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Abstract 

This study investigated the seasonal effects of Rhus lancea and Celtis africana leaves on preference, 

intake, weight, and serum metabolites in South African indigenous, mature, male goats. Twelve mature, 

male goats weighing 34 ± 5.9 kg (mean ± SD) were randomly allocated to two groups of six and kept in 

metabolic crates for periods of 21 days in October 2015 and March, May, and August of 2016. A browser 

diet of R. lancea and C. africana and a control diet (lucerne and concentrates) were randomly allocated 

to each group. Measurements taken included nutritional composition of browse per season, and browse 

preference, intake, weight changes, and serum metabolites in the goats. The acid detergent fibre (24–

36%) and neutral detergent fibre (26.9–70.4 %) in R. lancea over the months were greater than in C. 

africana (50.3–53.2% and 49.4–55.4%, respectively). In the preference study, the goats preferred 

C. africana more in October (51.2 vs 48.8%), March (51.4 vs 48.6%), and May (54.3 vs 45.7%). Goats 

on the browser diet lost weight in March, May, and in August whereas those on the control diet gained 

weight. The serum urea concentration of goats consuming browser diets in May and August (1.8–3.3 

mmol/l) was lower than the normal range, consistent with animals failing to derive their protein 

requirements from the diet. Goats prefer to browse C. africana more than R. lancea. The study also 

indicated the need for supplementation to meet maintenance requirements in animals fed R. lancea 

and C. africana.  
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Introduction 

Rhus lancea and Celtis africana are indigenous, dicotyledonous, woody trees, whose leaves are 
regularly offered to captive-managed wild ruminant mixed feeders (Lombard, 2016; Mbatha & Bakare, 
2018). This practice emanated from anecdotal reports of wild ruminant mixed feeders’ readily 
consuming R. lancea and C. africana leaves in free-ranging environments. Both trees are popular 
ornamental shade and roadside trees in suburbs around South Africa and become available after 
pruning. The R. lancea is an evergreen woody perennial tree that flowers during the dry season 
(Gundidza et al., 2008). Werekeh (2012) reported that fresh R. lancea leaves harvested in Gauteng 
province of South Africa over wet and dry seasons contained 109.4–130.6 g crude protein (CP)/kg, 
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352.3–431.7 g neutral detergent fibre (NDF)/kg, 172.2–249.8 g acid detergent fibre (ADF)/kg, 80.5–
125.5 g acid detergent lignin (ADL)/kg, and 43.3–66.4 g tannins/kg.  
The C. africana, in dry or very cold climates, is a seasonal tree that flowers during the wet season, with 
leaves turning yellow in the early dry season and defoliating in the dry season (Gogh & Anderson, 1988; 
Ts'ehlana, 2005; Al-Taweel et al., 2012). Under ideal warm and moist conditions, C. africana keeps its 
foliage all year round (Ts'ehlana, 2005). In regions with wet, mild winters, at the coast, and occasionally 
inland, C. africana trees commonly retain their old leaves, dropping them all at once when the new 
spring leaf flush appears. A literature search found no published nutrient values of C. africana from 
South Africa. Shenkute et al. (2012) however reported values of 151 g CP/kg, 304 g NDF/kg, 249 g 
ADF/kg, and 90.2 g ADL/kg in trees from Ethiopia. The reported CP content of the leaves from both 
trees renders them as potential protein resources for mixed feeders, especially during dry seasons 
when herbaceous pasture grasses and legumes become senescent (Theart, 2015). 

Goats have been used as models for mixed feeders in investigating feed intake before (Mkhize, 
2015; Moyo et al., 2017). This is because extensively-kept indigenous goats exhibit dynamic foraging 
behaviour and versatility similar to impala (Aepycerous melampus), springbok (Antidorcas marsupialis), 
and kudu (Tragelaphus strepsiceros) in forage selection; equipping them to counter any fluctuation in 
dietary resources (Sponheimer et al., 2003; Alexandre & Madonnet, 2005; Hooimeijer et al., 2005). 
There are also strong similarities in physiological and anatomical morphologies between goats and 
impala or springbok. Indigenous goats are also amenable to confinement where they still exhibit 
selective behaviour when offered cut and carry forages, choosing the best available (Werekeh, 2012). 

