SciencePG

Science Publishing Group

2025, Vol. 9, No. 3, pp. 155-166

International Journal of Animal Science and Technology @
https://doi.org/10.11648/j.ijast.20250903.14

Research Article

Effects of Faidherbia Albida Dry Pods Supplementation on
Feed Intake, Digestibility, and Growth Performance of Boer
X Gogo and Malya x Gogo Crossbreed Goats

Fredrick Thadei Karumuna®?~ ®, Athumani Shabani Nguluma® ©,
Said Hemed Mbaga®

'Department of Animal, Aquaculture and Range Science (DAARS), Sokoine University of Agriculture, Morogoro,
Tanzania

’Department of Academics, Livestock Training Agency, Dodoma, Tanzania

Abstract

A study evaluated the effect of F. albida dry pod supplementation as the main protein source on feed intake, digestibility, and
growth performance of two goat crosses (Boer x Gogo and Malya x Gogo). Thirty six (36) goats aged 6-7 months with an average
body weight of 11.02+1.59 kg, were randomly allocated to three dietary treatment groups (T1, T2 & T3) in a completely
randomized design. Goats in T1 and T2 were fed Cenchrus ciliaris hay as a basal diet and supplemented with a formulated
concentrate with F. albida dry pods or Sunflower seed cake as the main protein source, respectively, while goats in T3 were
allowed to graze and browse in natural pastures without supplementation. The experiment lasted for 90 days. Results indicate
that T2 had higher dry and organic matter digestibility than T1. T1 had significantly (P < 0.05) higher total feed intake, CP intake,
ME intake, and FCR. T1 also led to higher FCR, final weight, total weight gain, and growth rate than T2. Malya x Gogo cross had
significantly (P < 0.05) higher final weight and FCR than Boer x Gogo. However, there was no significant difference in growth
rate or daily gain between crosses. Feeding T1&T2 resulted in significantly (P < 0.05) higher final weight, total weight gain, and
growth rate than T3. The experimental goal was to address dry season feed shortages by exploring F. albida pods as a locally
available and affordable protein supplement. It can be concluded that F. albida can be used as an alternative protein source in
feeding goats as it is palatable, cheap, and readily available in semi-arid areas of Tanzania.
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1. Introduction

Goat production plays a significant role in supporting the  are often preferred over cattle due to their small size, short
livelihoods of low and middle-income farmers in sub Saharan reproductive cycle, fast growth rate, and adaptability to sea-
African countries, particularly in tropical and arid regions [1]. sonal changes given their browsing behavior [2]. Small ru-
In most of these countries, small ruminants, especially goats, minants, such as sheep and goats, are also noted for their
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ability to thrive in challenging environments and their re-
sistance to diseases that commonly affect cattle.

In Tanzania, the goat population is estimated at approximately
27.6 million, with the majority raised by smallholder farmers [3].
These domestic ruminants, especially within pastoral and
agro-pastoral systems, largely depend on natural forages. While
these forages are plentiful and nutrient-rich during the rainy
season, they become limited and nutritionally deficient in the dry
season [4, 5]. The shortage of quality feed during this period
poses a major challenge to small ruminant production [6]. In the
dry season, livestock primarily rely on standing hay and crop
residues, which offer low nutritional value and are insufficient to
meet their basic maintenance needs [6, 7].

At the onset of the dry season, feed quality deteriorates
quickly, followed by a decline in availability due to increased
grazing pressure and the natural aging of plants. For example,
crude protein of mature grasses declines to 1-2% during the dry
season; digestible protein and phosphorus are often less than 1
g/kg dry matter (DM), calcium 1.5 to 3.0 g/kg DM, and caro-
tene is less than 1 mg/kg DM [8]. Even where forages are
available, their digestible energy and protein content are very
low, while lignin and indigestible fibers are higher than rec-
ommended [9]. These challenges result in year-round fluctua-
tions in nutrient supply, which impair goat growth and
productivity [10]. Malnutrition during the dry season weakens
the immune system of goats, making them more prone to dis-
eases [6]. Consequently, farmers may incur higher costs due to
supplementary feeding or suffer losses from reduced animal
productivity. For many poor smallholder farmers, commercial
concentrates and industrial by-products are either inaccessible
or unaffordable, making locally available high-protein feeds
and mineral supplements a more practical alternative.

