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and cellulose were recorded for S. lancea compared 
to S. pyroides. The highest (P < 0.05) crude protein 
(CP) content (P < 0.05) was produced in summer. 
The lowest (P < 0.05) NDF, ADF, ADL, and cellu-
lose (P < 0.05) was in the summer season, compared 
to other seasons. Within each species, both species 
had the lowest (P < 0.05) NDF and ADL in sum-
mer. There was no variation (P > 0.05) in the content 
of ADL, cellulose, and hemicellulose between spe-
cies in each season. Saponins were highly present in 
all seasons of both extracts in S. lancea, while they 
were moderately present in S. pyroides. Phlobatan-
nins were moderately present in the methanol extract 
while absent in the water extract in all seasons. 
Searsia pyroides had the lowest (P < 0.05) total phe-
nolic, total tannins and condensed tannins (CT) con-
tent compared to S. lancea. The highest (P < 0.05) 
IVDMD was recorded for S. pyroides at 36 and 48 h 
in all seasons. Both species have potential to be used 
as feed due to high CP and low fibre. However, in all 
seasons, these species had the highest CT concentra-
tion, which may reduce their feeding value when CTs 
are not deactivated.
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Abstract  The study was carried out to assess sea-
sonal variation in the proximate principles, second-
ary metabolites, and in  vitro dry matter degrada-
bility (IVDMD) of Searsia species. The leaves of 
Searsia lancea and Searsia pyroides were harvested 
during the autumn, winter, spring, and summer sea-
sons. Samples were analysed for proximate princi-
ples, qualitative and quantitative secondary metabo-
lites, and IVDMD. Solvents (methanol and distilled 
water) were used to prepare cold extracts for quali-
tative analysis of secondary metabolites. Data were 
analysed using a two-way analysis of variance. The 
lowest (P < 0.05) neutral detergent fibre (NDF), acid 
detergent fibre (ADF), acid detergent lignin (ADL), 

O. Hawu (*) · H. K. Mokoboki · C. K. Lebopa · 
K. E. Ravhuhali 
Department of Animal Science, Faculty of Natural 
and Agricultural Sciences, School of Agricultural 
Sciences, North-West University, Mmabatho 2735, 
South Africa
e-mail: onkehawu97@gmail.com

O. Hawu · H. K. Mokoboki · C. K. Lebopa · 
K. E. Ravhuhali 
Food Security and Safety Niche Area, Faculty of Natural 
and Agricultural Sciences, North-West University, 
Mafikeng 2745, South Africa

Z. Mkhize 
Department of Chemistry, Faculty of Natural 
and Agricultural Sciences, School of Chemical 
and Physical Sciences, North-West University, 
Mmabatho 2735, South Africa

http://crossmark.crossref.org/dialog/?doi=10.1007/s10457-025-01176-x&domain=pdf


	 Agroforest Syst (2025) 99:7979  Page 2 of 14

Vol:. (1234567890)

Introduction

Ruminants in developing countries are kept for a 
variety of reasons, such as improving food security 
in households, revenue generation, eradication of 
poverty, and maintenance of the welfare of people 
(Mapiye et  al. 2020; Nyambali et  al. 2023). Despite 
their importance, farmers in semi-arid regions are 
frequently faced with feed shortages, which limit the 
productivity of ruminants. This becomes more severe, 
particularly during the dry season when the little 
accessible natural grass pastures are fibrous and the 
crude protein (CP) content depreciates, thus nega-
tively affecting voluntary intake, digestibility or deg-
radability, and reproductive performance (Mthi et al. 
2021; Hawu et  al. 2022). Moreover, grazing lands 
in semi-arid areas are degrading quickly due to sev-
eral factors, such as climate change and overgrazing, 
and there may be excessive soil erosion (Sibiya et al. 
2023). Consequently, this requires ruminant nutrition-
ists to explore abundant and easily accessible substi-
tutive fodder resources, as conventional diets and cul-
tivated forage legumes tend to be expensive.

Fodder tree species such as S. pyroides and S. lan-
cea are common in semi-arid rangelands of the North 
West Province, South Africa, especially in the Ngaka 
Modiri Molema and Bojanala districts. These are 
used as feed for animals, whereby they are cut and 
fed to livestock (Mudau et al. 2022; Phiri et al. 2022). 
In general, certain fodder tree species can maintain 
adequate essential nutrients during critical seasons of 
the year compared to natural grass pastures, although 
they may contain antinutritional compounds (second-
ary metabolites) that can hinder their use (Ravhuhali 
et al. 2020; Njidda and Al-Habib 2021). Historically, 
these compounds have been introduced into the phar-
maceutical industries for the creation of safe and 
cost-effective medications (Hlophe and Bassey 2023). 
Secondary metabolites of tree species are produced 
by trees for survival and protection against insects 
and browsing animals (Djmouai et al. 2016). Second-
ary metabolites such as tannins, flavonoids, steroids, 
saponins, and phenols demonstrate anti-bacterial, 
anti-oxidant, and anti-inflammatory properties, mak-
ing them valuable in the nutraceutical or pharmaceu-
tical industries for livestock and humans (Sukhadiya 
et al. 2021; Azhar et al. 2024; Malek et al. 2023).