The incorporation of browser forages in the rations of wild ruminant mixed-feeders in captivity 

faces several challenges (Aganga & Monyatsiwa, 1999). There is a concern related to the browse-

associated secondary plant metabolites (SPMs), such as lignin, terpenes, flavonoids, oxalates, 

saponins, and condensed tannins (CTs) (Hagerman, 1995; Bele et al., 2010; Lamy et al., 2011; Mbatha 

& Bakare, 2018), which have been reported to cause biological tissue damage (Lamy et al., 2011; 

Gattiker et al., 2014). In addition, the provision of browser forage in the captive-management setting is 

erratic at best and usually sudden, increasing the risks associated with SPMs. The sudden exposure of 

these ruminant mixed-feeders to diets containing SPMs without time to adapt causes damage in the 

intestines, liver, and kidneys (Lamy et al., 2011). Rogosic et al. (2007) reported that microbes in the gut 

of ruminant mixed-feeders could adapt to tannins, enabling them to use tannin-rich plants more 

efficiently, provided they have had an appropriate adaptation period. Mbatha & Bakare (2018) posited 

that, under free-ranging conditions, the risk of mixed-feeders suffering SPM toxic effects is low, because 

they seldom consume large quantities of pods or leaves with SPMs. Bhat et al. (2013) also reported 

that free-ranging mixed-feeders feed on SPM-rich plants and later dilute the effects by feeding on plants 

with less SPMs, as a way of coping. The ruminant mixed-feeders can also detect and avoid intoxication 

from SPMs through post-ingestive feedback from nutrients and toxins (Burritt & Provenza, 1996). Not 

all these coping mechanisms may be available to mixed-feeders kept under captive management, and 

it is thus critical to evaluate their intake, preference, and physiological responses when given R. lancea 

and C. Africana leaves to improve their nutritional management. 

While a few studies have evaluated the nutrient composition and preference intake of R. lancea 

in goats (Werekeh, 2012; Theart, 2015), no literature could be found on C. africana. Information from 

preference studies may assist nutritionists to identify and source new suitable browser forage for captive 

mixed-feeders. The objective of the current study was to simulate feed intake, browser forage 

preference, weight changes, and serum metabolites in captive-managed ruminant mixed-feeders using 

South African indigenous Nguni-type goats fed R. lancea and C. africana leaves over four seasons. 

 

Materials and methods 

The study was conducted at the Agricultural Research Council–Animal Production Institute 

(ARC–API) in Irene, ~22 km south of central Pretoria (25° 53' 59.6" S; 28° 12' 516.6" E), South Africa. 

The area has an average annual rainfall of 646 mm. The wet season extends from October to March, 

while the dry season is from April to September (Conradie, 2017). The study protocol was reviewed and 

approved by the Animal Ethics Committee of the ARC–API (Ref: APIEC 15/028) and the Animal 

Research Ethics committee of the University of South Africa (Ref: 2015/CAES/046). 

The study involved feeding mature, South African, indigenous, Nguni-type, male goats for 21 

days in the early wet, late wet, early dry, and late dry seasons. The goats belonged to the ARC–API 
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breeding herd kept uniformly in semi-extensively in paddocks and fed commercial pellets and eragrostis 

hay throughout the year. Twenty-three different goats, aged between two and three years, with body 

weights of 34 ± 5.9 kg (mean ± SD) participated in the study across the four seasons. Ten goats could 

not continue from the early wet to the late wet seasons as they were receiving treatment for 

haemonchosis and were replaced; and subsequently one goat was replaced for the early dry and one 

for the late dry seasons as they was not healthy enough to continue in the study. Efforts were made to 

ensure that replacement goats were of similar weight and age. However, goats continuing in the study 

remained on the same diet throughout subsequent seasons. In-between the feeding trials the goats 

returned to the breeding herd where they were maintained under uniform husbandry conditions.  

The seasonal periods were: 12th November to 1st December 2015 representing the early wet 

season (EWS); 15th February to 6th March 2016 for the late wet season (LWS); 16th May to 6th June 

2016 for the early dry season (EDS); and 20th August to 16th September 2016 for the late dry season 

(LDS). This resulted in a 4 × 2 (season × diet) factorial experimental design. Nested within the design, 

each goat on the browser diet received R. lancea and C. africana in separate feeding troughs within the 

same metabolic crate to evaluate preference. In each season, 12 goats were randomly allocated to one 

of two dietary treatments (a browser and a control diet), ensuring that the treatment groups were uniform 

in terms of body weight. The goats stayed individually in metabolic crates (1.2 m long × 0.74 m wide × 

0.92 m high) placed side by side, a metre apart, in an alternating pattern in a well-ventilated room. The 

goats adapted to the diets and the metabolic crates over a period of ten days before data collection. 

