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Abstract: A study was conducted to investigate the relationships between chemical composition and in

vitro digestibility of some common forage species for ruminant livestock production in three areas of

Capricorn Region, Limpopo province, South Africa. The experimental design was a complete randomized

3 (chief areas - Ga-Mphahlele; Ga-Dikgale and Moletjie) x 12 (forage species[6 browses (A. karroo, A.

rehmanniana; D. cinerea; Z. mucronata, P. africanum , and V. cyanescens) and 6 grasses (C. dactylon,

P. maximum, H. dissoluta, T. triandra, D. eriantha and A. congesta]) factorial design. Chief area had no

effect (P>0.05) on chemical composition and in vitro enzymatic digestibility of forage species. There were

differences (P< 0 .05) between forage species in chemical composition and in vitro enzymatic digestibility.

Browse species had higher (P< 0.05) CP contents (ranged from 10 to 14 %) than grass species (ranged

from 1.4 to 5%). Significant (P< 0.05) differences in CP were also observed within browse and grass

species. Neutral and acid detergent fibre values differed (P< 0.05) between species. Neutral detergent fibre

values for the 6 browse species ranged from 46 to 56 % while those of grasses ranged from 66 to 76 %.

Acid detergent fibre values ranged from 19 to 29 % and from 28 to 32 % for browse and grass species,

respectively. Total phenolic values in browse species ranged from 1.14 to 2.09 % DM tannic acid

equivalent, the differences were non-significant (P> 0.05). There was no detection of total phenolics in

grass species. In vitro DM and OM digestibility differed (P < 0.05) between the forage species. In vitro

DM and OM digestibility values of browse species ranged from 0.36 to 0.47 and from 0.38 to 0.55,

respectively. In vitro DM and OM digestibility values of grass species ranged from 0.42 to 0.58 and from

0.43 to 0.60, respectively. Correlation analysis showed that DM, OM, CP, NDF and ADF contents have

poor (P> 0.05) capacity to predict in vitro fDM and OM digestibilities of forages. In conclusion, these

results show that DM, OM, CP, NDF and ADF contents have poor capacity to predict in vitro DM and

OM digestibilities of forage. Total phenolic measurements provided no reliable indication of in vitro dry

matter and organic matter digestibilities of the browse species, thus suggesting that in vitro DM and OM

digestibilities have limited potential for predicting quality of browse species. Crude protein, total phenolics

and in vitro digestibilities were poorly (P>0.05) correlated, however, the results showed that a number of

the forage species are of good nutritive value and have the potential for integration into ruminant livestock

feeding systems in Limpopo province.
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 INTRODUCTION

Ruminant livestock (mainly cattle, sheep, goats and

donkeys) play an important role in the economy of the

Limpopo province. They are important source of cash

income through sales of their products (milk, meat,

skin etc) or live animals; and also serve as a store of

wealth that can be called upon during difficult times or

when there is a need for large sums of cash for school

fees, funeral or wedding expenses . They also play an[51]

important role in the social systems, for example cattle,

sheep and goats are used for sacrifices, feasts or in

fulfillment of other societal obligations . in of the[33]

people Limpopo province. In the food system, ruminant

livestock provide meat and milk that are high in

nutrients. In the cropping system ruminant livestock
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make use of crop residues while returning valuable

manure to the soil .[55]

In the rural areas majority of the ruminant

livestock population depend on natural pastures and

forages for their nutrient requirements. These natural

pastures and forages are usually in communal grazing

areas which are overgrazed and thus cannot provide

adequate nutrients for good levels of productivity of

ruminant livestock. The major constraint to the

productivity of ruminant livestock in the Limpopo

province is nutrition because both quantity and quality

of forages are low especially during the dry season.

Forage quality refers to the totality of factors that

influence the feeding value of forage for ruminant

animals . Subsequently accepted scientific methods[24]

based on analysis are mostly used to determine forage

quality.

During the rainy season, animals depend on the

natural pastures and forages also. The cold and dry

seasons in Limpopo province is characterized by less

and/or no vegetative growth. At this period ruminant

livestock depend on crop residues and poor standing

hay on the grazing lands to obtain their nutritional

requirements . Additionally, ruminant livestock rely on[2 ]

browse species during the dry season.

Browses are high in crude protein but have anti-

nutritional factors such as tannins . Low tannin[13,8,1 ]

contents (2-5%) are beneficial to ruminants due to their

effect in reducing degradation of forage proteins that

can be outweighed by the small intestines. Tannins in

forages may improve disease and insect resistance of

plants but also decrease microbial degradation of

dietary protein in the rumen .[38]

In the tropics, browse plants provide adequate

protein and can act as energy supplements for

ruminants  most especially in the dry season when[61,9]

grasses become dry and poor in quality. Despite their

potential as feed resources for ruminants, most tropical

shrubs contain high levels of anti-nutritional factors

such as tannins . At high levels, tannins may have[8]

detrimental effects on the nutritive value of forages by

reducing palatability, intake and digestibility .[30,17,52,38]