Although fodder trees contain high levels of 
nutrients and secondary metabolites, they differ in 

the quantity and quality of nutrients and secondary 
metabolites that they provide to livestock. The nutri-
tive value and secondary metabolites of fodder trees 
differ owing to different species, browsing pressure, 
environmental factors such as season, altitude, and 
soil type (Mudau et al. 2021; Singh et al. 2022; Malek 
et  al. 2024a). Seasonal dynamics subject plants to 
varying temperatures and precipitations, which affects 
not only the nutritional value but also its secondary 
metabolites (Gololo et al. 2016; Malek et al. 2024b). 
The influence of seasonal variation or dynamics on 
the nutritive value of the fodder trees and the second-
ary metabolites gives critical information on the best 
season or time to harvest each feed tree for optimal 
production (Ramasar et  al. 2022; Ravhuhali et  al. 
2022).

In this study, we hypothesised that seasonal vari-
ation will influence the concentration of nutrients, 
secondary metabolites, in vitro dry matter degradabil-
ity of Searsia species found in grazing lands of South 
Africa. Previous studies (Mudau et  al. 2021, 2022; 
Monegi et al. 2023) assessed the nutritional value and 
secondary metabolites of Searsia species; however, 
there is a lack of information on variations in nutri-
tional value and secondary metabolites of Searsia 
species due to seasonal change. Our objective was 
to assess seasonal variation in proximate principles, 
qualitative and quantitative secondary metabolites, 
and in vitro dry matter degradability of Searsia spe-
cies leaves found in rangelands of South Africa. This 
paper will bring crucial information to local farm-
ers about the nutritional and secondary metabolites’ 
dynamics of Searsia species, and this information 
will be used when selecting an appropriate season 
to harvest a specific species for utilization as feed 
resource.

Materials and methods

The leaves of S. lancea and S. pyroides were har-
vested at the North-West University experimental 
farm in the North West Province of South Africa 
(25°47 ′27’ S; 25°37′18’ E; altitude (1290  m). The 
area received an average rainfall (autumn—89.5 mm, 
winter—10.2  mm, spring—85.2  mm, sum-
mer—70.8  mm) and an average temperature 
(autumn—10.7  °C (low) and 24.6  °C (high), win-
ter—4.8 °C (low) and 22.2 °C (high), spring—13.7 °C 
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(low) and 29.9 °C (high) and summer—16.2 °C (low) 
and 29.8 °C (high)) in 2022 (South African Weather 
Services). The Searsia species were chosen based on 
abundance around Ngaka Modiri Molema District, 
and we wanted the study to focus on one genus spe-
cies. Sampled trees (5 per species) were selected and 
georeferenced so as to utilise same trees in all the 
seasons. A 2  kg leaf of each marked tree was har-
vested with a proportion of 50:50 mature leaves (dark 
green, fully expanded) and young leaves (lime green, 
soft, immature). The leaves were collected once at 
the end of the first month in each season. The leaves 
were shade dried to prevent phytochemical and nutri-
ent loss for two weeks and then pulverised in a Wiley 
Mill and sieved through a 0.5 mm sieve before stor-
age in sealed containers for analysis.

Proximate principles: One (1) gram of each sam-
ple was weighed into pre-weighed crucibles and put 
in an oven for 12 h at 105  °C, to determine the dry 
matter. The ash was determined by placing the cru-
cibles in a muffle furnace, for 6 h at 550 °C (AOAC 
2012). The filter bags with samples (0.45–0.5 g) were 
put in the ANKOM2000 fiber analyzer (ANKOM 
Technology, Macedon, NY, USA) to determine neu-
tral detergent fibre (NDF) and acid detergent fibre 
(ADF). The same bags used for the determination 
of ADF were subjected to 72% H2SO4 to determine 
acid detergent lignin (ADL) (Van Soest et al. 1991). 
The standard macro Kjeldahl method was used to 
determine total nitrogen (N), and the percentage 
of N was multiplied by a 6.25 factor to determine 
crude protein (CP) (AOAC 2012). The ether extract 
(EE) was determined using the AnkomXT10 extractor 
(ANKOM Technology, Macedon, NY, USA) (AOAC 
2012). The hemicellulose and cellulose content were 
calculated using NDF-ADF = hemicellulose  and 
ADF-ADL = cellulose.

Presence or absence of qualitative secondary 
metabolites: About 10  g of ground Searsia spe-
cies was weighed in separate 250  ml conical flasks, 
and then 100 ml of each solvent (methanol, distilled 
water) was added to the flasks and closed with para-
film (Bemis, Brampton, ON, Canada). The flasks 
were stored at room temperature for 7  days and 
shaken every day for 10–15  min. After 7  days, the 
extracts were vacuum filtered and air dried at room 
temperature in a Petri dish using Macherey–Nagel 
No.1 filter paper, as demonstrated by Mudau et  al. 
(2022).

The crude extract (0.5 g) was dissolved with dis-
tilled water (10  ml) in a test tube and shook. The 
highest concentration level of saponins was deter-
mined using the highest stable foam layer, and the 
lowest concentration level of saponins was deter-
mined using the lowest stable foam layer. Any con-
centration that was not high or low was referred to as 
moderate (Kokate 1999). An extract solution (2  ml) 
was mixed with 2 ml of 2% ferric chloride solution, 
and the strongest colouration observed (blue-green or 
black) indicated the high presence of phenols and tan-
nins. An extract (2 ml) was mixed with 2 ml of acetic 
anhydride and concentrated sulphuric acid. The high 
presence of terpenoids was indicated by the strong-
est formation of a blue-green ring (Djmouai et  al. 
2016). A 2  ml of glacial acetic acid with 1 drop of 
ferric chloride solution was mixed with extract (5 ml) 
and 1  m concentrated sulphuric acid. The presence 
of cardiac glycosides was revealed by a brown ring 
formed at the interface (Kardong et  al. 2013). An 
extract solution (5 ml) was mixed with 2 ml of chlo-
roform and 3 ml of concentrated sulphuric acid was 
added to form a layer. The presence of steroid was 
shown by the presence of a red colour on the lower 
surface (Kardong et al. 2013). An extract (2 ml) was 
mixed with 1 ml 2N sodium hydroxide to test for fla-
vonoids. The highest concentration was shown by the 
strongest yellow fluorescence (Sorescu et  al. 2018). 
An extract (1 ml) was treated with 1% aqueous hydro-
chloric acid. The highest presence of phlobatannins 
was determined by the strongest appearance of a red 
precipitate (Sorescu et  al. 2018). An extract (1  ml) 
was mixed with a few drops of 10% ammonia solu-
tion. The absence of anthraquinone was shown by the 
absence of a bright pink colour in the aqueous layer 
(Sorescu et al. 2018). In 1 ml of an extract, 5 ml of 
1% hydrochloric acid was added. The absence of 
anthocyanosides was shown by the non-occurrence of 
pink colour in the aqueous layer (Sorescu et al. 2018).