The goats received treatment against internal and external parasites (Ivermax® 1% injectable solution, 

Norbrook Laboratories Limited Newry, County Down, Northern Ireland) over the four seasons.  
The R. lancea and C. africana leaves were harvested every second day from the ARC 

Vegetable and Ornamental Plant Institute (ARC–VOPI), which is located ~23.7 km north of central 

Pretoria (25° 56" S; 28° 35" E), to ensure that they were as fresh as possible. The browser forage was 

chopped into small pieces (approximately 2–5 mm in length) using a hammer mill crusher (Drotsky 

Hammer Mills and Feed Mixers (Pty) Ltd, 33 Barium St, Alrode, Alberton 1451, South Africa). A portion 

of the browser forage was fed to the goats immediately and the remainder was kept at room temperature 

and fed to them the next day. Goats on the browser diet were each offered 1 000 g (as is) of R. lancea 

and 1 000 g (as is) of C. africana daily, in separate, identical feeding troughs that were placed side by 

side. The browser forage was alternated daily between the troughs to minimise positional bias. The 

feeders were checked and adjusted twice each day to ensure constant access to fresh feed and to 

minimise any possible wastage. An extra 10% of feed was provided for the animals that finished the 

offered meal. Each goat from the control group was offered 1 600 g (as is) of baled lucerne hay and 

400 g of commercial pellets (Epol Lamb and Ewe 13®) (Table 1). The control diet provided the nutrient 

requirements recommended by the NRC (2007), in relation to the weight of the goats and the 

physiological condition. Feed offered and refusals were weighed daily to determine intake. Preference 

for each browser forage (R. lancea or C. africana) was calculated by dividing the amount of the particular 

browser forage offered by the total browser forage consumed by each goat daily. Both groups had ad 

libitum access to fresh drinking water. 

 

Table 1 Nutrient composition of control diet# (g/kg DM) 

Nutrient (g/kg DM) Commercial pellets Lucerne 

Crude protein (N x 6.25)  177 185 

Calcium 11.6 12.4 

Total phosphorous 4.3 2.8 

Acid detergent fibre 135 332.6 

Neutral detergent fibre 433 440.2 

Acid detergent lignin 25 73.5 

Epol Lamb and Ewe 13; Epol Animal Feeds®, 10, The Boulevard, Westway Office Park, Westville 3629, South 

Africa 
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Body weight was recorded three times during data collection for all four seasons (on day 1 

before the adaptation period, on day 11 after the adaptation period, and on Day 21 at the end of the 

data collection period) to reduce stress on the goats. Feed samples were randomly collected before 

feeding and dried at 60 °C in a drying oven until a constant weight was achieved and, thereafter, milled 

to pass through a 1-mm sieve (Wiley Mill, Standard Model 3, Arthur H. Thomas Co., Philadelphia, PA, 

USA) and then stored, pending analysis. A veterinarian collected approximately 5 ml of blood from each 

goat via the jugular vein at the end of each season. The blood was collected into plain tubes and 

centrifuged in a Biofuge Primo® centrifuge for 15 min, at 1 500 rpm, at room temperature (~23 °C). An 

aliquot of the serum was collected and stored at −20 °C for biochemical analysis following the protocol 

of Gwaze et al. (2010). There were technical problems with processing and storage of the EWS serum 

samples and they were discarded. 

Feed samples were analysed for dry matter (DM), organic matter (OM), and crude protein (CP) 

in accordance with the standard methods of the Association of Official Analytical Chemists (AOAC) 

(2005). Dry samples were ground through a 1-mm screen (Wiley mill, Standard Model 3, Arthur H. 

Thomas Co., Philadelphia, PA, USA) for chemical analyses. Moisture content was determined 

gravimetrically by drying the samples in an oven at 100 °C to a constant weight. Ash content was 

assayed by incinerating the samples in a muffle furnace at 550 °C (Method No. 930.05) (AOAC, 2005). 

The OM was determined as the difference between ash and DM. Crude protein content (N × 6.25) was 

determined in accordance with the Kjeldahl method (Method No. 978.04) (AOAC 2005). 

