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ABSTRACT The purpose of the study was to determine chemical composition and dry matter yield of cowpea
haulms (Sejwaleng, Lebudu and Morathathane) grown in Limpopo Province, South Africa. Randomized complete
block design was used as an experimental design and plant material was harvested at 14 weeks after planting. All of
the three cowpea varieties had higher protein content ranging from 111.2 to 121.7 g/kg DM. From the study all
three varieties did not meet the packed volume requirement and water retention criterion. The three cowpea
varieties have different levels of dry matter yield. Low levels of both extracted condensed tannins and condensed
tannins in ADF were found in all of the three cowpea varieties. All the three cowpea varieties could be utilized as
protein supplements for ruminants on low quality roughages. There is therefore a need to determine palatability
and feed intake using these three cowpea varieties.

INTRODUCTION

The poor forage quality of the feed resourc-
es available to ruminants is because of low plane
of nutrition (Jeremiah et al. 2015). Introducing
low cost forage with high forage quality could
increase animal productivity (Anele et al. 2011).
Cowpea is a legume species that plays a role in
the lives of millions of people in other parts of
the developing world (Nwofia et al. 2015). Cow-
pea is an important grain legume in tropical and
subtropical regions where there is a shortage of
animal protein (Tshovhote et al. 2003). Because
cowpea is the first crop to be harvested before
cereal crops it is called the “hungry season crop”
(Gomez 2004). It can grow under in rain fed con-
ditions with an annual rainfall of at least 300 mm
(Alemayehu 2002). The crop produces income
for many smallholder farmers (Langyintuo et al.
2003). The crude protein content of cowpea
grains ranged between 20 and 25 percentages,
which is twice the protein content of most cere-
als (Nwofia et al. 2015).

Cowpea generally contains high concentra-
tion of most nutritional valuables (Bressani 2002).
Singh et al (2003) reported that cowpea is an
important fodder crop for livestock and has been
proposed as a possible alternative source of pro-
tein and energy for livestock during winter and

dry seasons. Cowpea haulms may contain sec-
ondary compounds such as tannins and total
phenolics, which affect animal performance. Due
to the importance of legume in the dietary needs
of the smallholder farmers, whose diets have
been shown to be deficient of protein (Nowfia et
al. 2015), there is a need to have the fresh fodder
all year round. Knowledge of the chemical com-
position of most available crop residues used in
feeding ruminants is an important tool in the
effective and efficient utilization of these resi-
dues. Nutritionists require accurate information
on nutrients of specific cowpea varieties to for-
mulate the ration containing these cowpeas.
Plant breeders need such information to enable
them to develop better varieties to improve the
forage value of the seeds.

Research Objective

The study was guided by the following ob-
jective:

To determine chemical composition and dry
matter yield of three cowpea varieties grown in
Limpopo Province, South Africa.

Research Hypotheses

The study was guided by the following hy-
potheses:
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There is no difference in the chemical com-
position and dry matter yield of three cowpea
varieties grown in Limpopo Province, South
Africa

METHODOLOGY

An experiment was conducted at the To-
woomba Agricultural Development Center
(ADC) with three varieties: Sejwaleng, Lebudu
and Morathathane in a randomized complete
block design. Towoomba ADC is situated in the
southern part of the Springbok flats, approxi-
mately 3 km southeast of Warmbaths in the Lim-
popo Province, Waterberg District, South Afri-
ca (28°21’E, 24°25’S; 1-184 m above sea level).
The following varieties were used: Leaf green-
ness was scored on a scale of 1 to 5 according to
Maikodomi et al. (1999) with 1 = normal green
turgid leaves, 2 = green and slightly wilted, 3 =
green-yellow and wilted, 4 = yellow and light
brown leaves with severe wilting, and 5 = com-
pletely dried leaves. Forty plants were scored
for stem greenness during vegetative growth
whereas twenty plants were scored during the
reproductive growth stage. Stem greenness was
scored on a scale of 0 to 5, according to Muche-
ro et al. (2008) with slight modification where 0 =
completely yellow stem, 1 = yellowish-grey stem,
2 = green with severe yellowing, 3 = green with
moderate yellowing, 4 = green with slight yel-
lowing, 5 = completely green stem. After har-
vesting, the plant material was left to air dried
and then analyzed for content of dry matter, or-
ganic matter, crude protein, acid and neutral de-
tergent fiber, ether extract, packed volume, wa-
ter retention, condensed tannins, condensed
tannins in acid detergent fiber and dry matter
yield. Water retention and packed volume were
determined according to the methods described
by Seoane et al. (1981). The samples were ana-
lyzed for dry matter contents (DM), by drying
the fresh material in an oven (AOAC 1990; Meth-
od No. 930.15), ash by burning the plant material
in a muffle furnace (AOAC 1990; Method No.
924.05) and crude protein (CP) using a Kjeldahl
procedure (AOAC 1990; Method No. 984.13).
The acid detergent fiber (ADF) was determined
using the sequential method of the ANKOM 200
Fiber Analyzer (ANKOM Technology Corpora-
tion, Fairport, NY, USA), described by Holden
(1999). Ether extract (EE) was determined using
ANKOM XT10, Extractor 120V (ANKOM Tech-

nology Corporation, Fairport, NY, USA). The dry
matter yield was determined by cutting the plant
material and weighing it. Estimated potential daily
dry matter intake (DMI) was calculated accord-
ing to Mertens (2002) using the formula:

DMI = 1.2 X body weight
NDF%

Where,
NDF% = (W3 - (W1 x C1)) x 100

      W2
Where,
W1 = Bag tare weight
W2 = Sample weight
W3 = Dried weight of bag with fiber after

extraction process
C1 = Blank bag correction
Data was processed by ANOVA procedures

using SAS (2008) and treatment means separat-
ed by using least square means. Relationship
between chemical composition and dry matter
yield was determined using correlation analysis

RESULTS

There were significant varietal effects on dry
matter (DM) yield, leaf and stem greenness dur-
ing vegetative and reproductive growth stage
(Table 1). Lebudu and Morathathane had the
highest DM yield of 0.165 and 0.161 tons/ha,
respectively while Sejwaleng had the lowest DM
yield (0.130 tons/ha) (Table 1). Scores of leaf
greenness differed between the three cowpea
varieties during both vegetative and reproduc-
tive growth stages (Table 1). Lebudu had the
lowest score (1.95) as compared to Sejwaleng
and Morathathane (3.10 and 2.95, respectively)
during vegetative growth stage. During repro-
ductive growth, Morathathane had the highest
scores (4.95) as compared to Lebudu (3.95), and
Sejwaleng (4.00). During vegetative stage Leb-
udu and Morathathane had high scores of stem
greenness (4.95 and 4.95 respectively) than Se-
jwaleng (3.9). Lebudu during the reproductive
growth stage had the highest score whereas
(4.45) Morathathane and Sejwaleng had the low-
est scores (3 and 2.85, respectively) (Table 1).

Packed volume, water retention and dry mat-
ter content were similar among three different
cowpea varieties (Table 2). Morathathane con-
tained the highest crude protein level, which was
9.44 percent and 4.19 percent more than Se-
jwaleng and Lebudu (Table 2). Lebudu had the
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highest acid detergent fiber of approximately 4.7
percent and 4.1 percent more than Mor-
athathane and Sejwaleng (Table 2). Sejwaleng
and Morathathane had the highest ether extract
as compared to Lebudu.

Extracted condensed tannins (CT) differed
by ca. 36.2 percent between Sejwaleng (0.9 g/
kgDM) and Morathathane (0.7 g/kgDM), re-
spectively (Table 2). Lebudu had the highest
condensed tannins (18.7 g/kgDM) concentra-
tions in ADF compared to Sejwaleng (9.5 g/
kgDM) (Table 2).

They were significant varietal effects (P<0.05)
on neutral detergent fiber and dry matter intake
(Table 3). Dry matter intake differed by approxi-
mately 14.85 percent between Sejwaleng and
Lebudu. All three cowpea varieties do contain
low levels of neutral detergent fiber content
(NDF) (Table 3).

Simple correlation coefficient calculated be-
tween chemical and physical properties are giv-
en in Table 4. Dry matter (DM) yield was strong-

ly positively correlated with crude protein (r =
0.85**, P = 0.0326), and negatively correlated with
packed volume (r = -0.86**, P =0.0427) and ECT
(r = -0.93**, P =0.0025) (Table 4). Leaf greenness
was weakly positively correlated with crude pro-
tein (r = 0.25**, P = 0.03), strongly positively cor-
related with dry matter intake (r = 0.84**, P
=0.0321) but strongly negatively correlated to

Table 1: Mean (s.e) dry matter yield (kg/ha) and score for stem and leaf greenness during vegetative
and reproductive growth stage of three cowpea varieties grown in Towoomba ADC, South Africa

   Leaf       Stem
Variety Yieldkg/ha Vegetative Reproductive       Vegetative  Reproductive

Lebudu 0.165a 4.95a 4.45a 1.95b 3.95b

Sejwaleng 0.130c 3.90b 2.85c 3.10a 4.00b

Morathathane 0.161b 4.95a 3.00b 2.95a 4.95a

Overall 0.152 4.60 3.43 2.67 4.30
S.E.M 0.001 0.050 0.041 0.050 0.041
P level ** ** ** ** **

a,b,c Column means with different superscripts differ significantly at P < 0.05
*** Significant at P <0.05, S.E.M, standard error of the mean

