance: * P¹ 0.05 ; ** P¹ 0.01.
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Cons tituents b Tryps in inhibitor Tannins Phytic acid Haemagglitinin

Vg 19.82** 16.04** 18.25** 14.82*
Vm 14.98** 38.16** 19.81** 29.08**
Vi (G]E) 5.03 12.69 3.67 8.05

Vi (G] L) 11.16** 22.07** 10.22* 28.01**
Vi (G]S) 10.83* 10.65 5.84 4.61

Vi (G] L]S) 4.06 15.85** 10.78* 5.26

Total variance (Vt) 65.88 125.46 68.57 89.83

Heritability (bs ) 0.3 0.21 0.27 0.16

a Significance: * PO 0.05 ; ** PO 0.01.
b Vg, genetic variance; Vi, Interaction variance; Vm, Environmental variance; bs , broad s ens e.

Table 5. Components of

variationa

reported in carrots.26 In this study, the L ] S eþects
were signiücant and large particularly for haemag-
glutinin.

The components of variation, total variation and
heritability in the broad sense for TI, tannins, phytic
acid and haemagglutinin activity contents of cowpea
seeds are shown in Table 5. Environmental eþects
were generally stronger than the genetic eþects
except for TI which recorded a stronger genotypic
eþect. However, all the antinutritional factors

showed a workable level of genetic variability. These
results are in agreement with the analysis of variance
in Table 4 and implies that the levels of these anti-
nutritional factors will be inýuenced by planting in
certain locations in certain seasons. Thus, the expan-
sion of cowpea production into new areas must be
undertaken with caution. Safe environments for pro-
duction of cowpea with low levels of antinutritional
factors in Nigeria and indeed in subtropical and
tropical environments where cowpea are largely pro-

Parameter Tryps in inhibitor Tannins Phytic acid Haemagglutinin

Soil

pH [0.08 0.11 0.21 [0.06
Nitrogen 0.01 0.05 0.21 0.05

Phos phorus [0.28* 0.39* [0.27* [0.19
Potas s ium 0.62** 0.58** 0.55** 0.68**
Calcium 0.36* 0.69** 0.39 0.25

Magnes ium 0.38* 0.35* 0.78** 0.79**
Organic matter [0.89** [0.76** [0.82** 0.55*
Organic carbon 0.16 [0.04 0.23 [0.08
Seas on

Wet 0.61* [0.73** 0.26 [0.09
Dry [0.28 0.36 0.08 0.16

a Significance: * P\ 0.05 ; ** P\ 0.01.

Table 6. Overall correlations

between environmental

parameters and cowpea

antinutritional factors a

Tryps in inhibitor Tannins Phytic acid Haemagglutinin

Kano, Kano State

Tannins 0.62**
Phytic acid 0.58** 0.86***
Haemagglutinin 0.63** 0.08 0.01

Mokwa, Niger State

Tannins 0.62**
Phytic acid 0.44 0.73***
Haemagglutinin 0.41 [ 0.11 0.06

Ago-Iwoye, Ogun State

Tannins 0.38*
Phytic acid 0.43* 0.64**
Haemagglutinin 0.32 0.07 0.03

Pooled

Tannins 0.79***
Phytic acid 0.57** 0.75***
Haemagglutinin 0.64** 0.06 0.05

a Significance: * 0.01\P\ 0.05 ; ** 0.001\P\ 0.01 ; *** P[ 0.001.

Table 7. Correlation coefficients

among tryps in inhibitor, tannins ,

phytic acid and haemagglutinin

compos ition in cowpea s eeds a
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duced and consumed must be identiüed and recom-
mended to cowpea producers.

Table 6 shows overall correlation between
environmental parameters and cowpea anti-
nutritional factors. Signiücant positive correlation
were detected between TI activity, tannins, haemag-
glutinin activity, and calcium, potassium and magne-
sium while a negative correlation was detected
between the four antinutritional factors and the soil
organic matter content. Signiücant negative corre-
lation was also detected between tannins and wet
season. These results imply that potassium fertil-
isation may increase the contents of the four anti-
nutritional factors in these cowpea seeds.
Alternatively, the levels of the four antinutritional
factors in cowpea seeds appeared to be reduced by an
increase in the organic matter content of the soil.
Negative correlation was also recorded between
phosphorus and the antinutritional factors except
tannins, suggesting that increasing the available
phosphorus contents in the soil may reduce the levels
of TI, phytic acid and haemagglutinin in cowpea
seeds.