Concentration of quantitative secondary metab-
olites: In a 25  ml glass beaker, 200  mg of Searsia 
species material was added, followed by adding 
10 ml of 70% acetone, and the beaker was taken to 
an ultrasonic water bath for approximately 20  min 
at room temperature (Makkar 2003). After that, the 
contents in the glass beaker were transferred into 
centrifuge tubes so they can undergo centrifuge 
process. This took 10 min using speed of 3000 rpm 
at 4  °C. The supernatant was then transferred to 
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test tubes while the solids remained in the centri-
fuge tubes. The test tubes containing the super-
natant were stored in ice for further analysis. The 
Folin–Ciocalteau method was used to determine TP, 
which was expressed as tannic acid equivalent (g/
kg DM) (Makkar 2003). Polyvinyl-pyrrolidone was 
used to bound tannins to determine TTs (Makkar 
2003). The amount of TTs in the extract was deter-
mined by subtracting the amount of simple phenols 
from the amount of TP. The Butanol-HCL method 
was used to determine CT, which was expressed as 
leucocyanidin equivalent (g/kg DM) (Porter et  al. 
1986).

In vitro dry matter degradability: The ANKOM 
DaisyII incubator (ANKOM Technology Corp., Fair-
port, NY) with four rotating jars was used to run the 
in  vitro ruminal dry matter degradability (ANKOM 
2005). Ground samples (0.45–0.5  g) were weighed 
into ANKOM F57 filter bags, which were heat sealed 
and placed in digestion jars filled with pre-warmed 
buffer solutions (39 °C) (1600 ml). The rumen inoc-
ulum was obtained early in the morning through a 
cannula, prior feeding, from a rumen-fistulated Bons-
mara cow that was fed Lucerne and blue buffalo grass 
daily. Rumen fluid was placed in a pre-warmed ther-
mos flask under a stream of carbon dioxide and trans-
ferred to the laboratory, where it was mixed and fil-
tered through two layers of warm cheesecloth before 
being added to the jars (400 ml/jar). After that, each 
jar was purged with carbon dioxide and sealed before 
being incubated at 39 °C in the ANKOM chamber. To 
measure DM degradability, filter bags were removed 
at 12, 24, 36, 48, and 72 h after inoculation and sam-
ple bags were rinsed with cold running water for 
20  min and dried at 105  °C. The following formula 
was used to calculate the IVDMD.

where; W1 = bag tare weight, W2 = sample weight, 
W3 = final bag weight after in  vitro trial, and 
C1 = blank bag correction factor (final oven-dried 
weight ÷ original blank bag weight).

The fistulated animal was cared for in accordance 
with the institutions and the Federation of Animal 
Science Societies’ (FASS 2010) guidelines for the 
care and use of agricultural animals in research and 
teaching.

%IVDMD =
100 − (W3 − (W1 × C1))

W2 × DM
× 100

Statistical analysis: Data were subjected two-way 
analysis of variance (SAS 2010) to determine signifi-
cance due to species and season. The following GLM 
procedure for nutritive value was used.

where; Yijk—The response variable, µ—The over-
all mean, Si—Season effect (i = autumn, winter, 
spring, summer), Dj—Species effect (k = S. lancea, S. 
pyroides), (SD)ij – the interaction effect between sea-
son and species, Eijk—Random error.

For statistical tests, significance was declared at 
P  < 0.05. Least square means were compared using 
the probability of difference option.

Results

There was a significant among species for crude pro-
tein (CP), ash, ether extract (EE), neutral detergent 
fibre (NDF), acid detergent fibre (ADF), acid deter-
gent lignin (ADL) and cellulose while there was 
non-significant effect of species on dry matter (DM) 
and hemicellulose (Table  1). Searsia pyroides had 
higher (P < 0.05) ash content (90.8  g/kg DM) and 
CP content (128.7  g/kg DM) than S. lancea. The 
lowest (P < 0.05) NDF, ADF, ADL and cellulose 
were recorded for S. lancea when compared to S. 