The neutral detergent fibre (NDF) and acid detergent fibre (ADF) contents were determined 

following the procedures of Van Soest et al. (1991), using the ANKOM Fibre Analyser 4 (ANKOM, 

Macedon, NY, USA), with sodium sulphite as inclusive in the NDF solution. The NDF and ADF contents 

were corrected for residual ash content. Extractions were performed using filter bags, and the 

ANKOM200 Fibre Analyzer equipment. Acid detergent lignin was determined using the DaisyII Incubator 

(ANKOM Technology Corp., Fairport, NY), and the 08/05 ANKOM protocol, including the final ash of 

entire bags. Condensed tannins in the browse were extracted with 70% acetone, at room temperature, 

and determined according to the method of Hagerman (1995). The extract was decanted into conical 

flasks and hand-shaken to mix thoroughly. An aliquot of the supernatant was added to 6 ml of butanol–

HCl reagent in triplicate test tubes. They were transferred to a dry block heater (Grant Instruments, 

Cambridge, UK) that had been pre-heated to warm the samples and maintained at 100 °C for 1 h 

(Mupangwa et al., 2000). Afterwards, they were removed and allowed to cool at room temperature 

before decanting into vials. They were diluted with distilled water to form 2, 4, 6, 8, and 10 (v/v) 

concentrations and absorbance was read at 550 nm using a Cecil CE 2030 single beam 

spectrophotometer (Cecil Instruments, England) (Mupangwa et al., 2000). Total protein (TP), albumin 

(ALB), globulin (GLB), serum urea, alanine aminotransferase (ALT), alkaline phosphatase (ALP), 

gamma glutamyl transferase (GGT), cholesterol (CHOL), creatinine (CREAT), and serum glucose in 

the sera were determined by IDEXX Laboratories (Pty) Ltd, in Johannesburg, South Africa.  

The seasonal effects on nutrient composition were analysed using the generalised linear 

models in SAS (2010). The relationships among the nutrients, browser forage, and seasons were then 

mapped using the biplot command in Stata (16.1, Stata Corp LLC, College Station, TX). Biplots consist 

of lines and dots. The lines are used to reflect the variables of the dataset (nutrients in this study), and 

the dots are used to show the observations (the browser forage per season). In a biplot, the length of 

the lines approximates the variance of the variables. The longer the line, the higher the variance. The 

angle between the lines approximates the correlation between the variables they represent. The closer 

the angle is to 90°or to 270°, the smaller the correlation. An angle of 0°or 180°reflects a correlation of 

1 or −1, respectively. The distance between two points approximates the Euclidean distance between 

two observations in the multivariate space. Observations that are far away from each other have a high 

Euclidean distance and vice versa. 

Preference, feed intake, weight change, and serum metabolites were analysed using the mixed-

effects model command of Stata with restricted maximum likelihood (REML). The mixed-effects model 

(adapted for the different parameters) was: 

𝑦𝑖𝑗𝑘𝑙  =  𝛽0  +  𝛽1𝑥𝑖𝑗𝑘  + · · ·  + 𝛽𝑘𝑥𝑖𝑗𝑘  + 𝑢𝑘  + 𝜖𝑖𝑗𝑘𝑙 
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where yijkl = parameter (preference, feed intake, weight change, and blood metabolites) for browse or 

treatment i, in season j, for goat k; β0, β1, . . ., βk are fixed effects; uk are random effects; and uj∼ N(0, 

σ2u) and ϵijkl∼ N(0, σ2e). Predictions of preference and intake were made per day and plotted for each 

season using Stata (16.1, Stata Corp LLC, College Station, TX). Mixed-effects models accommodate 

the correlations among observations; are more flexible regarding ignorable, missing data and the 

correlation structure of the residuals; and can accommodate longitudinal data where measurements 

are taken in different schedules (such as the seasons in this study). Significance was set at P <0.05 

and tendency was reported at 0.1 <P >0.05. 

 

Results 

The concentrations of CP, ADL, ADF, NDF, and OM in R. lancea and C. africana measured 

across the four seasons on a dry matter basis are presented in Table 2. There were browser forage × 

season interactions in CP, ADF, and NDF concentrations (P <0.05). The CP concentration differed 

between the two browser forages in EWS and LDS, being higher in C. africana than R. lancea, but CP 

concentration was similar in LWS and EDS. The ADF and NDF concentrations in C. africana were fairly 

similar across the seasons (P >0.05). The ADF and NDF concentrations in R. lancea were highest in 

EWS and lowest in LDS. There was a season × browser forage tendency (P = 0.061) for CT 

concentration. The CT concentrations in R. lancea in the dry season (EDS, LDS) were higher than in 

the wet season (EWS, LWS). The CT concentrations in R. lancea were higher than in C. africana across 

all the seasons (P <0.05). 