Goats typically spend 60-70% of their feeding time con-
suming fresh and dried leaves, ripe pods, and other parts of
browse plants. These browse pods are rich in nutrients and can
serve as effective supplements to low-quality roughages [11,
12]. Supplementing ruminants on poor quality roughage diets
with tree legumes has been shown to enhance animal per-
formance while reducing production costs [13]. One promis-
ing leguminous tree is Faidherbia albida (F. albida), which is
widespread in the semi-arid regions of central Tanzania.

Faidherbia albida serves as a crucial source of browse for
both wild and domestic ruminants, especially toward the end of
the dry season [14]. As noted by [15], this drought tolerant tree
provides a range of feed resources, including leaves, shoots,
bark, and pods throughout the dry season. Its pods can be stored
for long periods without degradation, offering a low-cost al-
ternative to commercial protein supplements such as sunflower
and cottonseed cake [16]. With their high crude protein (CP)
and crude fiber (CF) content, F. albida pods are an essential
protein supplement for ruminants, particularly when diets are
deficient in CP during the dry season [17]. Despite these bene-
fits, research on the effects of F. albida pod supplementation on
goat performance in Tanzania remains limited. Therefore, this
study aimed to assess the impact of feeding F. albida pods on
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feed intake, nutrient digestibility, and weight gain in two goat
crosses: Boer xGogo and Malya x<Gogo.

Goats spend 60-70% of their feeding time consuming fresh
and dry leaves, ripe pods, and other plant parts from browse
species. These browse pods are high in nutritive value and can
be used as a supplement to low-quality roughages [11, 12].
Supplementation of ruminants fed low-quality roughage with
tree legumes has been found to improve animal performance
while at the same time lowering the costs of production [13].
One such promising legume tree is F. albida, which is widely
spread in semi-arid areas of central Tanzania where it pro-
vides browse feed resources for wild and domestic ruminant
animals, especially towards the end of the dry season [14].
According to [15] F. albida tree is known to resist drought
and provide feed resources such as leaves, shoots, bark, and
pods throughout the dry season. Its pods can also be stored
without deterioration for a long time to be used during feed
scarcity and are cheaply obtained compared to commercial
protein supplements such as sunflower and cottonseed cake
[16]. F. albida dry pods play an indispensable role as a protein
supplement due to their higher CP and CF content, making
them suitable as supplements to low CP feeds, particularly
during the dry season [17]. Limited studies have been done in
Tanzania to assess the effect of feeding F. albida pods on the
performance of goats. This study was therefore carried out to
determine the effect of feeding F. albida pods on feed intake,
digestibility, and weight gain of two goat crosses Boer x Gogo
(BG) and Malya x Gogo (MG).

2. Materials and Methods

2.1. Description of the Study Area

The study was conducted at the Tanzania Livestock Re-
search Institute (TALIRI) in Mpwapwa district, located 120 km
from Dodoma, the capital city of Tanzania. The district is at
latitude 640" 00" S and longitude 36<25' 00" E, dominated by
mountainous topography. The district has a dry savanna climate
characterized by a marked seasonal rainfall distribution with a
long dry season starting from late April to late November and a
short wet season starting late November to the end of April. The
average amount of rainfall for the year in Mpwapwa is 712.4
mm. The month with the most rainfall on average is January,
with 136.7 mm of precipitation. The month with the least
rainfall on average is August, with an average of 1.7 mm. The
average temperature for the year in Mpwapwa is 23<C. The
warmest month on average is November with an average
temperature of 29.7<C. The coolest month on average is July,
with an average temperature of 20<C.

2.2. Experimental Feed Preparation

F. albida pods were harvested around the experimental site.
Mature pods that had dropped from the trees and were picked
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from the ground during the dry season were well dried in the
sun and ground by a hammer mill machine to 3 cm, stored in
sacks away from moisture. Cenchrus ciliaris grass was har-
vested at the end of the growing season at TALIRI, Mpwapwa,
llolo pasture farm. The above ground plant parts were cut at
ground level, sun dried in the field to make hay, and then
chopped by a forage chopper into small pieces (about 3 cm) as
recommended by [18].