Yijk = � + Si + Dj + (SD)ij + Eijk

Table 1   Variation in proximate principles (g/kg DM) in leaf 
fodder of Searsia species

a, b means in rows with different superscripts differ (P < 0.05), 
DM dry matter, EE ether extract, CP crude protein, ADF acid 
detergent fibre, NDF neutral detergent fibre, ADL lignin deter-
gent fibre, Hemicel: hemicellulose, SE standard error, P val-
ues: probability values

Parameters Species SE P values

S. lancea S. pyroides

DM 958.7a 956.7a 1.13 0.2127
Ash 86.6b 90.8a 1.01 0.0067
EE 51.3a 45.9b 0.59 0.0001
CP 115.9b 128.7a 0.24 0.0001
NDF 385.3b 395.2a 1.20 0.0001
ADF 274.7b 282.1a 1.00 0.0001
ADL 104.7b 107.9a 0.67 0.0026
Cellulose 169.9b 174.2a 1.31 0.0249
Hemicel 110.5a 113.1a 1.52 0.2570
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pyroides. Hemicellulose and DM content did not dif-
fer (P > 0.05) among the species. There was a signifi-
cant effect of season on proximate principles of Sear-
sia species (Table 2). Among the seasons, winter had 
the highest (P < 0.05) ash content (104.1  g/kg DM). 
The lowest (P < 0.05) EE content was produced in 
winter. The highest (P < 0.05) CP content (132.0 g/kg 
DM) was produced in summer. The lowest (P < 0.05) 
NDF, ADF, ADL and cellulose content was in sum-
mer season, when compared to other seasons. There 
was a significant effect of season*species interaction 
on DM and CP while there was non-significant effect 
of season*species interaction on ash, EE NDF, ADF, 
ADL, hemicellulose and cellulose (Tables  3 and 4). 
Within each species, S. pyroides in winter and autumn 
recorded the highest (P < 0.05) ash content (107.0 and 
99.8  g/kg DM, respectively). Within each species 
both species had the highest (P < 0.05) CP content in 
summer among all seasons, whereas within each sea-
son S. pyroides had the highest CP content in sum-
mer when compared to other species in the same sea-
son. Within each species, both species had the lowest 
(P < 0.05) NDF and ADL in summer. There was no 
variation (P > 0.05) in ADL, cellulose and hemicellu-
lose content among species in each season.

Data on seasonal variation of the qualitative sec-
ondary metabolites of Searsia species are presented 
on Tables 5 and 6. Phenols and tannins were highly 
present in autumn and winter from methanol extract. 
Saponins were highly present in all seasons from both 
extracts in S. lancea while were moderate present in 
S. pyroides. Terpenoids were highly present in all 
seasons from methanol extract. Anthraquinones and 
anthocyanosides were absent from both extracts in all 
seasons. Phlobatannins were moderately present from 

methanol extract while absent from water extract in 
all seasons. There was a significant variation in phe-
nol and tannins content of Searsia species (Table 7). 
Searsia pyroides had the lowest (P < 0.05) total phe-
nolics (TP) (11.8 g/kg DM), total tannins (TT) (4.3 g/
kg DM) and condensed tannins (CT) (88.0 g/kg DM) 
content compared to S. lancea. There was a signifi-
cant effect of season on phenol and tannins content 
of Searsia species (Table 8). Summer fodder showed 

Table 2   Effect of seasonal 
on proximate principles (g/
kg DM) of Searsia species

a ,b,c,d means in rows with 
different superscripts differ 
(P < 0.05), SE standard 
error, P values: probability 
values

Parameters Seasons SE P values

Autumn Winter Spring Summer

DM 954.0c 948.7d 961.5b 966.7a 1.59 0.0001
Ash 98.3b 104.1a 83.7c 68.5d 1.44 0.0001
EE 45.3c 33.5d 54.9b 60.7a 0.83 0.0001
CP 117.7c 112.5d 127.0b 132.0a 0.33 0.0001
NDF 397.8b 410.8a 383.0c 369.3d 1.70 0.0001
ADF 285.8b 308.0a 264.4c 255.4d 1.41 0.0001
ADL 110.8b 115.4a 102.9c 96.1d 0.95 0.0001
Cellulose 175.0b 192.7a 161.5c 159.2c 1.85 0.0001
Hemicel 112.0b 102.8c 118.6a 113.9ab 2.14a 0.0001

Table 3   Effect of species*season interaction on in vitro proxi-
mate principles (g/kg DM) of Searsia species

A ,B means in rows with different upper-superscripts differ 
(P < 0.05). a,b,c,d means in columns with different lower-super-
scripts differ (P < 0.05), SE standard error, P values: probabil-
ity values

Parameters Seasons Species SE P values

S. lancea S. pyroides

DM Autumn 957.0Abc 950.9Abc 2.25 0.0001
Winter 948.4Ac 949.0Abcd

Spring 968.2Aa 954.9Bb

Summer 961.3Bab 972.1Aa

Ash Autumn 96.9Aa 99.8Aa 2.03 0.8695
Winter 101.2Aa 107.0Aa

Spring 82.2Ab 85.3Ab

Summer 66.2Ac 70.0Ac

EE Autumn 47.1Ac 43.4Ab 1.48 0.3251
Winter 35.6Ad 31.4Ac

Spring 57.9Ab 52.0Ba

Summer 64.6Aa 56.9Ba

CP Autumn 112.0Bc 123.3Acd 0.47 0.0001
Winter 103.2Bd 121.9Ad

Spring 121.5Bb 132.5Ab

Summer 126.9Ba 137.1Aa
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the lowest (P < 0.05) TP, TT and CT content com-
pared to other seasons. There was a significant effect 
of species*season interaction on phenol and tannins 
of Searsia species (Table 9). Searsia pyroides had the 
lowest (P < 0.05) total phenolics (TP) (6.3 g/kg DM) 
total tannins (TT) (1.7 g/kg DM) and condensed tan-
nins (CT) content (62.2 g/kg DM) in summer across 
all seasons.