Moderate quantities of tannins may, however, prevent

bloat and enhance the supply of “by-pass” protein for

digestion in the small intestines and improve utilization

of dietary essential amino acids .[17]

Measurement of intake, in vivo and in vitro

digestibilities . chemical analysis . and[56,59,42,41,10,12] [60]

botanical assessment are some of the methods used to

determine forage quality . These methods are costly[14,15]

and consume time . however, Zicarelli, et al, .[30] [62]

suggested that estimation of in vivo digestibility from

in vitro fermentation data was acceptable, despite

leaving room for improvement. The objectives of this

paper therefore are to investigate the nutritive value of

leaves of selected forages based on chemical

composition and in vitro enzymatic degradability and

the relationship between in vitro digestibility and

chemical composition of forage for ruminant livestock

production in three areas of Capricorn Region,

Limpopo province, South Africa. 

MATERIALS AND METHODS

2.1 Study Site and Ruminant Livestock: Three chief

areas of the Capricorn region of Limpopo province 

selected for the study were Ga-Mphahlele, Ga-Dikgale

and Moletjie. Three representative villages within each

chief area namely, Seleteng, Serobaneng and Mashite

(Ga-Mphahlele); Mokgopo, Mogabane and Marobala

(Ga-Dikgale) and Sengatane, Moshate and Manamela

(Moletjie) that use different grazing areas were

included in the study. The selection in all cases was

based on the willingness of the chief, village headman

and the people in the study to participate and also on

accessibility of the areas. Only the predominantly Sotho

speaking Chief areas were selected.

The temperature in Limpopo province varies

between –2.5 C and 40 C, with an average evaporation0 0

of 1750 - 2500 mm per annum. The climate varies

from hot to very hot with very high humidity. The

climate is extremely hot during summer. Wind

directions are predominantly south to south- easterly or

north- westerly and could reach gale-force gusts near

the Drakensberg Mountains. Duration of sunshine

varies from 50% in winter to 75% in summer. The

plant-growing season, as determined by the temperature

variations varies from a relatively short growing season

in the high-lying parts such as the Pietersburg plateau,

to the longer growing season of the Low veld in the

province .[28]

The Limpopo province summer rainfall zone 

receives 90 % of its rainfall during the period of

October to March. Approximately 66.3 % of the

province has a total annual rainfall of less than 400

mm, while 6.2 % receives slightly more than 800

mm . Present land-use patterns indicate that 78 % of[28]

the Limpopo province is regarded as suitable grazing

land. 

Cattle farming constitute the main farming activity

in the Limpopo province. However, game farming is

gaining popularity and may in time supplement

extensive cattle farming. Smallholder farmers in

Limpopo province practice little dairy farming although

dairy farming is mostly practiced by commercial

farmers with Holstein-Friesian (76 %) and Jersey (16

%) breeds being predominant, followed by Ayrshires

and Guernseys.

The indigenous Afrikaner and Nguni are the main
beef cattle breeds kept by the smallholder farmers in
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Limpopo province. Locally developed breeds such as
the Bonsmara and Drakensberger are also popular beef
breeds kept by the commercial farmers, while
temperate breeds such as Brahman, Charolais, Hereford,
Angus, Santa Gertrudis, Simmentaler and Sussex are
maintained as pure breeds and used for cross–breeding
by commercial farmers .The sheep breeds kept are[53 ]

mostly Dorper and Pedi sheep. Others such as Karakul
(non-woolled) and Merino (woolled) breeds are kept by
commercial farmers. Dorper mutton sheep and several
indigenous fat tailed breeds and types are popular and
locally developed. Sheep are kept mainly for
production of meat, but socially and culturally, they are
used as a means of capital accumulation and cash
reserve to be drawn on in times of need.

2.2 Experimental Design and Sample Collection: The
experiment was conducted in three chief areas of
Moletjie, Ga-Dikgale and Ga-Mphahlele. Three
different villages (replicates) with different grazing sites
per village were laid out with twelve forages (six
different grasses and six different browses). The
villages used were Seleteng, Serobaneng and Mashite
(Ga-Mphahlele); Mogabane, Mokgopo and Marobala
(Ga-Dikgale) and Manamela, Moshate and Sengatane
(Moletjie). The experimental design was a completely
randomized 3 (chief areas - Ga-Mphahlele; Ga-Dikgale
and Moletjie) x 12 (forage species[6 browses[Sweet
thorn (Acacia  karroo), Silky thorn (Acacia
rehmanniana), Sickle bush (Dichrostachys cinerea),
Buffalo thorn (Ziziphus mucronata), Weeps wattle
(Peltophorum africunum) and Forest wild medlar
(Vangueria cyanoses) and 6 grasses (Couch grass
(Cynodon dactylon), Finger grass (Digitaria eriantha),
Guinea grass (Panicum maximum), Red grass
(Themeda triandra), Spready-three awn (Aristida
congesta subsp Barbicollis) and Yellow-thatch grass
(Hyperthelia dissolute)]. Samples of both trees and
grasses were taken to the University of Limpopo
herbarium for scientific identification. Twenty samples
per species were collected, dried indoors, mixed and
ground. The ground samples were kept in bottles for
laboratory analysis.