Table 2: Mean concentration of dry matter (DM), organic matter (OM), crude protein (CP), acid
detergent fibre (ADF), NDF = neutral detergent fibre ether extract (EE), packed volume, water retention,
extracted condensed tannins (ECT) and condensed tannins in ADF (CTADF) in the three cowpea
varieties

Variety               DM OM  CP ADF NDF EE Packed Water ECT CTADF
                       (g/kg)         (g/kg (g/kg (g/kg (g/kg (g/kg volume retention (g/kg (g/kg

DM) DM) DM)  DM) DM) (ml/g)    (g/g)   DM)   DM)

Lebudu 929.2 884.6a 116.8b 237.0a 354.6a 9.7b 6.80 8.66 0.8b 18.7a

Morathathane 930.3 822.7b 121.7a 226.3c 335.7b 13.2a 6.38 7.91 0.7c 13.0ab

Sejwaleng 945.4 865.1a 111.2c 227.6b 308.9c 14.3a 6.87 8.55 0.9a 9.5b

Overall 934.9 857.5 116.6 230.3 333.1 12.4 6.68 8.37 0.8 13.7
S.E.M 1.645 2.878 5.515 0.016 0.104 0.411 2.608 1.402 0.011 1.321
P level NS ** ** ** ** ** NS NS ** **

a,b,c Column means with different superscripts differ significantly at P < 0.05
Note: DM = Dry matter, OM = Organic matter, CP = Crude protein, ADF = Acid detergent fibre, NDF = Neutral
detergent fibre, EE = Ether extract, ECT = Extracted condensed tannins and CTADF = Condensed tannins in acid
detergent fibre. *** Significant at P <0.05, NS = Non significant, S.E.M = Standard error of the mean

Table 3: Predicted dry matter intake by animal
unit (AU)* based on forage neutral detergent fibre
concentration

Variety NDF (% DM)   Dry matter
intake (% of
body weight)

Lebudu 35.5a 15.22c

Morathathane 33.6b 16.09b

Sejwaleng 30.9c 17.48a

S.E.M 0.010 0.004

a,b,c Column means with different superscripts differ
significantly at P < 0.05
*AU = Animal weighing 450 kg.
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acid detergent fiber (r =-0.97**, P= 0.0049) and
not correlated to other parameters (P<0.05).
Crude protein content was negatively correlat-
ed to condensed tannins (r =-0.99**, P=0.0063),
acid detergent fiber (r = -0.92**, P = 0.0018), neu-
tral detergent fiber (r = -0.94**, P = 0.0047) and
packed volume (r = -0.85**, P = 0.0348), while
packed volume was strongly positively corre-
lated to condensed tannins (r = 0.89**, P=0.0179).
Neutral detergent fiber was strongly positively
correlated with acid detergent fiber (r = 0.96**, P
= 0.0003). Ether extract was strongly positively
correlated with leaf greenness (r = 0.99**, P =
0.0015) and dry matter intake (r = 0.91**, P =
0.0113) and negatively correlated to acid deter-
gent fiber (r = -0.94**, P = 0.0057).

DISCUSSION

All cowpea varieties produced yields of ap-
proximately 0.165, 0.161 and 0.130 t/ha DM, which
is less than 0.5 to 4 tons/ha range suggested by
Mullen (1999) and Bilatu et al. (2012) as ade-
quate yield for cowpea under dry land. The yield
again from the experiment was lower than the
one reported by Nwofia et al. (2015). This varia-
tion may be due to crop management and envi-
ronmental characteristics (Walli et al. 1994).

There was a significant variety effect be-
tween cowpea varieties with respect to the num-
ber of green leaves during both vegetative and
reproductive stages. Lebudu maintained more
green leaves as compared to Sejwaleng and
Morathathane during the vegetative stage.

From this study, all the three cowpea variet-
ies did not meet requirements of physical char-
acteristics, however higher values may be found
from tropical legumes (Van Soest 1995). The es-
timation of less than 2.98 ml/g of packed volume
and 6.45 g/g of water retention were on temper-
ate legume species (Seoane et al. 1981). No liter-
ature on physical characteristics for tropical le-
gumes exists and therefore there is a need to
establish the relationship between water reten-
tion and packed volume on the one hand, and
voluntary intake of tropical forage legumes on
the other.