 

Table 2: The chemical composition (% of DM) of Celtis africana and Rhus lancea across four seasons 

  Parameters (% of DM except for CT)  

Browse Season CP ADL ADF NDF OM CT (mg 

STE/g) 

C. africana 
EWS 13.2e 12.3 51.6bc 53.9ab 80.1ab 8.3a 

LWS 11.1d 12.6 52.0bc 49.4a 82.0ab 14.0ab 

EDS 9.8bc 10.7 53.2bc 55.4a 76.5ab 8.7a 

LDS 11.5de 13.9 50.3bc 53.6a 82.0ab 3.0a 

       

R. lancea EWS 9.5b 32.9 60.1c 70.4b 49.7ab 44.6abc 

LWS 10.4d 19.2 45.1b 60.9ab 84.6ab 38.9abc 

EDS 10.0bd 17.8 55.0bc 63.2ab 86.5b 96.1c 

LDS 8.0a 6.5 24.1a 26.9c 38.5a 90.3bc 

       

SEM  0.54 2.82 3.85 4.55 6.37 15.90 

CV (%)  14.2 77.3 9.5 11.1 27.9 104.0 

P-value        

Season  0.000 0.663 0.04 0.007 0.357 0.203 

Browser forage  0.000 0.339 0.054 0.499 0.195 0.050 

Season × Browser 

forage 

 0.000 0.578 0.008 0.007 0.280 0.061 

Superscripts that differ in the same column denote values that are statistically different at P <0.05  

EWS: early wet season - 12th November to 2nd December; LWS: late wet season - 15th February to 6th March; EDS: 

early dry season - 16th May to 6th June; LDS: late dry season - 20th August to 16th September; ADL: acid detergent 

lignin; ADF: acid detergent fibre; NDF: neutral detergent fibre; OM: organic matter; CT: condensed tannins; STE: 

sorghum tannin equivalents; SEM: standard error of mean; CV: coefficient of variation 

 

A biplot displaying the browser forage per season and the distances between the observations 

indicated a clustering of C. africana across the seasons and a greater variation in R. lancea (Figure 1). 

In LDS, R. lancea appeared to be an outlier. The length of the lines showed that CT had the greatest 

variance among the variables. The angles between the variables showed that refusals were highly 

correlated with NDF, ADF and ADL and less so with CTs. 
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Figure 1 Biplot displaying the observations (lan, R. lancea; afr, C. africana) per season (EWS: early 

wet season - 12th November to 2nd December; LWS: late wet season - 15th February to 6th March; EDS: 

early dry season - 16th May to 6th June; LDS: late dry season - 20th August to 16th September), and the 

variables (DM: dry matter; OM: organic matter; ADF: acid detergent fibre; NDF: neutral detergent fibre; 

ADL: acid detergent lignin; CP: crude protein; CT: condensed tannins) 

 

Daily and seasonal preferences of R. lancea and C. africana in goats are shown in Figure 2. In 

early wet season (EWS), the goats showed a preference (P <0.05) for R. lancea during the first three 

days and C. africana in the last four days. There were no distinct preferences (P >0.05) for either 

browser forage in the LWS and the EDS. In the LDS, the goats showed a preference (P <0.05) for R. 

lancea during the first week, but the preference for the two browser forages was similar for the last three 

days.  
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Figure 2: Daily and seasonal preference (± 95% confidence intervals) of Rhus lancea and Celtis 

africana in goats (early wet season - 12th November to 2nd December; late wet season - 15th February 

to 6th March; early dry season - 16th May to 6th June; late dry season - 20th August to 16th September) 

 

The average daily feed intake (as fed) of goats fed R. lancea and C. africana and the control 

diet in four different seasons are shown in Figure 3. The goats consumed more browser forage (P 

<0.05) than control feed in the EWS and more control feed than browser forage in the LDS. The goats 

consumed more (P <0.05) C. africana than R. lancea, especially in the EWS, LWS, and EDS. During 

the LDS, the goats consumed more R. lancea.  
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Figure 3. Average daily feed intake patterns (kg, as fed) (± 95% confidence intervals) of goats fed Rhus 

lancea and Celtis africana or the control diet in four different seasons (early wet season - 12th November 

to 2nd December; late wet season - 15th February to 6th March; early dry season - 16th May to 6th June; 

late dry season - 20th August to 16th September) 

 
Table 3 shows the initial body weights, weight changes, average daily feed intake (ADFI, as 

fed) and final body weights (FBW) of goats over the four seasons. There were season × diet interactions 

for ADFI, a seasonal effect on ADFI, a tendency (P = 0.06) for weight change, and a dietary effect on 