2 .3  D etermination of in Vitro  Enzymatic
Degradability: In vitro enzymatic degradability was
determined using the method of Aufrere and Michalet-
Doreau . and Tilley and Terry . Air-dried plant[16] [57]

material (0.3 g) was accurately weighed into 50 ml
centrifuge tubes with screw cap top in duplicate. Thirty
milliliters of 0.1N HCL containing 0.2% (w/v) pepsin
was added and incubated in water bath of 39 C for 480

hours. The tubes were shaken at least 3 times a day.
The samples were then filtered back to crucibles and
then transferred back to the centrifuge tubes with
quantitatively minimum amounts of sodium acetate-
acetic buffer containing 2.5 % (w/v) cellulase. The
volumes in the tubes were made up to 30ml with the

acetic acid cellulase buffer. The tubes were then
incubated in the water bath at 39 C for 48 hours. The0

tubes were shaken twice a day. At the end of
incubation, the contents of the tubes were filtered
through dried and pre-weighed sintered glass crucibles
(porosity 1), the residues were then washed with hot
distilled water and then put in an oven to be dry over
night at 105 C. The dried residue was then put in the0

muffle furnace for three hours at 500 C for ash0

determination. Calculations were as follows:
Dry matter digestibility (%) =[(DM sample-DM

residues)/DM sample] x100
Organic matter digestibility (%) =[(OM sample-

OM residue)/ OM sample] x100

2.4 Analytical Procedures: The AOAC . method was[6]

used for proximate analysis of all samples. All analyses
were done in triplicate. Dry matter was determined by
drying at 102° C for 24 h, ash by placing samples in
a muffle furnace at 600° C for 4 h and protein by the
micro-Kjeldahl procedure. Fibre analyses (NDF and
ADF) were according to the procedure of Van Soest et
al, .[61]

Total phenolics assay was done using Folin-
ciocalteu method of Waterman and Mole (1994). In
brief, fifty microlitre aliquots of the extract was put in
test tubes and made up to the volume of 0.5 ml with
distilled water. Folin-ciocalteu reagent (0.25 ml) was
added followed by sodium carbonate solution (1.25 ml)
and the tubes were then vortexed. The sample and
standard curve tubes, respectively were left to sit for
40 minutes and then taken to the spectrophotometer.
They were then set up and absorbance at 725 nm was
recorded. The formula used for calculation was as
follows:  Concentration of tannic acid in dry matter
was calculated as[Tannic acid in gram/Dry matter %]
x 100.

2.5 Statistical: Analysis of variance (ANOVA) was
used to test the effect of areas in which the plants
were grown and species on chemical composition and
in vitro enzyme degradability, using general linear
model procedure of Statistical Analysis Systems (SAS,
1998) as in a 3x12 Factorial design. If significant P
value occurred, separation of means was done using the
probability of difference (pdiff) facility of SAS (1998).

RESULTS AND DISCUSSION

3.1 Effect of Chief Areas and Species on Chemical
Composition and in Vitro Digestibility of Some
Forages in the Capricorn Region of the Limpopo
Province: Effect of chief areas on dry matter (DM),  
organic matter (OM),  crude protein (CP), neutral 
detergent fibre (NDF), acid detergent fibre (ADF), total
phenolics  (TP), in  vitro  dry   matter  (DMD)  and
organic  matter  (OMD) digestibilities of the browse

and  grass  species  in  the   Capricorn    region  of 
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Limpopo province is presented in Table 1. Dry matter

(DM), organic matter (OM), crude protein (CP), neutral

detergent fibre (NDF), acid detergent fibre (ADF), in

vitro dry matter (DM) and organic matter (OM)

digestibilities of A. karroo and also of A. rehmanniana,

D. cinerea, Z. mucronata and V. cyanescens were

similar (P>0.05) across the three chief areas. Also total

phenolic (TP) values for A. karroo and for A.

rehmanniana, D. cinerea, Z. mucronata, P. africanum

and V. cyanescens were similar (P>0.05) across the

three chief areas.

Table 2 presents data on the effects of species on

chemical composition of forages in the three chief

areas of Capricorn region of Limpopo province.  Dry

matter contents of P. maximum, H. dissolute, T.

triandra and A. congesta were similar (P>0.05) but

were different (P<0.05) from those of D. eriantha, C.

dactylon, A. karroo, A. rehmanniana, D. cinerea, Z.

mucronata, P. africanum and V. cyanescens Dry matter

values of D. eriantha and C. dactylon were similar

(P>0.05) but were significantly different (P<0.05) from

those of D. cinerea, P. africanum, A. rehmanniana, A.

karroo, Z. mucronata and V. cyanescens. Similarly, dry

matter values of D. cinerea, P. africanum , A.

rehmanniana, A. karroo, Z. mucronata and V.

cyanescens were similar across all chief areas (P>0.05).

Organic matter values of D. cinerea, P. africanum , A.

rehmanniana and A. karroo were similar (P>0.05).