There was a significant among two species 
for in  vitro dry matter degradability (IVDMD) 
(Table  10). Searsia pyroides had the highest 
(P < 0.05) IVDMD from 12 up 48 h. There was a sig-
nificant effect of season on in vitro dry matter degra-
dability (IVDMD) (Table 11). Summer produced the 
highest (P < 0.05) IVDMD from 12 up 48  h. There 
was non-significant effect of season*species inter-
action from 12 up to 48  h (Table  12). The highest 
(P < 0.05) IVDMD from 36 and 48 h was recorded for 
S. pyroides in all seasons.

Discussion

In the current study, there was notable variation in 
nutritive value parameters due to different species and 
seasons. The CP content in Searsia species in winter 
decreased, and the decrease in CP content in the cur-
rent study was consistent with the study by Naumann 
et  al. (2017) for different woody tree species, which 

Table 4   Effect of species*season interaction on fibre fractions 
(g/kg DM) of Searsia species

A ,B means in rows with different upper-superscripts differ 
(P < 0.05). a,b,c,d means in columns with different lower-super-
scripts differ (P < 0.05), SE: standard error, P values: probabil-
ity values

Parameters Seasons Species SE P values

S. lancea S. pyroides

NDF Autumn 392.9Ab 412.0Ab 2.41 0.3161
Winter 406.9Aa 414.7Aa

Spring 375.4Bcd 390.7Ac

Summer 365.8Ad 372.7Ad

ADF Autumn 280.1Bb 291.5Ab 2.00 0.4502
Winter 305.3Aa 310.7Aa

Spring 261.2Acd 267.7Acd

Summer 252.1Ad 258.6Ad

ADL Autumn 107.7Aa 112.8Aa 1.35 0.7867
Winter 114.5Aa 116.1Aa

Spring 101.4Ab 104.4Ab

Summer 94.3Ac 98.0Ac

Cellulose Autumn 171.4Abc 178.7Ab 2.61 0.8291
Winter 190.8Aa 194.6Aa

Spring 159.8Acd 163.3Acd

Summer 157.8Ad 160.6Ad

Hemicel Autumn 112.8Aa 111.1Aa 3.03 0.3568
Winter 101.5Aa 104.0Ab

Spring 114.2Aa 123.0Aa

Summer 113.7Aa 114.1Aa

Table 5   Seasonal variation in qualitative secondary metabolites (saponins, phenols, tannins, phlobatannins and terpenoides) of 
Searsia species using methanol and distilled water

 + + + : highly present, + + : moderately present, + low present, −: absent

Species Saponins Phenols Tannins Phlobatannins Terpenoids

Methanol Water Methanol Water Methanol Water Methanol Water Methanol Water

Autumn
S. pyroides  + +   + +   + + +   + +   + + +   + + +   + +  −  + + +   + + 
S. lancea  + + +   + + +   + + +   + +   + + +   + +   + +  −  + + +   + + 
Winter
Pyroides  + +   + +   + + +   + +   + + +   + +   + +  −  + + +   + + 
S. lancea  + + +   + + +   + + +   + +   + + +   + +   + +  −  + + +   + + 
Spring
Pyroides  + +   + +   + +   + +   + +   + +   + +  −  + + +   + + 
S. lancea  + + +   + + +   + + +   + +   + + +   + + +   + +  −  + + +   + + 
Summer
Pyroides  + +   + +   +   +   +   +   + +  −  + + +   + + 
S. lancea  + + +   + + +   + +   + +   + +   + +   + +  −  + + +   + + 
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included S. lancea. This was ascribed to low rainfall 
and temperature, as these factors limit photosynthe-
sis, and thereby a little forage yield is produced with 
low CP content (Ravhuhali et al. 2022). In the present 
study, the CP content (103.2 g/kg DM) of S. lancea 
during the winter season was consistent with the CP 
content (104 g/kg DM) reported by Phiri et al. (2022) 

for the similar season. Except for S. lancea in autumn 
and winter, Searsia species in the current study 
exhibited a CP content higher than the minimum of 
113 and 120 g/kg necessary for ruminant growth and 
lactation (ARC 1984). In general, the CP content of 
both species in all seasons was higher than 80  g/kg 
needed for optimum rumen function (Orskov 1982) 
and the minimum of 85 g/kg DM per day for mainte-
nance of goats (NRC 2000). The current study’s find-
ings on Searsia species advocate that these species 
can be added to ruminants’ feeds as a protein supple-
ment to low-quality grasses, crop residues, and straws 
due to their high CP content. There may be a need 
to harvest foliage during summer and spring to cover 
those seasons (autumn and winter) where the CP con-
tent is low.

In the current study, the ash content of S. lancea 
(64.4  g/kg DM) and S. pyroides (70.0  g/kg DM) 
obtained in summer was similar to S. lancea (60.7 g/
kg DM and S. pyroides (69.4 g/kg DM) reported by 

Table 6   Seasonal variation in qualitative secondary metabolites (steroids, glycosides, flavonoids, anthraquinones and anthocyamo-
sides) of Searsia species using methanol and distilled water

Species Steroids Glycosides Flavonoids Anthraquinones Anthocyanosides

Methanol Water Methanol Water Methanol Water Methanol Water Methanol Water

Autumn
S. pyroides  + +   + +   + +   +   +   +  − − − −
S. lancea  + +   + +   + + +   + +   + +   +  − − − −
Winter
S. pyroides  + +   + +   + +   +   + +   +  − − − −
S. lancea  + +   + +   + + +   + +   + +   +  − − − −
Spring
S. pyroides  + +   + +   + +   +   + +   +  − − − −
S. lancea  + +   + +   + +   + +   + +   + +  − − − −
Summer
S. pyroides  + +   + +   +   +   + + +   + + +  − − − −
S. lancea  + +   + +   + +   +   + + +   + + +  − − − −