FBW, weight change, and ADFI. The goats on the control diet had higher FBW (P <0.05) than those on 

the browser diet across all seasons. Goats fed browser forage during the LWS, EDS, and LDS lost body 

weight. The ADFI in the goats consuming browser forage and the control diets were similar across all 

the seasons except for the goats on browser forage in LDS, which consumed less feed (P <0.05). 
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Table 3: The initial body weights, weight changes, average daily feed intake (kg/day, as fed), and final 

body weights of goats fed browser forage and a control diet during the early wet, late wet, early dry, 

and late dry seasons 

Superscripts that differ in the same column denote values that are statistically different at P <0.05  
EWS: early wet season - 12th November to 2nd December; LWS: late wet season - 15th February to 6th March; 
EDS: early dry season - 16th May to 6th June; LDS: late dry season - 20th August to 16th September; IBW: initial 
body weight; Wt change: weight change; ADFI: average daily feed intake; FBW: final body weight; SEM: standard 
error of the mean 
 

The effects of browser forage and the control diet on the concentration of blood metabolites in 

goats during three seasons are presented in Table 4. The metabolite concentrations in the goats in the 

study were compared with the reference ranges for goats as reported by Kaneko et al. (2008) and Radin 

et al. (2017). Some of the serum glucose, serum urea, albumin, ALP, GGT, ALB/GLOB ratio, and ALT 

values fell within the reference ranges for goats. The values for creatinine and cholesterol were all lower 

than the reference values and TP and globulin values were all higher than the reference values. There 

were season × diet interactions for serum urea (P <0.05). Serum urea concentrations in goats 

consuming browser forage decreased in a linear trend from LWS to EDS and the lowest value was in 

LDS (P <0.05). Serum urea concentrations of goats on the control diet displayed a positive quadratic 

trend with the lowest values in EDS. There was a seasonal effect on serum glucose concentrations with 

goats in the LWS having lower concentrations than those in EDS and LDS (P <0.05). The LWS serum 

glucose concentration was also lower than the reference range (2.78–4.16 mmol/l) (Kaneko et al., 

2018). The goats that consumed the control diet had higher serum glucose and urea concentrations 

(P <0.05) than the goats that consumed browser forage across the three seasons. Conversely, goats 

consuming the browser diet had higher creatinine concentrations (P <0.05) than those fed the control 

diet across the three seasons. The goats consuming browser forage had a tendency (P = 0.07) towards 

having a higher TP than those on the control diet. There were dietary effects on globulin and cholesterol, 

with goats consuming browser forage having higher globulin and cholesterol values (P <0.05) than 

those on the control diet. There were dietary effects on ALP and GGT concentration with goats on the 

control diet having higher values (P <0.05) than those on the browser diet. 

 

 

 

 

Diet Season IBW 

Kg 

FBW 

kg 

Wt change 

kg 

ADFI (as 

fed) 

kg  

Browse 

EWS 34.9 35.4bc 0.45ab 1.7b 

LWS 32.3 31.0ab –1.33a 1.8b 

EDS 31.3 31.2ab –0.07ab 1.5b 

LDS 29.5 28.7a –0.83a 1.4a 

Control 

EWS 34.8 38.1c 3.3c 1.9b 

LWS 32.5 34.2abc 1.67bc 2.1b 

EDS 33.4 33.7abc 0.37ab 1.9b 

LDS 33.5 35.9bc 2.42c 2.2b 

SEM  2.07 2.02 0.689 0.04 

P-values  Diet 0.439 0.010 <0.001 <0.001 

 Season 0.307 0.117 0.061 0.009 

 Diet × Season 0.744 0.616 0.166 <0.001 
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Table 4 Concentrations of serum metabolites in goats fed the browser forage and the control diets over three seasons 

Parameters  Season/Diet SEM Season Diet Season × Diet 

 Reference LWS EDS LDS     

 Range* Con Browse Con Browse Con Browse     

Serum glucose (mmol/l) 
 