2.3. Experimental Design

A completely randomized design was employed in this
study, consisting of three dietary treatments: T1, T2, and T3.
Goats in treatments T1 and T2 received Cenchrus ciliaris hay
as the basal diet, supplemented with a formulated concentrate.
In contrast, goats in T3 served as the control group and were
managed according to traditional farmer practices, relying
solely on grazing and browsing natural pastures without any
supplementation. The concentrate in T1 included Faidherbia
albida dry pods and sunflower seed cake as the primary pro-
tein sources, whereas in T2, sunflower seed cake was the sole
protein source (Table 1). Diets for T1 and T2 were formulated
to meet the nutritional requirements of growing goats, spe-
cifically targeting energy levels between 9-11 MJ/kg DM and
crude protein content of 12-16%, as recommended by [19].
All other feed ingredients were sourced from local
agro-processing mills and agro-veterinary stores. The ingre-
dients were thoroughly mixed prior to feeding the animals.

Table 1. Feed ingredients and their proportions in the experimental
diets.

Ingredient inclusion level in the diets (%)
Feed ingredients

T1 T2 T3

Hominy meal 35 48 0
Rice polish 25 27 0
Sunflower seed 18 23 0
cake

F. albidadry pods 20 0 0
Mineral premix 15 15 0
Common salt 0.5 0.5 0
Total 100 100 0

T1= Treatment 1, T2 = Treatment 2 and T3 = Treatment 3

2.4. Experimental Animal Management and
Feeding

Thirty six (36) goats with an average initial body weight of
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11.02 kg, aged 6-7 months old were randomly selected from
the TALIRI farm. Of these, 18 were a cross of MG, and the
other 18 were a cross of BG. The goats were equally distrib-
uted across the three treatment groups (12 goats per group),
maintaining equal representation of breed and sex. All ex-
perimental goats were dewormed with albendazole® to con-
trol endoparasites at a dosage rate of 3 ml/10kg BW repeated
after two weeks. Acaricides were used to control ectoparasites.
Experimental goats were housed in an individual pen (1.5 m x
2 m) in a well ventilated area. Each pen had a feed trough and
a water trough. A 14 days adaptation period was observed to
allow the goats to acclimatize to the feeding regimes and
housing conditions. Animals in T1 and T2 were offered 500 g
of hay daily with a 5-10% allowance for refusal and 200 g of
supplementary experimental diet as recommended by [20].
Concentrates were fed twice daily at 10:00 and 16:00 hours,
while hay was offered once daily at 08:00 hours. Clean
drinking water was provided ad libitum throughout the ex-
perimental period. Animals in treatment three (T3) were
grazed and browsed in the nearby grazing area for eight hours
from 08:00 h in the morning to 16:00 h in the evening.

2.5. Determination of the Chemical Composition
of Feed Ingredients, Formulated Diet, and
Hay

Samples of feed ingredients, formulated concentrate diets,
and hay were dried and ground to pass through a 1 mm sieve
and then analyzed. The samples were analyzed for dry matter
DM, ash, crude protein (CP), ether extract (EE), crude fiber
(CF), neutral detergent fiber (NDF), and acid detergent fiber
(ADF) at Tanzania Veterinary Laboratory Agency (TVLA)
Central Veterinary Laboratory, Dar es Salaam using a
near-infrared reflectance (NIR) spectrometer (Perkin Elmer,
DA 7250™) calibrated according to the manufacturer's in-
structions for analysis of forage, feed ingredients and con-
centrate feeds. Nitrogen Free Extract was calculated from the
above-obtained chemical composition by the formula NFE%
= 100 - (%Moisture + % ash + % CP + % EE + %CF). The
metabolizable energy (ME) content of feed ingredients and
concentrate diet was estimated using the equation developed
by [21], which is ME (MJ/kg DM) = 0.012 CP + 0.031 EE +
0.005 CF + 0.014 NFE. The equation 0.15 (0.98*DMD - 4.8)
was used to determine the Metabolizable energy (ME) content
of hay.