Also, OM values of Z. mucronata, V. cyanescens, P.

maximum, D. eriantha and A. congesta were similar

(P>0.05) but different from those of C. dactylon, H.

dissolute and T. triandra (P<0.05).

Crude protein contents of D. cinerea, P. africanum ,

A. rehmanniana, Z. mucronata and V. cyanescens was

higher (P<0.05) than in C. dactylon, H. dissolute, T.

triandra, D. eriantha and A. congesta (3 %). However,

there were no significant (P>0.05) differences in CP

contents of C. dactylon, P. maximum  (5%) and V.

cyanescen. Crude protein values of H. dissolute, T.

triandra and A. congesta were similar (P>0.05) but

lower (P<0.05) than those of D. eriantha, C. dactylon

and P maximum .

Neutral detergent fibre of C. dactylon, P.

maximum, H. dissolute, T. triandra and A. congesta

were similar (P>0.05) but higher (P<0.05) than those

of D. eriantha, A. karroo, A. rehmanniana, D. cinerea,

Z. mucronata, P. africanum  and V. cyanescens (P<

0.05). Neutral detergent fibre value for D. eriantha was

higher (P<0.05) than those of A. karroo, D. cinerea, Z.

mucronata, A. rehmanniana; P.  africanum and V.

cyanescens.

There were no differences in ADF between D.

cinerea, A. rehmanniana, P. maximum , H. dissolute, T.

triandra and A. congesta (P>0.05), however, ADF

values were higher (P<0.05) than those of P.

africanum , A. karroo, Z. mucronata, V. cyanescens, C.

dactylon and D. eriantha.

Total phenolic values of A. karroo, A.

rehmanniana, D. cinerea, Z. mucronata, P. africanum

and V. cyanescens were similar (P>0.05). There was no

total phenolic found in the grass species (C. dactylon,

P. maximum, H. dissolute, D. eriantha, T. triandra, D.

eriantha and A. congesta). 

In vitro dry matter digestibility (DMD) of C.

dactylon, P. maximum , T. triandra and D. eriantha

were higher (P<0.05) than of A. karroo, A.

rehmanniana, D. cinerea, Z. mucronata, P. africanum,

V. cyanescens, H. dissolute and A. congesta). DMD of

P. africanum, H. dissolute, A. karroo and A.

rehmanniana were similar (P>0.05) but different

(P<0.05) from D. cinerea, Z. mucronata, V. cyanescens

and A. congesta.  Also DMD of A. congesta was

higher (P<0.05) than of D. cinerea, Z mucronata and

V. cyanescens.

In vitro organic matter digestibility (OMD) of C.

dactylon, P. maximum, T. triandra, D. eriantha and P.

africanum  were similar (P>0.05) but higher than A.

karroo, A. rehmanniana, D. cinerea, Z. mucronata, V.

cyanescens, H. dissoluta and A. congesta. Acacia

karroo, A. rehmanniana and D. eriantha had similar in

vitro OMD (P>0.05) but higher (P<0.05) than D.

cinerea, Z. mucronata, V. cyanescens and A. congesta).

Also in vitro OMD of H. dissoluta was higher

(P<0.05) than D. cinerea, Z. mucronata, V. cyanescens

and A. congesta. OMD of A. congesta and V.

cyanescens were similar (P>0.05) but higher (P<0.05)

than D. cinerea and Z. mucronata.

3.2 Prediction of in Vitro Dry Matter and Organic

Matter Digestibilities from Dry Matter, Organic

Matter, Crude Protein, Neutral Detergent Fibre,

Acid Detergent Fibre and Total Phenolic Contents

of Some Common Browse and Grass Species: A

series of linear regressions were used to predict in vitro

DM and OM digestibilities from DM, OM, CP, NDF,

ADF and total phenolic contents of the browse species

in the three chief areas of  Capricorn region of the

Limpopo province (Table 3 - mean of the three chief

areas).  In vitro DM digestibility was poorly predicted

from DM (r = 0.138), OM (r = 0.207), CP (r = 0.202),

NDF (r = 0.138), ADF fibre (r = 0.291) and total

phenolic (r = 0.062) contents of the browse species.

Similarly, OM was poorly but positively correlated

with DM (r = 0.364), OM (r = 0.03), CP (r = 0.395),

NDF (r = 0.033), ADF (r = 0.168) and total phenolic

(r = 0.116) contents of the browse species.