Correlation coefficients (r) between TI, tannins,
phytic acid and haemagglutinin composition in
cowpea seeds are shown in Table 7. TI was nega-
tively correlated to tannins content and positively
correlated to phytic acid and haemagglutinin con-
tents of cowpea seeds in the three locations. Tannins
content was negatively correlated to phytic acid
content.

Table 8 shows the environmental and genetic
correlation coefficients obtained from the analysis of
covariance. TI showed a strong negative genetic
correlation with tannin contents and a strong positive
correlation with phytic acid and haemagglutinin
activity at the environmental level. A simultaneous
reduction in the levels of TI and tannins may not be
easy. On the other hand, a simultaneous reduction in
the levels of TI and phytic acid is feasible in a well-
designed genetic improvement programme. These
results may be of nutritional importance since it has
been suggested27 that tannins do not aþect nutri-
tional quality unless [ 10% or more of the seeds dry
weight. The highest tannin levels were 8.74g kg~1
DM for Vita-3 and a coefficient of variation of
10.38% which is less than 1% of cowpea dry matter

content. On the other hand, phytic acid and TI are
abundant constituents of these cowpea seeds. These
results are in agreement with previous reports6 and
are of nutritional signiücance because TI and phytic
acid are able to chelate phosphorus, calcium, magne-
sium, zinc and molybdenum thereby reducing their
bioavailability in the body systems4 and can also
react with proteins, forming complex products,
which reduce digestibility.5 Thus, their levels in
these seeds must be reduced because of the growing
importance of cowpea in human and animal diets.
Furthermore, phytic acid showed negative and posi-
tive correlation at the genetic and environmental
levels respectively with haemagglutinins activity in
these cowpea seeds.

These results suggests that a simultaneous
reduction in the phytic acid and haemagglutinin
activity levels in these cowpea seeds may not be easy
in a conventional genetic improvement programme
except if speciüc cowpea genotypes are grown in
selected environments. Thus, more eþorts are
needed to identify these suitable environments for
subsequent recommendation to cowpea producers.

CONCLUSIONS

Results of this study showed that the levels of TI,
tannins, phytic acid and haemagglutinin activity in
cowpea seeds are largely aþected by the environ-
mental and genetic ] environmental interaction
eþects. Thus, the variability in the levels of these
antinutritional factors in cowpea seeds depend
largely on the environment where it is grown. This
implies that a cowpea genotype grown and consumed
safely in an environment can be poisonous when
grown and consumed in another environment. Thus,
it is suggested that a multi-environmental testing of
the improved cowpea genotypes be conducted in
order to target speciüc genotypes to speciüc environ-
ment where they could be grown for safe consump-
tion. Results of previous studies on the inýuence of
genetic, environment and genetic ] environment
eþects on cowpea yield, protein, amino acid and lipid
composition,28 starch, fatty acids and essential
mineral nutrients29 and this study suggests that in a
carefully designed genetic improvement programme

Tryps in inhibitor Tannins Phytic acid Haemagglutinin

Genetic correlation coefficients

Tannins [0.86***
Phytic acid 0.53** 0.07

Haemagglutinin 0.21 0.55** 0.86*
Environmental correlation coefficients

Tannins 0.18

Phytic acid 0.47** 0.31*
Haemagglutinin 0.96 0.02 0.93

a Significance: * 0.01\P\ 0.05 ; ** 0.001\P\ 0.01 ; *** P[ 0.001.

Table 8. Genetic and

environmental correlation

coefficients a
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using sufficiently large number of cowpea genotypes,
it is possible to obtain a high yielding product with
an adequate contents of protein, essential amino
acids, fatty acids and essential mineral nutrients with
reduced levels of important antinutritional factors. It
must be emphasised that the use of organic fertil-
isers, which improve the organic matter contents of
the soil, and mycorrhizal inoculation, which
improves the available phosphorus level in the soil,
should be encouraged in our farming systems as they
have the potentials to reduce the levels of anti-
nutritional factors in cowpea seeds.
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