2.6. Digestibility Determination

The in vitro dry matter digestibility (IVDMD) and in vitro
organic matter digestibility (IVOMD) of the concentrate diets
and hay were determined using ground samples passed
through a 2 mm sieve. Digestibility was assessed following
the two-stage technique described by [22]. All analyses were
conducted at the Animal Nutrition Laboratory, Department of
Animal, Aquaculture, and Range Sciences, Sokoine Univer-
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sity of Agriculture (SUA).

2.7. Determination of Feed Intake, Animal
Weight Gain, Growth Rate, and Feed
Conversion Ratio

The experiment lasted for 90 days after an adaptation pe-
riod of 14 days. The leftovers of supplementary diet and hay
were collected and measured before the animals were pro-
vided with a ration the following day. The differences be-
tween the feed DM offered and the refusal DM was taken as
the voluntary DM feed intake. Total dry matter intake was
taken as the sum of supplementary DM intake and hay DM
intake.

Animal weights were recorded weekly at 07:00 AM, be-
fore the animals were fed or, in the case of T3, before they
were taken out for grazing. Weight gain was determined at
the end of the experiment by subtracting initial body weight
from final body weight, where initial body weight was the
average goat's weight for three consecutive days before
starting the experiment, and final weight was the average
goat's weight for three consecutive days at the end of the
experiment. Average Daily Weight Gain (ADG) was de-
termined by dividing weight gain by 90 days (experimental
days). Feed Conversion Ratio (FCR) was calculated as total
feed intake divided by total weight gain.

2.8. Statistical Analysis

Data on feed intake, nutrient intake, final weight, total
weight gain, growth rate, and feed conversion ratio were

subjected to analysis of variance (ANOVA) and analyzed
using the General Linear Model (GLM) procedure of SAS
(2009). The statistical model included fixed effects of treat-
ment, breed, and sex. Two and three way interactions between
breeds, sex, and treatment were included in the model. The
initial weight of each animal was used as a covariate. The
effects of treatment, sex, and breeds were tested using an
F-test at p = 0.05, and Tukey’s test was used to separate the
means at p = 0.05.

3. Results

3.1. Chemical Composition of Feed Ingredients,
Formulated Diet, and Hay

The chemical composition of feed ingredients, formulated
diets, and hay is presented in Table 2. The compounded diet in
T1 had higher CP content (129.0 g /kg DM) compared to T2
(126.0 g /kg DM), as well as higher CF (89.0 g/kg DM) than
T2 (77.0 g/kg DM). T2 had higher Metabolizable energy ME
(11.8 MJ/kgDM) than T1 (11.5 MJ/kgDM). The Cenchrus
ciliaris hay was found to have the lowest nutritional value
among all feed ingredients, with a CP content of 75.0 g/kg
DM and metabolizable energy of 8.3 MJ/kg DM. However,
Cenchrus ciliaris hay had the highest content of NDF and
ADF, with values of 757.0 g/kg DM and 445.0 g/kg DM,
respectively. Additionally, its CF content was higher than that
of all other feed ingredients and compound diets.

Table 2. Chemical composition of feed ingredients, compound diets, and hay used in the experiment.

Feeds and ingredients

(9/kg DM)

FAP ssc HM
DM (g/kg) 913 937 909
Ash 37 61 34
cP 171 240 149
EE 26 158 122
CF 304 230 97
NFE 375 248 507
ME (MJ/kgDM) 96 124 13.2
NDF 604 425 495
ADF 542 349 117

RP CCH T1 T2
941 933 895 894
157 106 64 61
103 75 129 126
141 14 57 66
166 373 89 7
374 365 556 564
11.7 8.3 115 11.8
57 757 230 207
18 445 145 131

FAP-F. albida pods, SSC-Sunflower seed cake, HM-Hominy meal, RP-Rice polish, CCH=-Cenchrus ciliaris Hay, T1-Supplementary diet for
treatment 1, T2-Supplementary diet for treatment 2, DM-Dry matter, CP-Crude protein, EE-Ether extract, NFE-Nitrogen free extract,
ME-Metabolizable energy, NDF-Neutral detergent fiber, ADF-Acid detergent fiber
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3.2. Concentrate Diet and Hay in Vitro
Digestibility