Table 7   Variation in phenol and tannins (g/kg DM) in leaf 
fodder of Searsia species

a ,b means in rows with different superscripts differ (P < 0.05), 
TP total phenolics, TT total tannins, CT condensed tannins, SE 
standard error, P values probability values

Parameters Species SE P values

S. lancea S. pyroides

TP 13.3a 11.8b 0.03 0.0001
TT 5.0a 4.3b 0.04 0.0001
CT 97.6a 88.0b 0.74 0.0002

Table 8   Effect of season on phenol and tannins (g/kg DM) of Searsia species

a ,b,c means in rows with different superscripts differ (P < 0.05), SE standard error, P values: probability values

Parameters Seasons SE P values

Autumn Winter Spring Summer

TP 13.9b 19.1a 10.0c 7.4d 0.05 0.0001
TT 5.0b 7.8a 3.5c 2.3d 0.06 0.0001
CT 104.2b 115.7a 85.3c 66.1d 1.04 0.0001
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Mudau et  al. (2021) for the same season. The ash 
content (inorganic matter) of these species provides 
an overall reflection of the mineral content of these 

species, which is essential for healthy and productive 
ruminants (Rambau et  al. 2016; Msiza et  al. 2021). 
The ash content was higher in winter compared to 
other seasons in this study, and this was in agreement 
with Ravhuhali et  al. (2022). Due to limited water 
availability during this season, plants are challenged 
by drought stress and plants lose water through tran-
spiration (Seleiman et  al. 2021). This further causes 
the minerals stored in the leaves to be more concen-
trated, and thus increasing the ash content (Li et  al. 
2023).

The ether extract indicates the amount of energy 
and is the main form of energy that occurs in plants 
for the production and maintenance of animals. In this 
study, the EE content ranged from 31.4 to 64.6 g/kg 
of DM, and these values were greater than 32.2 and 
28.8 g/kg of DM (S. pyroides and S. lancea, respec-
tively) obtained by Mudau et  al. (2021) during the 
summer season. In the current study, the lowest EE 
content was obtained during the winter season. This 
was ascribed to short day length and lower tempera-
ture during this season, and these factors decrease 
photosynthesis and may lead to lower EE produc-
tion. Moreover, lower temperatures lead to the for-
mation of high phenolic compounds such as tannins 
as defence chemicals, and these compounds bind EE 
making them less obtainable.

Fibre (NDF and ADF) is a parameter of paramount 
importance when selecting and analysing feeds, as 
it is related to digestibility/degradability and volun-
tary feed intake by ruminants. The ADF content of 
the selected fodder trees ranged between 252.1 and 
310.7  g/kg DM, which is within the expected range 
(212–391 g/kg DM) of digestible foliage (Mokoboki 
et al. 2019) and this level of ADF will not negatively 
affect the CP bioavailability. From the current study, 
in winter, the content of NDF (406.9 g/kg of DM) and 
the content of ADF (305.3 g/kg of DM) in S. lancea 
were comparable to the content of NDF (413  g/kg 

Table 9   Effect of species*season interaction on phenol and 
tannins (g/kg DM) of Searsia species

A ,B means in rows with different upper-superscripts differ 
(P < 0.05). a,b,c,d means in columns with different lower-super-
scripts differ (P < 0.05), SE standard error, P values: probabil-
ity values

Parameters Seasons Species SE P values

S. lancea S. pyroides

TP Autumn 14.5Ab 13.3Bb 0.06 0.0001
Winter 19.9Aa 18.2Ba

Spring 10.5Ac 9.4Bc

Summer 8.4Ad 6.3Bd

TT Autumn 5.2Ab 4.7Bb 0.08 0.0023
Winter 7.9Aa 7.7Aa

Spring 3.9Ac 3.2Bc

Summer 2.8Ad 1.7Bd

CT Autumn 106.5Ab 101.9Aa 1.47 0.0005
Winter 123.9Aa 107.4Ba

Spring 90.2Ac 80.3Bb

Summer 69.9Ad 62.2Bc

Table 10   Variation among Searsia species for in  vitro dry 
matter degradability (g/kg)

a ,b means in rows with different superscripts differ (P < 0.05), 
SE standard error, P values: probability values

Incubation 
period

Species SE P values

S. lancea S. pyroides

12 h 267.8b 279.7a 1.64 0.0001
24 h 284.7b 294.2a 1.22 0.0001
36 h 303.2b 322.2a 1.07 0.0001
48 h 328.1b 345.1a 1.08 0.0001
72 h 343.8b 359.7a 1.16 0.0001

Table 11   Effect of season 
on in vitro dry matter 
degradability (g/kg) of 
Searsia species

a ,b,c,d means in rows with 
different superscripts differ 
(P < 0.05), SE standard 
error, P values: probability 
values

Incubation 
period

Seasons SE P values

Autumn Winter Spring Summer

12 h 265.8c 257.6d 280.7b 290.9a 2.33 0.0001
24 h 281.8c 266.7d 299.1b 310.2a 1.72 0.0001
36 h 303.3c 283.9d 324.2b 339.3a 1.51 0.0001
48 h 335.5c 310.5d 343.7b 356.7a 1.53 0.0001
72 h 345.2c 326.0d 360.3b 375.4a 1.64 0.0001
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of DM) and the content of ADF (309  g/kg of DM) 
reported by Naumann et al. (2017) for the same sea-
son. In the present study, the NDF content of Sear-
sia spp. was within the recommended NDF content 
between 300 and 400 g/kg of DM for ruminants, as 
mentioned by Van Saun (2016). Forages with NDF 
content within the mentioned range support optimal 
growth performance by providing adequate fibre for 
rumen health and satiety, while permitting adequate 
energy intake for growth and development of rumi-
nants. Both NDF and ADF were higher in winter 
compared to other seasons. This was ascribed to 
drought stress (low rainfall) and low temperature in 
winter; these factors greatly contribute to fibre, plants 
respond to drought stress by increasing fibre content 
for water conservation and to prevent dehydration 
while low temperature leads to sluggish growth and 
increased fibre.