2.78–4.16 
 

2.5ab 2.3a 3.2c 3.1bc 3.3c 3.0bc 0.24 0.0031 0.3618 0.8985 

Serum urea (mmol/l) 
3.57–7.14 
 

8.9d 3.8b 6.8c 3.3b 7.8cd 1.8a 0.47 0.0030 <.0001 0.0461 

Creatinine (µmol/l)  
88.4–159.0 
 

54.8b 70.0c 55.2b 71.8c 42.3a 65.7c 3.40 0.0119 <.0001 0.3919 

TP (g/l) 
64–70 
 

77.7 77.5 74.2 84.0 75.8 81.2 3.16 0.9029 0.0787 0.3535 

Albumin (g/l) 
25–44 
 

30.7 32.7 30.6 32.0 30.0 30.7 1.61 0.7006 0.3385 0.9181 

Globulin (g/l) 
27–41 
 

47.0ab 49.8bc 43.6a 52.0c 45.8a 50.5bc 1.41 0.9216 0.0002 0.2035 

ALB/GLOB  
0.6–1.6 
 

0.7 0.7 0.7 0.6 0.6 0.6 0.06 0.4204 0.5146 0.6009 

ALT (µ/l) 
6–19 
 

13.7 11.5 14.6 15.8 10.2 12.5 2.48 0.3680 0.8389 0.6504 

ALP (µ/I)  93–387 158.7b 76.0a 87.2a 51.5a 154.0b 66.7a 22.17 0.1274 0.0013 0.5181 

GGT (µ/l) 
 
60–101 
 

65.3d 50.2ab 62.6cd 47.0a 59.3bcd 52.8ac 4.25 0.8111 0.0022 0.5102 

Cholesterol (mmol/l) 2.07–3.37 
 

0.7a 1.7c 0.8ab 1.4bc 0.8ab 1.7c 0.20 0.7931 <.0001 0.6826 

Reference ranges from Kaneko et al. (2008), and Radin et al. (2017); superscripts differing within a row denote significant differences between the means (P <0.05); 

LWS: late wet season - 15th February to 6th March; EDS: early dry season - 16th May to 6th June; LDS: late dry season - 20th August to 16th September; TP: true 

protein, Browse: browser forage, Con: control diet; SEM: standard error of the mean; ALB: albumin; GLOB: globulin; ALT: alanine amino transaminase; ALP: alkaline 

phosphatase; GGT: gamma-glutamyltransferase
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Discussion 

Celtis africana exhibited a smaller variation in ADF and NDF concentrations (50.3–53.2% and 49.4–

55.4%, respectively) across the seasons than R. lancea (36% and 44%, respectively), suggesting that feeding 

captive mixed-feeders with C. africana may result in a more predictable supply of nutrients. The goats’ 

consumption of more C. africana than R. lancea, especially in the EWS, LWS, and EDS, may reflect the narrow 

ranges of ADF and NDF concentrations in C. africana across the seasons. The goats’ preference for C. 

africana over R. lancea in the EWS, LWS, and EDS may point to the potential role of C. africana in contributing 

to the nutrition of goats and mixed-feeders. Werekeh (2012) reported that goats had a high preference and 

intake of R. lancea in both wet and dry seasons, compared with other common browser species, including 

several Acacia spp. However, in this study, the goats showed a gradual increase in their preference for C. 

africana, which is indicative of an adaptive feeding behaviour, influenced by the fact that the CP values were 

higher and ADL and CT were lower in C. africana than in R. lancea. 

The goats consumed more browser forage in the EWS and more of the control diet in the LDS, 

displaying seasonal intake patterns. This is consistent with the fact that, during the EWS, the browser forage 

is still succulent and nutritious whereas in the LDS, it is more mature and higher in fibre (Yayneshet et al., 

2009). The R. lancea intake fluctuated somewhat, a further indication of the influence of higher ADL, ADF, 

NDF, and CT concentrations compared to those in C. africana. The consistently high intake of the browser 

forages in general across the seasons showed that palatability and the voluntary feed intake of R. lancea and 

C. africana were not issues with the goats in this study. This may be explained by the premise that goats utilise 

the proline-rich protein substances (PRPS) in saliva to buffer CT-induced bitterness (Bele et al., 2010), thus 

improving intake. The fact that the goats fed browser diets lost weight (LWS, EDS, and LDS) is consistent with 

the lower DM and CP intake compared to the control diet and implies that the browser forage consumed was 

not sufficient to meet the nutrient maintenance requirements of the goats (Aganga & Monyatsiwa, 1999). These 

results suggest a need to supplement animals on a R. lancea and C. africana diet with other dietary ingredients. 

This therefore necessitates an analysis of more parameters including energy and mineral contents of the 

browser leaves to determine how best to supplement them. That the weight loss was not greater may be 

attributed to the fact that goats have also been reported to be able to minimise maintenance energy 

requirements during periods of low energy intake (Silanikove, 2000).  