In Vitro Dry Matter Digestibility (IDMD) and In Vitro
Organic Matter Digestibility (IOMD) of basal diet and sup-
plemented diet are shown in Table 3. Among the diets, T2 had
higher DMD and OMD than T1. OMD was observed to be
higher than DMD in both dietary treatments, while the IOMD
in Cenchrus ciliaris hay was higher compared to IDMD
(56.09% vs. 53.73%).

Table 3. In vitro Dry matter digestibility and Organic matter di-
gestibility of basal diet and supplemented diet.

Hay (basal diet) and for- In Vitro DMD In Vitro
mulated diets (%) OMD (%)
Cenchrus ciliaris hay 53.73 56.09

Diet T1 67.48 69.43

Diet T2 7111 73.61

DMD-Dry matter digestibility, OMD-Organic matter digestibility,
T1-Treatment 1, T2-Treatment 2

3.3. Feed Intake, Nutrient Intake, and Feed
Conversion Ratio (FCR)

Dry matter feed intake, nutrient intake (CP and ME), and Feed
Conversion Ratio (FCR) for different breeds and sexes under T1
and T2 are shown in Table 4. Animals under T1 had a higher hay
intake, total feed intake, CP intake, and ME intake than animals
under T2 (P < 0.05). The FCR differed significantly (P < 0.05)
between treatments, and was higher for T1. Animals under T2
exhibited higher concentrate intake (223.29 gDM/day) (P < 0.05)
than animals under T1 (217.10 gDM/day).

The results also show a significant (P < 0.05) difference
between crosses in terms of FCR whereby the BG goat
crosses had a lower FCR (5.63) compared to the MG goat
(FCR of 6.10). Hay intake, concentrate intake, total feed in-
take, crude protein intake, and metabolizable energy intake
did not differ between the crosses. There were no statistically
significant differences (P < 0.05) in intake values or FCR
between male and female goats. The Interactions among die-
tary treatments, breed, or sex were found not to be significant.

Table 4. Least square means (#SE) for Feed Intake, Nutrient Intake, and Feed Conversion Ratio of Goats under Different Dietary Treatments.

Factor  Level HI (gDM/day) CI (gDM/day)
TR T1 304.09a 217.10b
T2 277.44° 223.29°
SE 11.91 6.97
p-Value 0.1309 0.5378
BD BG 305.41 210.86
MG 276.12 229.53
SE 11.91 6.97
p-Value 0.0991 0.0745
Sex F 285.51 212.74
M 296.01 227.65
SE 11.91 6.97
p-Value 0.5407 0.1478

TFI (gDM/day CPI (g/day) MEI (MJ/day) FCR
521.19a 58.89a 5.99a 5.92a
500.73" 57.28" 5.87° 5.81°
11.74 1.17 0.12 0.15
0.2338 0.3439 0.4816 0.6227
516.27 58.20 5.91 5.63"
505.64 57.98 5.95 6.10%
11.74 1.17 0.12 0.15
0.5304 0.8945 0.8109 0.0415
498.25 56.64 5.78 5.99
523.66 59.54 6.09 5.73
11.74 1.17 0.12 0.15
0.1434 0.0969 0.0795 0.2481

Means in the same column within a factor with different superscript letters are significant differences (p < 0.05)
TR-Treatment, BD-Breed, HI-Hay intake, Cl-Concentrate intake, TFI-Total feed intake, CPI-Crude protein intake, MEI-metabolizable energy
intake, FCR-Feed conversion ratio, BG-Boer x Gogo, MG-Malya x Gogo
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3.4. Final Weight Gain, Total Weight Gain, and
Growth Rate

Table 5 presents the mean weight gain, total weight gain,
and growth rate for different goat crosses and sexes under
treatments T1, T2, and T3. Significant differences (P < 0.05)
were observed among treatments, with animals in T3 exhib-
iting lower final weight, weight gain, and growth rate com-
pared to those in T1 and T2. However, no significant differ-
ences (P > 0.05) were found between T1 and T2 in terms of

final weight, weight gain, or growth rate.