Table 4 presents data on linear regressions used to

predict in vitro DM and OM digestibilities from DM,

OM, CP, NDF, ADF and total phenolic contents of the

grass  species  in  the  three chief areas of Capricorn 
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Table 1: Effect of chief area  on dry matter (DM ),   organic matter (OM ),  crude protein (CP), neutral  detergent fibre (NDF), acid detergent

fibre (ADF), total phenolics (TP)*, in  vitro  dry   matter  (DM D)  and  organic  matter  (OM D) digestibilities of som e browse and

grass species in three chief areas of the  Capricorn  region of  Limpopo province (units are as % except for DMD and OM D

digestibilities)

Forages Nutrients

--------------------------------- -----------------------------------------------------------------------------------------------------------------

Areas Browse species DM OM CP NDF ADF TP DM D OM D

A Acacia Karoo 90.6 91.9 12.1 56.8 23.3 1.9 0.48 0.56

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 89.7 93.2 11.9 51.9 22.5 1.2 0.44 0.51

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 90.2 93.2 11.9 49.9 23.3 1.6 0.48 0.59

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.47 0.40 0.89 3.62 0.99 0.42 0.03 0.07

A Acacia  rehmanniana             90.4 95.2 8.2 59.3 33.2 1.3 0.47 0.48

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 92.0 94.1 10.7 55.9 33.4 1.4 0.46 0.48

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 89.9 95.2 9.6 56.9 33.9 1.2 0.48 0.49

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.19 1.47 0.27 3.37 1.12 0.14 0.04 0.01

A Dichrostachys  cinerea 91.9 91.4 12.4 54.9 25.5 1.3 0.36 0.37

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 90.3 93.3 13.9 56.9 30.9 1.3 0.34 0.35

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 90.9 95.2 11.8 56.3 30.1 2.2 0.39 0.39

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.57 1.23 1.47 3.89 1.35 0.67 0.03 0.03

A Ziziphus  mucronata             91.3 89.9 13.9 49.6 18.3 2.1 0.38 0.41

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 90.8 91.2 14.8 47.2 20.9 2.1 0.37 0.39

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 90.0 93.7 11.9 51.4 16.9 1.9 0.36 0.41

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.32 1.13 1.39 5.93 3.86 0.93 0.03 0.03

A Peltophorum  africanum              89.4 91.6 9.2 46.4 29.7 1.1 0.46 0.54

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 89.4 92.0 12.3 49.9 30.9 0.9 0.43 0.56

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 89.5 94.5 8.9 42.5 24.1 0.5 0.51 0.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.76 0.71 1.29 5.86 2.49 0.22 0.01 0.03

A Vangueria  cyanescens 89.9 92.4 9.4 43.4 17.7 2.3 0.36 0.39

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 89.9 91.3 10.3 56.9 23.3 2.6 0.38 0.41

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 90.2 90.4 10.3 44.1 24.1 1.4 0.37 0.43

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.47 0.40 0.89 3.62 0.99 0.42 0.29 0.07

Grass species Nutrients

-----------------------------------------------------------------------------------------------------------------

Areas DM OM CP NDF ADF TP DM D OM D

A Cynodon  dactylon             91.9 88.5 7.1 77.7 26.7 - 0.52 0.53

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 92.7 91.1 2.9 72.1 29.3 - 0.49 0.49

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 91.1 90.5 5.4 76.0 28.0 - 0.54 0.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.76 0.71 1.29 5.87 2.49 - 0.01 0.03

A Panicum  maximum              93.7 90.9 4.9 75.6 31.9 - 0.53 0.54

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 93.8 90.9 4.9 75.4 31.9 - 0.53 0.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 93.9 91.7 4.5 77.6 30.9 - 0.53 0.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.28 0.54 0.21 0.78 0.44 - 0.03 0.01
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Table 1: Continue

A Hyperthelia  dissoluta 94.0 88.4 2.4 66.9 34.9 - 0.48 0.51

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 94.7 90.2 1.9 71.6 33.8 - 0.42 0.42

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 92.8 91.6 2.2 76.7 33.8 - 0.43 0.44

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.66 0.49 0.26 2.90 0.94 - 0.03 0.03

A Themeda triandra             93.9 90.8 3.4 77.2 30.1 - 0.63 0.66

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 94.9 90.2 2.9 73.5 30.6 - 0.56 0.57

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 93.7 89.3 2.8 66.3 29.4 - 0.55 0.57

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.32 1.13 1.39 5.93 3.86 - 0.03 0.03

A Digitaria  eriantha             91.9 91.6 5.2 64.8 27.8 - 0.53 0.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 92.8 89.3 3.5 68.5 26.7 - 0.52 0.54

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 90.6 92.2 2.9 64.9 28.9 - 0.53 0.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.74 0.39 1.45 4.71 1.13 - 0.01 0.01

A Aristida  congesta 93.0 90.7 2.6 74.2 28.7 - 0.44 0.45

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 93.8 89.0 3.0 73.6 28.8 - 0.44 0.45

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 92.2 91.8 2.9 77.0 28.7 - 0.39 0.44

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

±SE 0.96 1.04 0.35 1.81 0.87 - 0.04 0.04

A : Chief Ga-M phahlele; B: Chief Moletjie; C: Chief Ga-Dikgale

SE : Standard error; * Percentage DM  tannin acid equivalent

Table 2: Effect  of  species   on  mean dry   matter (DM ),  organic  m atter  (OM ),  crude  protein  (CP),    neutral   detergent    fibre 

(NDF),    acid    detergent   fibre   (ADF),  total phenolics  (TP)*, in  vitro dry  matter  digestibility  (DM D)  and  in  vitro 

organic digestibility (OMD)  of  some forages  in Capricorn  region  of Limpopo province (units are % except DM D and OM D as

decimal)