The voluntary intake results also show that CTs do not necessarily adversely affect voluntary feed 

intake and palatability, but that other SPMs not determined in this study, could. This concurs with the findings 

of Turner et al. (2005), who reported that goats fed a Sericea lespedeza-based diet with high CTs, were still 

able to maintain a higher DM intake than the goats that were offered a lucerne (Medicago sativa)-based diet, 

with lower CT (42.1 vs. 38.7 g/kg BW, respectively). This is because tannins in forage plants can have positive 

or negative effects on intake, digestion in the rumen, and overall performance, depending on the type and 

concentration of compounds that are present in the diet (Turner et al., 2005). Min & Solaiman (2018) reported 

that optimum levels of CT concentrations in goat diets may be 4.5–10% CT (DM). The R. lancea CT 

concentration in this study of 4–9.6 % would therefore fall into this range and should not have detrimental 

effects on intake. Therefore, the results suggest that R. lancea can help bridge the seasonal nutrient gap for 

mixed-feeders when other dietary sources are scarce during the dry season (Owen-Smith, 1994).  

The goats in the study were clinically healthy and interpretations of all results (including blood 

metabolites) assumed this. Gwaze et al. (2012) posited that some biochemical reference ranges are 

inappropriate for the local breeds and hence the interpretations in the current study were cognisant of this. 

Turner et al. (2005) stated that comparisons of blood parameters between individual goat breeds that are 

maintained on a wide variety of forages and supplements are tenuous. The findings of the current study show 

that serum glucose improved more by the season than by the diets they consumed. This is corroborated by 

Pambu-Gollah et al. (2000) and Gwaze et al. (2010; 2012), who reported that season improved the serum 

glucose of goats more than dietary sources did. The serum urea concentrations in the goats on the control diet 

were higher than the goat reference values during the LWS and LDS. A surplus of protein and non-protein 

nitrogen quantities in the diets combined with insufficient energy have been reported to increase urea 

concentrations in goats (Turner et al., 2005; Radović et al., 2011) and may explain this finding in this study. 

The goats on the browser diets exhibited serum urea concentrations that were lower than the reference values 
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during the EDS and LDS. This is consistent with lower protein in the diets than is required by the goats, similar 

to what occurs when there is a combined deficit of energy and protein (Turner et al., 2005; Radin et al., 2017). 

Urea blood levels may indicate short-term metabolic changes and are normally interpreted together with serum 

TP and ALB levels (Zobel et al., 2015). Although all the goats exhibited hyperproteinaemia in the current study, 

this was characterised by hyperglobinaemia, indicating either stress, infection or inflammation (Sykes et al., 

1980).  

The CTs concentrations of R. lancea of 96.1 mg STE/g in the EDS and 90.3 mg STE/g during the LDS 

corresponded to the substantially higher globulin concentrations of 52 g/L and 50.5 g/L in the goats fed the 

browser diets compared to the control (globulin concentration of 47.0 g/L). These high globulin values in the 

current study, regardless of season or diet, warrant further investigation. All the goats had lower than normal 

creatinine concentrations: 70.0–71.8 µmol/L for the browser diets and 54.8−55.2 µmol/L in the control diets. 

Creatinine is a product of the metabolism of creatine in muscle. Urinary creatinine is an index of total muscle 

mass or the turnover of the protein pool in the body (Xue et al., 1988). The higher creatinine levels in the goats 

that consumed browser forage could be a consequence of the CTs in browse thwarting protein digestion and 

absorption from the small intestine and triggering muscle catabolism to meet the amino acid deficit required to 

support gluconeogenesis (Turner et al., 2005). This is reflected in the serum urea concentrations. In ruminants, 

some blood urea moves into the forestomach and is used by microbes as a non-protein source of nitrogen, 

decreasing the serum urea concentration. This gastrointestinal route of utilization accelerates during times of 

inadequate protein intake. The findings that some goats in the browser group had lower than normal levels of 

ALT, GGT, ALP, and CHOL could be indicative of a genotype trait rather than liver disease. Liver disease 

would have manifested as lower ALB levels and other clinical signs such as jaundice, none of which were 

observed in this study. The higher ALP activity corresponds with goats that gained weight, which concurs with 

the findings by Gwaze et al. (2012), who reported an association between high ALP and growth. 

Conclusion 

Goats’ preference for C. africana over R. lancea means that C. africana should be included in the 

browser species used in feeds for goats and mixed-feeders. Although goats will readily consume C. africana 

and R. lancea without adverse effects on physiological parameters, the browser forage on its own is insufficient 

to meet their maintenance requirements. More research is required to investigate how much supplementation 

is required for R. lancea and C. africana to be used for mixed-feeders.  
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