Acid detergent lignin is a vital contributor to 
plant structure and the main target when examining 
the degradability of forages (Zhong et al. 2021). The 
ADL content in the current study ranged from 94.3 
to 116.1 g/kg DM, and these values were within the 
range of 89–356  g/kg DM reported by Ravhuhali 
et al. (2022) in woody tree species for the winter and 
summer seasons. The ADL content (94.3  g/kg DM) 
for S. lancea obtained in this study during summer 
was similar to 99.7 g/kg DM obtained by Mokoboki 
et  al. (2019) for the same season. The ADL content 
was much higher in winter compared to other sea-
sons, and this could be attributed to low rainfall 
during this season. Narayan et  al. (2023) elucidated 
lignin as a response mechanism to drought stress in 
preventing osmotic stress and thereby loss of water. 
Low rainfall or drought stress promotes lignin to 
maintain rigidity, plant cell integrity, and osmotic 
equilibrium (Liu et al. 2018; Chen et al. 2019; Ahmad 
et al. 2021). A high concentration of lignin is required 
to reduce water permeation and protect plants against 
extreme drought stress (Narayan et al. 2023). Further-
more, plant leaves in winter are normally at maturity 
with a higher concentration of lignin due to sluggish 
growth as a response to water scarcity/ drought stress 
or low rainfall (Chebli et al. 2021; Nunes et al. 2023). 
The high lignin around winter suggests that these spe-
cies may not be digestible properly during this sea-
son, therefore it is advisable to exploit these forages 
during summer for better feeding value. Zhong et al. 
(2021) highlighted that lignin inhibits the enzyme 
activity of rumen microorganisms on lignocellulose, 
and thus affects the digestibility or degradability of 
forage.

Although several methods are used to test the pres-
ence of secondary metabolites, in the current study, 
water and methanol were used as solvents to assess 
the vital secondary metabolites of Searsia species. 
Methanol revealed the presence of several secondary 
metabolites when compared with the water extract. 
Water tends not to dissolve many organic compounds 
faster when it is equated with methanol as a solvent 
(Mudau et al. 2022), while methanol can draw a high 
diversity of secondary metabolites due to its polarity 
(Senguttuvan et al. 2014).

Saponins were highly present in all seasons of 
both extracts in S. lancea, while they were moder-
ately present in S. pyroides. Similarly, to the results 
of Tshidzumba (2018), the leaves of Searsia species 

Table 12   Effect of species*season interaction on in vitro dry 
matter degradability (g/kg) of Searsia species

A ,B means in rows with different upper-superscripts differ 
(P < 0.05). a,b,c,d means in columns with different lower-super-
scripts differ (P < 0.05), SE standard error, P values: probabil-
ity values

Incuba-
tion 
period

Seasons Species SE P values

S. lancea S. pyroides

12 h Autumn 260.3Abc 271.3Abc 3.28 0.9970
Winter 251.6Ac 263.6Ac

Spring 274.5Aab 286.8Aa

Summer 284.8Aa 297.0Aa

24 h Autumn 277.9Ab 285.6Acd 2.44 0.1119
Winter 258.4Bc 275.1Ad

Spring 296.6Aa 301.6Ab

Summer 306.1Aa 314.2Aa

36 h Autumn 292.9Bc 313.8Ac 2.14 0.1320
Winter 273.5Bd 294.4Ad

Spring 317.9Bd 330.4Ab

Summer 328.5Ba 350.0Aa

48 h Autumn 329.9Bc 341.2Ac 2.16 0.1145
Winter 302.3Bd 318.7Ad

Spring 334.6Bbc 352.9Ab

Summer 345.7Ba 367.8Aa

72 h Autumn 340.1Ab 350.3Ac 2.33 0.0204
Winter 319.4Bc 332.6Ad

Spring 352.6Ba 368.0Ab

Summer 362.9Ba 387.8Aa
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tested positive for saponins throughout all seasons, 
with S. lancea containing a high level of saponins. 
Although our study did not quantify saponins, Wang 
et al. (2019) indicated that 9 g of saponins per day can 
modify rumen fermentation and therefore improve 
animals.

Flavonoids were present in all seasons and were 
highly present in summer from both extracts. This 
could be attributed to heat. Mathesius (2018) high-
lighted that the plant secretes flavonoids for UV pro-
tection. Mudau et al. (2022) also reported a high pres-
ence of flavonoids in S. lancea for the same season. 
Although our study did not quantify flavonoids, Liu 
et al. (2023) concluded that 50 mg of flavonoids per 
body weight of dairy cows improved animal health by 
increasing immunity and anti-oxidant capacity.

Phlobatannins were moderately present through 
methanol extraction while absent in water extract 
in all seasons. These results could be influenced by 
the polarity of the water, which was not suitable for 
extracting phlobatannins from Searsia species. Plant 
species containing phlobatannins are normally used 
in traditional medicines to manage wound healing as 
anti-inflammatory and analgesic agents (Hlophe and 
Bassey 2023). Cardiac glycosides were present in 
both Searsia species and in all seasons in the current 
study. Tree species rich in glycosides are important 
as glycosides are known to inhibit Na + /K + -ATPase 
pumping activity and modulate the contractility of 
heart muscle (Škubník et al. 2021).