Species DM OM CP NDF ADF TP DMD OM D

Browses

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D. cinerea 91 93 13 56 29 1.57 0.36 0.38cde ac a g ae a g h

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P. africanum 89 93 14 46 28 1.14 0.46 0.55e ab a h bcdefh a bcde ad

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A. rehmanniana 91 95 10 57 34 1.26 0.47 0.48cde a ab fg ab a bcd cdefg

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A. karroo 90 93 12 53 23 1.58 0.46 0.52cde ad a gh gij a bcdf cdef

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Z. mucronata 91 91 13 49 19 2.02 0.37 0.40be bcde a gh i a g hi

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V. cyanescens 90 91 10 48 21 2.09 0.37 0.41ce bcdf ac gh hj a g gi

Grasses

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C. dactylon 92 90 5 75 28 0.00 0.52 0.53bd efg bcd ab bcdefi b ad af

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P. maximum 94 91 5 76 32 0.00 0.53 0.54a bcdg bce a ac b ac ae

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

H. dissoluta 94 90 2 72 34 0.00 0.44 0.46a efg def ad a b bdg cfh

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T. triandra 94 90 3 72 30 0.00 0.58 0.60a efg def ae ad b a a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D. eriantha 92 91 4 66 28 0.00 0.53 0.55bc bcde bcf bcdef bcdefg b ab ac

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A. congesta 93 91 3 75 29 0.00 0.42 0.43a bde def ac af b efg gh

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S.E. 0.37 0.52 1.40 1.98 1.17 0.22 0.02 0.02

: M eans with different superscripts within a column are significantly differenta, b, c. d , e, f, g, h , i, j    

                           (P<0.05).

       S.E : Standard error

* : Percentage DM tannin acid equivalent
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Table 3 : Prediction  of  in  vitro  dry  matter  and organic matter  digestibilities (decimal) from  dry  matter  (DM ),  organic  m atter  (OM ),

crude   protein  (CP),   neutral detergent  fibre (NDF),  acid detergent  fibre (ADF)  and  total  phenolic (TP)*  contents of som e

common browse species in the Capricorn region of Limpopo province

Factor Y-variable Formulae R P

DM DM D Y = -0.0056x + 0.9251 0.102 0.502

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OM DM D Y = 0.0066x – 0.1932 0.030 0.133

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CP DM D Y = -0.0053x + 0.4752 0.303 0.143

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NDF DM D Y = 0.0012x + 0.352 0.030 0.319

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ADF DM D Y = 0.0025x + 0.3524 0.125 0.090

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TP DM D Y = -0.0046x + 0.4239 0.062 0.672

DM OM D Y = -0.0253x + 2.7454 0.364 0.007

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OM OM D Y = 0.0011x + 0.3596 0.030 0.826

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CP OM D Y = -0.0119x + 0.5958 0.395 0.003

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NDF OM D Y = -0.0003x + 0.4804 0.033 0.814

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ADF OM D Y = 0.002x + 0.4103 0.168 0.225

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TP OM D Y = -0.0103x + 0.4805 0.116 0.404

r : Correlation co-efficient

P : Probability

                  DM D : In vitro enzymatic dry matter digestibility

                  OM D : In vitro enzymatic organic matter digestibility

Table 4: Prediction of in vitro dry matter and organic matter digestibilities (decimal) from  dry  matter (DM ),  organic m atter (OM ),  crude

protein (CP), neutral  detergent  fibre (NDF), acid  detergent fibre (ADF) and total phenolic (TP) contents   of  some  common  

grass  species   in   the   Capricorn region in Limpopo province

Factor Y-variable Formulae R P

DM DM D Y = 0.0049x + 0.0515 0.102 0.461

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OM DM D Y = -0.0014x + 0.6337 0.030 0.817

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CP DM D Y = 0.0121x + 0.4594 0.303 0.026

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NDF DM D Y = -0.0004x + 0.5303 0.030 0.832

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ADF DM D Y =- 0.0033x + 0.6039 0.125 0.368

DM OM D Y = 0.0047x + 0.0836 0.095 0.494

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OM OM D Y = -0.0011x + 0.6172 0.024 0.864

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CP OM D Y = 0.0122x + 0.4733 0.293 0.031

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NDF OM D Y = -0.0006x + 0.5597 0.045 0.746

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ADF OM D Y = -0.0039x + 0.6362 0.142 0.304

r : Correlation co-efficient

P : Probability

                  DM D : In vitro enzymatic dry matter digestibility

                  OM D : In vitro enzymatic organic matter digestibility

region of Limpopo province (mean of the three chief

areas). In vitro DM digestibility was poorly but
positively correlated with DM (r = 0.102), OM (r =

0.03), CP (r = 0.303), NDF (r = 0.03) and ADF (r =
0.125) contents of the grasses. Similarly, OM

digestibility was poorly correlated with DM (r =
0.095), OM (r = 0.024), CP (r = 0.293), NDF (r =

0.045) and ADF (r = 0.142) contents of the grass
species.