The analysis further indicated that MG crosses had higher
final body weights than BG crosses, although this difference
was not statistically significant (P > 0.05). There were also no
significant differences (P > 0.05) between the crosses in total
weight gain and growth rate. Similarly, no significant differ-
ences (P > 0.05) were detected between sexes for final weight,
weight gain, or growth rate. Additionally, interactions among
dietary treatments, breed, and sex were not significant.

Table 5. Least square means =SE for final weight, total weight gain, and growth rate of different goats under different treatments.

Factor Level FW (Kg)
Treatment T1 20.28 +9.26¢
T2 20.13+£9.112
T3 18.33 £7.31°
Breed BG 18.29 + 7.12b
MG 19.78 £ 8.762
Sex F 19.47 £8.45
M 19.47 £8.45

TWG (Kg) GR (g/day)

9.26 £8.902 102.90 £98.99*
9.11 £9.42» 101.33 £ 104.712
7.31 +£7.03b 81.29 +78.12b
8.37 £7.48 92.97 +83.18
8.76 £7.14 97.38 £79.41
8.45£7.03 93.94 +£78.12
8.67 +7.60 96.41 +84.47

Means in the same column within a factor with different superscript letters are significant differences at (P < 0.05)
FW-Final weight, TWG-Total weight gain, GR-Growth rate, BG-Boer x Gogo, MG-Malya x Gogo

4. Discussion

4.1. Chemical Composition of Feed Ingredients,
Formulated Diet, and Hay

This study evaluated the effect of supplementing F. albida
pods as a protein source on feed intake, digestibility, and
growth performance in BG and MG goats under semi-arid
conditions in Tanzania. The goal was to address dry season
feed shortages by exploring F. albida pods as a locally
available and affordable protein supplement. Proximate
analysis to determine the chemical composition of F. albida
pods, feed ingredients, formulated concentrate diets, and basal
hay was conducted to assess nutritional adequacy, particularly
in terms of CP, ME, and fibre fractions such as NDF and ADF,
which are key indicators of feed quality for ruminants [23, 24].
The nutritional evaluation aimed to establish whether F. al-
bida pods could meet or exceed the minimum dietary re-
quirements needed to support microbial activity in the rumen
and maintain growth in goats during the dry season [25, 26].

The CP content of experimental diets and hay reported in
this study was above a minimum of 7% dietary crude protein,
which is required for normal rumen bacterial growth and
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function for ruminants as recommended by [25]. The author
postulates that if dietary protein drops below 7%, forage in-
take and digestibility will be depressed. This means that the
treatment diets were capable of providing the nitrogen re-
quired by microbes to synthesize volatile fatty acids for mi-
crobial protein synthesis [25]. The energy content of experi-
mental diets was above 11 MJkgDM that is in agreement with
[23] and [27] who reported that growing goats of 3-8 months
old require metabolizable energy between 7-9 MJ/day for
maintenance and production. Furthermore, the CP obtained in
F. albida pods in this study was 171 g/kg DM, which is above
161 g/kg DM reported by [28] in West Africa. Similar to the
findings of this study [29], in Tigray, Ethiopia, reported F.
albida pods to have a CP content of 178 g/kg DM. The CP and
overall nutritive value of F. albida are influenced by soil,
climate, genetics, and management practices of the plant [30,
31]. In the present study CP content of the pod is slightly
lower than that of sunflower seed cake, but higher than the
minimum CP content of 80 g/kg DM recommended for small
ruminants [32].

The NDF and ADF amounts in the diets used in this study
are within the ranges recommended for small ruminants,
which are 30% to 45% of the total diet dry matter for NDF and
19% to 25% for ADF [33]. Diets with NDF levels above this
range may limit intake, while lower levels might not provide
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sufficient fiber for proper rumen function. Diets with ADF
levels exceeding this range can lead to reduced digestibility
and energy intake. Cenchrus Ciliaris hay had 75% NDF and
44% ADF, which was in agreement with the recommended
level as reported by [34] that high-quality forages with the
required amount of NDF and ADF levels are essential for
ruminants.