Terpenoids are known to improve internal resist-
ance to parasites in livestock (Kramer 2014), and also 
possess anti-parasitic, anti-microbial, anti-inflam-
matory and anti-viral activities (Dash et  al. 2022). 
Mudau et al. (2022) found the same concentration in 
the same plant species. In the current study, season 
did not affect the level of steroids, which were pre-
sent throughout all seasons. The same results were 
obtained by Ramasar et al. (2022) in Carissa macro-
carpa. Steroids have anti-inflammatory, hepatopro-
tective, and cytotoxic properties and are considered 
to have an impact on animal health and production 
(Abd’quadri-Abojukoro et al. 2022). Steroids supple-
mented up to 6 μg in a 200 mg diet suppressed detri-
mental rumen fermentation and promoted the release 
of beneficial products, potentially enhancing nutrient 
utilisation and ruminant health (Xi et al. 2014).

Phenols and tannins were highly present in autumn 
and winter from the methanol extract. The tannins and 

phenols in the selected Searsia species were relatively 
low in summer, and this may warrant these species 
being utilised in this particular season, while neutrali-
sation of these compounds can be proposed for other 
seasons as they can pose detrimental effects on live-
stock. Tannins possess anti-bacterial, anti-viral, and 
anti-parasitic effects (Tong et al. 2022), while phenols 
possess anti-oxidants capable of preventing diseases 
such as cancer (Zarfeshany et al. 2014).

There was a significant seasonal variation in the 
total phenolic content of Searsia species, with the 
winter season having a higher concentration of total 
phenolic compared to other seasons; these find-
ings compliment the output of qualitative second-
ary metabolites evaluated in this study. This could 
be ascribed to browsing, water, and thermal (lower 
temperatures) stresses. Due to the high intensity of 
browsing during winter, fodder trees may stimulate 
and secrete defence chemicals as a form of defence 
mechanism in response to browsing (Mudau et  al. 
2022). Low-temperature stress in winter promotes 
the formation of some phenolic compounds through 
glycoside hydrolyses (Mwamatope et  al. 2021). The 
values of this study were lower than those reported by 
Uushona et al. (2023), who reported that higher val-
ues (39.8–53.8 g/kg of DM) are detrimental to rumi-
nants. The same levels of phenol concentration in this 
study were higher than those reported by Ravhuhali 
et  al. (2020). Ravhuhali et  al. (2020) reported an 
acceptable level of 0.71 g/kg DM in S. lancea.

The TT and CT content in Searsia species was 
significantly influenced by the season, with both spe-
cies having a high CT content in winter. Fodder trees 
secrete tannins to protect resources that have already 
been achieved as defence mechanisms, especially 
during the dry season (Top et al. 2017). These results 
are similar to the results reported by Gololo et  al. 
(2016) and Hassen et al. (2017). Large concentration 
of CTs in feeds have been reported to bind to proteins 
to create insoluble tannin-protein complexes (Verma 
et al. 2021). Searsia species had higher CTs than rec-
ommended (20–40 g/kg DM), and the values of this 
study are considered to be disadvantageous since they 
can reduce forage palatability, non-ammonia nitrogen 
flow (affect degradability), animal performance, and 
increase the risks of bloating (Hawu et al. 2022; Pan-
dey et al. 2022).

Searsia pyroides and Searsia lancea had the high-
est in vitro dry matter degradability from 12 to 72 h 
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in summer. This could be attributable to low CTs, 
ADF, and ADL for these species in summer. The 
highest CTs bind to protein and other nutrients, mak-
ing them less accessible to rumen microbes. Further-
more, high CTs may reduce digestive enzymes and 
be harmful to rumen microbes (inhibit their growth), 
and this reduces proteolysis, organic matter, and fibre 
degradation in the rumen (Gebremeskel et  al. 2019; 
Besharati et al. 2022; Loregian et al. 2023). The acid 
detergent fibre is made up of lignin and cellulose that 
are not easily digestible (Washaya et  al. 2018). A 
higher concentration of ADF in forages reduces the 
ability of ruminal microbes to digest nutrients, as it 
acts as a mechanical barrier that restricts the action 
of ruminal microbes, resulting in lower IVDMD com-
pared to forages with low ADF content (Muya et al. 
2020). Ravhuhali et  al. (2020) elucidated lignin at a 
higher concentration as an organic compound that 
inhibits the capacity of rumen microbes to break 
down and colonise forage cells. Moreover, it creates 
strong complexes with hemicellulose and cellulose, 
making the fibre more resistant to degradation in the 
rumen.

Conclusion

The species harvested for this study contained a high 
CP and low fibre content in summer, making them 
useful as a protein supplement source during dry sea-
sons. Harvesting of foliage during summer and spring 
to cover for those seasons (autumn and winter) where 
the CP content is low can be implemented. Second-
ary metabolites of Searsia species were observed in 
different seasons. These Searsia species can have the 
potential to be utilised as a pharmaceutical because 
of the presence of many secondary metabolites. Both 
species showed a high presence of qualitative second-
ary metabolites in the autumn, winter, and spring sea-
sons, which may reduce the feeding value when the 
secondary metabolites are not neutralised. Therefore, 
the use of tannin binding agents would ameliorate the 
detrimental effects of high tannins on ruminants. The 
nitrogen degradability/solubility of these species is 
also needed.
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