Discussion:

4.1 Effect of Chief Area on Chemical Composition
and in Vitro Digestibility of Some Common Browses

and Grasses in the Capricorn Region of Limpopo
Province: The feed value of forages for ruminant

livestock depends on the balance between nutritive
components of the plants, the digestibility of such

nutrients and the quantity of the nutrients ingested by
the animal. The chemical composition and in vitro DM
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and OM digestibilities can vary within forage of the
same species . Soil (nutrient status, pH) and[59]

environmental factors (climate, rainfall, season,
temperature); and plant maturity have influence on
chemical composition and in vitro digestibility in
forages . In this trial, although the soil type,[32,56,59]

rainfall and temperature data of the areas are within
similar ranges . there were significant differences in[27]

chemical composition and in vitro digestibility of the
forage species when compared across all three chief
areas. This observation concurred with Ibrahim et
al., , Teferedegne . and Valante et al., . who[32] [56] [59]

reported that environmental differences influence the
chemical composition and digestibility of forages grown
in different areas and harvested at the same age of
maturity. They attributed the differences to soil and
environmental factors. Our results however differed
from Makkar and Becker . who reported no[37]

significant differences in the crude protein values of
forages obtained from Himalayan and African regions. 
The differences observed in the concentrations of total
phenolics of the browse species in the three chief areas
might be due to soil type and environmental conditions
and this agrees with Makkar and Becker . who[37]

reported that the levels of total phenolics and biological
value of tannins as protein precipitated were
significantly higher for African than Himalayan forages.

4.2 Effect of Species on Chemical Composition and
in Vitro Digestibility of Forages: Crude protein
contents of the browse species ranged from 10 to 14
%, a range within values observed by Aganga et al. .[2]

and Lukhele and Van Ryssen . for A. karroo, A.[35]

rehmanniana, D. cinerea and P. africanum . However,
Ngwa et al. . reported a higher CP value for A.[49]

karroo (19.32 %). The differences observed may be
due mainly to influence of genotype . and growth[58,39,45]

environment .[60]

The CP values of C. dactylon, D. eriantha, P.
maximum and T. triandra are similar to values reported
by Mwilawa et al . Angel and Ramirez .  Crude[47] [5]

protein values for the browse in the study area were
higher than CP values in grass species . Crude protein[11]

is important for ensuring survival and development of
ruminants and CP content should be high in the diet to
meet the requirements of animals for different
physiological functions. In this trial, the CP content of
grass and browse species inclusive ranged between 2
to 14 %. Except for the CP of the browse species, the
CP of some grass species was lower than that proposed
to meet the minimum requirements for growth (113 g/
kg DM) and lactation (120 g/ kg DM) in ruminants .[7 ]

Forages with high crude protein content tend to have
high intake .[44]

The variation in the CP of the different forage
species concurred with the report of Cameron, .[23]

Boitumelo and Mahabile,  Norton and Poppi,[21] [50]

Mupangwa et al., . Murphy and Collucci, . for[45] [46]

forages. Reasons for the variability might be due to
any of the following factors; influence in agronomic
and genotype of forage species and/or varieties,
respond to climatic environment in which they grow,
even if under similar soil fertility and stage of maturity
at harvest.

Acid detergent fibre values for P. africanum and
A. karroo are similar to the findings of Aganga et al. .[3]

and Lukhele and Van Ryssen . Variation in ADF[35]

among different forages might also be due to the
influence of genotype and growth environments .[58,39,45,60]

Fibre fractions (ADF and NDF) describe those forage
components that have low solubility in a specific
solvent systems and are relatively less digestible than
starch . Detergent fibre fractions are negatively[60,61]

correlated to voluntary DM intake for forages and
consequently, high ADF and NDF contents reduces
digestibility of forages .[34]

There were no significant differences in total
phenolics values between browse species. Total
phenolic values ranged from 1.14 to 2.09 % and these
values were higher than the range observed by Aganga
et al. . for P. africanum . Grass species had no total[3]

phenolics. Literature information on total phenolic
contents of grass species is limited .[40]

In vitro dry matter digestibility contents of some
browses ranged from 0.36 to 0.47. DMD for A.
rehmanniana is similar to the ranged observed by
Aganga et al. . however, Aganga et al. . had higher[2] [3]

values for A. karroo and P. africanum.  Lower
digestibility in browses may be due to the tannin
content .[46]

DMD values of browses in the study are lower
than those of grasses. The grass species had DMD
values that ranged from 0.42 to 0.58 and these values
are similar to those reported by Walton, Crowder and
Chheda . Skerman and Riveros for D. eriantha and P.[25]

maximum.  However, Mwilawa et al. . Angel and[48]

Ramrez . observed higher values than those obtained[5]

in this study for C. dactylon; D. eriantha and T.
triandra. The grass species had DMD values that
ranged from 0.43 and 0.60 and these are lower than
values reported  by Angel and Ramirez . Mwilawa et[5]

al. . for C. dactylon and T. triandra, respectively.[48]

Information on in vitro enzymatic degradability of these
species is limited . however, it was observed that in[46]

vitro OM digestibility of the browse species was lower
than those of grasses.