4.2. In Vitro Digestibility of Feeds and Hay

Digestibility of feed components, particularly hay and
treatment diets, is a key factor influencing nutrient availability
and animal performance. In this study, both organic matter
and dry matter digestibility were evaluated to assess the
quality and effectiveness of the feed used. Hay organic matter
digestibility obtained in the study was different from that
reported in the study by [35], in which the organic matter
digestibility of Cenchrus ciliaris hay from Kongwa, also in
semi-arid central Tanzania, was 58.3%. The lower value ob-
tained in this study may be attributed to the stage of maturity
at harvest, which likely affected digestibility. The hay in this
study was harvested at a later growth stage. As plants mature,
fiber content increases, leading to reduced digestibility as
reported by [36, 37]. The study by [7] compared the effect of
indigenous browses and sunflower seed cake supplementation
on the intake and growth performance of dual-purpose goats
fed Cenchrus ciliaris hay and found that dry matter digesti-
bility of Cenchrus ciliaris was 46.1% which was lower than
that obtained in this study, likely due to the use of lower
quality hay in the experiment. The diet in T2, which had
sunflower as a main protein source, had higher in vitro DMD
and OMD than in T1. This is likely due to the high tannin
content in F. albida pods, which acts as an antinutritional
factor [38]. Tannin is known to reduce microbial fermentation
in the rumen and is toxic to some rumen microbes, ultimately
reducing total microbial biomass [39]. It is therefore im-
portant to consider the inclusion level to minimize the nega-
tive impact. The digestibility of diets in T1 was below that in
T2 but was within the range that does not affect animal per-
formance.

4.3. Dry Matter Intake, Nutrient Intake, and
Feed Conversion Ratio (FCR)

Higher daily feed intake in goats supplemented with F. al-
bida pods as the main protein source is similar to the findings
of [40] and [41], who reported that increasing the level of F.
albida pods in the diet increased daily feed intake up to 20%
inclusion level. In this study, the T1 had a 20% inclusion level
of Faidherbia albida. A similar trend of feed intake was re-
ported in Sudan desert goats at different levels of F. albida
pods inclusion in the experimental ration [42]. Small rumi-
nants are known to prefer acacia pods due to the sweet taste
and attractive smell that they contain [16]. According to [16],
increasing pod supplementation enhances hay intake. These
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findings agree with this study, where animals supplemented
with pods had higher hay intake than non-supplemented ones.
This was also observed by [43].

BG cross had a higher average daily total dry matter intake,
CP intake, and ME intake than MG cross. This is in agreement
with the study of [44] on the study of effects of Boer geno-
types on intake and digestion by growing male goats in the
central highlands of Ethiopia, where dry matter intake, CP
intake, and ME intake increased in the order Local < 25%
Boer <50%Boer. Boer crosses exhibit higher feed intake
compared to local goats and other crossbreeds, largely be-
cause Boer goats have been selectively bred for enhanced
growth performance and meat production [45]. This genetic
selection results in higher nutritional requirements to support
rapid growth, leading to increased feed consumption [44].
Additionally, larger animals have higher absolute feed intakes
to meet their energy and maintenance needs. Boer goats and
their crosses typically have a larger body frame compared to
indigenous breeds [46, 47], necessitating greater DMI.

Male goats exhibited a higher daily average DMI than fe-
male goats, which is in agreement with the findings of a study
by [48]. This difference is attributed to the larger body size
and higher growth rates of males, which are associated with
increased metabolic demands and greater nutrient consump-
tion. Animals under T1 exhibited higher FCR which is likely
due to the presence of antinutritional factors, mainly tannin in
albida pods, which can reduce digestibility, impair nutrient
utilization, and consequently increase FCR [49]. The BG
goats had lower FCR, reflecting more efficient feed utilization
than the MG goats. This can be attributed to the superior
growth rates and feed efficiency of Boer goats, which are well
documented in comparison to indigenous and crossbred goats
[50]. There was no difference in FCR among sexes, which is
consistent with the findings by [51], who reported that sex is
not the major factor influencing FCR; instead, FCR can pri-
marily be affected by the type of feed and breed.