The overall mean for the crude protein (12%)
is lower than twenty-three percent and seven-
teen percent reported by Ravhuhali et al. (2010)
and Anele et al. (2011), respectively. The varia-
tion in the crude protein content was due to
differences in crop management (Sing et al. 2010),
variety (Anele et al. 2011), plant part (Savadogo
et al. 2000; Rivas-Vega et al. 2006; Jeremiah et al.
2015) or season of the year (Anele et al. 2011).
All cowpea varieties have crude protein of more
than 70 g/kg DM and will meet maintenance re-
quirements of sheep and mature cattle (Mokoboki
et al. 2000, 2002). The NDF mean (n=3) in the
present study (33.3%) is lower than forty-five
percent reported by Ravhuhali et al. (2010) and
mean value of around fifty-four percent (Dah-
mardeh et al. 2009), fifty-six percent (Singh et al.
2010) and sixty-one percent (Anele et al. 2011)
were also observed from different types of cow-
pea. For the three cowpea varieties, the range of
ADF is from 226.3 to 237.0 g/kg DM, which falls

Table 4: Correlation coefficients among characters in chemical composition, physical parameters,
yield and leaf greenness of cowpea varieties

Yield   Stem   Leaf    DMI    CP   ADF  NDF   EE PKD   ECT
greenness greenness

Yield 1.000
Stem 0.99** 1.000
greenness
Leaf -0.65NS -0.55NS 1.000
greenness
DMI -0.96** -0.92** 0.84** 1.000
CP 0.82** 0.88** 0.25** 0.85** 1.000
ADF 0.48NS 0.39NS -0.97** -0.71NS -0.92 1.000
NDF 0.10NS 0.12NS 0.18NS -0.01NS -0.94 0.96** 1.000
EE -0.76NS -0.68NS 0.99** 0.91** -0.26NS -0.94** 0.17NS 1.000
PKD -0.86** -0.42NS 0.52NS -0.86** -0.85** 0.42NS -0.31NS -0.19NS 1.000
ECT -0.93** -0.83** -0.84** 0.58NS -0.99** 0.15NS -0.38NS 0.20NS 0.89** 1.000

DMI = Dry matter intake, CP =Crude protein, ADF = Acid detergent fibre, NDF = Neutral detergent fibre, EE =
Ether extract, PKD = Packed volume and ECT =Extracted condensed tannins. Significant at 0.05 probability level.
NS = non-significant??
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within the range where ADF is expected to be
digestible (Belyea and Ricketts 1993) and would
therefore not negatively impact on the bio-avail-
ability of CP. Savadogo et al. (2000), Baloyi et al.
(2001), Chakeredza et al. (2002) and Rivas-Vegas
et al. (2006) reported similar values. Forage NDF
concentration is the primary indicator of fill ef-
fect or dry matter intake. Daily dry matter intake
for the three cowpea varieties was high because
of the low neutral detergent fiber content. Thus,
there will be a fast rate of passage through the
rumen and the resulting gut fill will causes ani-
mals to increase their intake.

Tannins complex with nutrients result in a
drain on nutrients to be supplied to animal (Fa-
hey and Jung 1989). Tannins also have positive
effects on animal performance (Mueller-Harvey
and McAllan 1992, Reed 1995). Tannins can be
divided into condensed tannins and hydrolys-
able tannins (Mueller-Harvey 2001). Condensed
tannins are polymers of flavonol units most fre-
quently linked at C4-C8 or C4-C6. Condensed
tannins should be within the 20 to 40 g/kg DM,
based on the butanol-HCl method (Barry and
Duncan 1984). In this study, all three cowpea
varieties contained low extracted condensed
tannins levels (0.7 to 0.9 g/kg DM). This three
cowpea because of low levels of extracted con-
densed tannins will decrease the formation of
bloat and increase the protein availability for
digestion (McArthur et al. 1992). Further, the
concentration of condensed tannins in acid de-
tergent fiber was low in three varieties. Con-
densed tannins in legume species at high con-
centrations in the fiber fractions may affect their
digestion kinetic parameters and confound the
relationship between kinetic measurements and
fiber composition (Makkar and Singh 1991).

There was a strong positive correlation be-
tween crude protein versus acid, neutral deter-
gent fiber and packed volume in the present
study. The results from the current study were
similar to the finding of Tucak et al. (2013) and
Turk et al. (2015). Similar results have been found
by Araujo and Coulman (2002). Therefore, se-
lection for increased crude protein would result
in lower fiber concentration, which would be
desirable from the standpoint of forage quality
(Turk et al. 2015). Positive correlation was found
in acid detergent fiber versus neutral detergent
fiber, which was similar to those findings report-
ed in the literature (Tucak et al. 2015). It is ex-
pected because lignin and cellulose are also com-

ponents of neutral detergent fiber. From the cur-
rent study results, varieties with higher yield
and lower acid and neutral detergent fiber
should be used as supplements for ruminant
animals.

CONCLUSION

Chemical composition and dry matter yield
varies among three cowpeas grown in Limpopo,
South Africa. Lebudu and Morathathane had
overwhelming crude protein contents and low
amount of acid and neutral detergent fiber as
compared to Sejwaleng and retained more green-
ness. The two varieties also have high predict-
ed dry matter intake. Future research should be
conducted to identify the level of inclusion of
these two varieties in various ruminants as well
as in monogastric rations. In vitro digestibility
should also be determined from these cowpea
varieties.
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