4.3 Prediction  of  in Vitro Dry  Matter and 
Organic  Matter  Digestibilities from Dry  Matter,
Organic M atter, Crude  Protein, Neutral  Detergent
Fibre, Acid  Detergent Fibre and Total Phenolics of
Some Common Browses and Grasses: Correlation
analysis provides a measure of the degree of
association between variables. In the present study,
correlation analyses were used to establish relationships
between chemical composition parameters and in vitro
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enzymatic digestibility values of some common forages

(browse and grass species) in the three Chief areas of
Capricon region, Limpopo province. The correlation

coefficients between in vitro enzymatic DM and OM
digestibilities and DM, OM, CP, NDF and ADF

contents of grass species were low. Indeed, grass
species of similar in vitro enzymatic DMD or OMD

gave dissimilar DM, OM, CP, NDF and ADF contents.
These results show that DM, OM, CP, NDF and ADF

contents have poor capacity to predict in vitro
enzymatic DM and OM digestibilities of forages.

The digestibility of cellulosic carbohydrates was so
variable that the ADF and NDF were not well related

to in vitro enzymatic DM and OM digestibilities of the
forages. This may be due to the different environmental

factors promoting lignification as opposed to cell wall
content . Barber et al. . and Givens et al. .[61] [18] [31]

reported that DM, OM, CP, NDF and ADF
measurements of forages provided no indication of

forage digestibility. Van Soest . had earlier showed[60]

that ADF and NDF were negatively and significantly

correlated to intake and digestibility of forages. The
explanation was that NDF and ADF are analytical

products having nutritional characteristics that describe
forage components that have low solubility in specific

systems and are relatively less digestible than starch.
Similarly, Linn and Kuehn . found that high ADF and[34]

NDF contents reduced digestibility of plants and could
be used to predict net energy content.

Acacia trees are widespread and widely utilized by
ruminant livestock in Limpopo province however, have

polyphenolics that include tannins. The nutritional
effects of tannins are associated with their ability to

bind proteins, carbohydrates and minerals with an
overall effect of lowering the bio-availability of

nutrients at specific sites in the gastro-intestinal
tract . However, in the present study, total phenolic[26,22 ,4]

contents did not provide a reliable indication of DMD
and OMD of the Acacia species. Similarly, DM, OM,

CP, NDF and ADF contents provided no reliable
correlation of in vitro enzymatic DM and OM

digestibilities of the browses. These observations
suggest that in vitro enzymatic DM and OM

digestibilities have limited potential in predicting the
nutritive quality of browse species. Our observation

supports Barman and Rai . who observed reduced in[19]

vitro nutrient digestibility due to the presence of a

metabolites of tannin in Acacia nilotica, but differ from
Mashamaite . who reported that DMD in rabbits’ diet[41 ]

could accurately be predicted by total phenolic contents
of leaves of Acacia species.

Conclusion: In vitro degradation of forages . and[60]

feeds . are used based on their ability to accurately[43]

reflect in vivo intake and digestibility of forages .[14,15]

and feeds .[20,10,12]

Results of the present study indicate that there

were significant differences in chemical composition

and in vitro enzymatic digestibility of forage species

when compared across the three chief areas although

the soil and environmental factors are not significantly

different. Soil type, rainfall and temperature data of the

three chief areas are within similar ranges.

The CP content of six browse species did not vary

significantly but their CP was higher than those of the

grass species. This was expected because grass species

are generally, low in CP content . Neutral detergent[15 ]

fibre of the six browse species were within the same

range and it was expected to be digestible. Also NDF

contents of the grass species fall within the range,

however, intake and digestibility were limited. The

variation of ADF and NDF values among the different

forage species might possibly be due to genetics and

growth environments. 

The browse species showed no significant

variations in total phenolics. Their values were within

a range considered low and therefore nutritionally safe.

In vitro enzymatic digestibility values differed among

the forage species. The reason for variability could be

genetic, environmental and stage of maturity at harvest.

The correlation coefficients between in vitro enzymatic

DM and OM digestibilities; and DM, OM, CP, NDF

and ADF contents of the grass species were low.

Indeed, grass species of similar in vitro enzymatic

DMD or OMD gave dissimilar DM, OM, CP, NDF

and ADF contents. In conclusion, these results show

that DM, OM, CP, NDF and ADF contents have poor

capacity to predict in vitro enzymatic DM and OM

digestibility of forage. Total phenolic contents provided

no reliable indication of in vitro DM and OM

digestibilities, thus suggesting that in vitro DM and

OM digestibilities have limited potential for predicting

the forage quality of the grass and browse species in

the three chief areas of Capricorn Region, Limpopo

province, South Africa. Only total phenolics were

analyzed in the leaves of forages, it is hereby

suggested that other types of tannins assayed be used,

since this may improve our understanding of these

forages in relation to their nutritive values.
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