4.4. Final Weight Gain, Total Weight Gain, and
Growth Rate

All goats under concentrate diet supplementation without
grazing had significantly higher weight gain and growth rates
than those in the control group (normal grazing and browsing)
without supplementation. These results are in agreement with
the studies of [52], who reported that supplementation "fills
the voids" between nutrient demand and nutrients provided by
the browse/forage. Supplements do provide protein, energy,
minerals, and/or vitamins required by the goat to achieve the
desired level of performance. [53] reported that higher sup-
plementary goat feeding levels increase animal weights and
body condition scores more than the lower levels and non
supplementation. Concentrate supplementation feeding in-
creased the growth rate of goats [54]. A study by [55] on
Sangamneri goats in Karnataka, India, revealed that stall-fed
goats achieved a significantly higher weight gain compared to
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their grazing counterparts. The higher body weight gain and
growth rate observed in goats subjected to concentrate diet
supplementation (nongrazing) can be attributed to the pres-
ence of adequate nutrients in the diets, which enabled the
animals to meet their nutritional requirements for mainte-
nance as well as for body weight gain [56]. Similarly, [57],
reported that grazing alone is insufficient for optimizing live
weight gain and reproductive performance in goats. Grazing
requires more energy expenditure, which ultimately affects
negatively growth performance as reported by [58] in their
study on the effects of the feeding system on weight gain of
Black Bengal goats.

The MG crosses exhibited higher final body weight, total
weight gain, and growth rate than the BG crosses. This finding
is not in agreement with previous studies, which have reported
that Boer crosses generally achieve greater weight gain and
growth rates than indigenous or non-descript local breeds and
their crosses [59-61]. The enhanced performance typically
observed in Boer crosses is attributed to the Boer breed’s
genetic predisposition for rapid growth and efficient meat
production. The discrepancy observed in the current study
may be attributed to the poor adaptability of Boer crossbreds
to local environmental conditions. Heat stress in Boer goats
and their crosses has been associated with reduced feed intake
relative to body requirements and subsequent body weight
loss, as animals attempt to minimize metabolic heat produc-
tion [62]. Additionally, studies have shown that Boer goats
may exhibit heightened stress responses during handling
compared to indigenous breeds, suggesting potential chal-
lenges in their adaptability under less intensive management
systems [63].

The observation that males and females did not differ sig-
nificantly in the final weight, total weight gain, and growth
rate contrasts with the findings of [64]. It is expected that
males generally achieve higher weight gains and growth rates
than their female counterparts, which is influenced by hor-
mone differences [65]. The observed controversy was at-
tributed to behavioral changes and the stress effect of mixing
male and female goats in the same building, that were not
been mixed before. [66] reported that the presence of females
can lead to increased sexual behaviors in males, potentially
diverting energy from growth to reproductive activities.

5. Conclusion

Supplementation of goats with F. albida pods resulted in
higher dry matter intake, live weight gain, and growth rate
compared to a non supplemented diet. Goats receiving pod
based supplementation showed greater growth performance
than those managed under natural grazing and browsing
conditions. These findings suggest that using locally available
protein sources, such as F. albida pods, can be more beneficial
than relying solely on commercial protein supplements like
sunflower seed cake. Growth performance differences be-
tween crosses may suggest genetic differences in adaptability
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and nutrient utilization.

Based on the findings of this study, it is recommended that
another study should be done in a way than all goats should be
allowed to graze freely and then receive targeted supple-
mentation with either F. albida pods or sunflower seed cake
as main protein source. This approach ensures that animals
benefit from natural forage intake while still receiving the
necessary nutrients to support growth and carcass develop-
ment. This combined grazing and supplementation strategy
supports sustainable and cost effective goat production under
smallholder and extensive systems.

Based on the outcomes of this study, it is recommended that
supplementation with F. albida pods be further explored and
tested at different inclusion levels to determine the most ef-
fective and economical dosage for optimal goat performance
in semi-arid conditions in Tanzania.
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