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Abstract

High feed costs and the widespread use of low-quality pastures are major constraints to the
expansion of livestock sector in Eritrea. This is despite the fact that the country has livestock
breeds with high genetic potential to support high production. The Hassani goat breed has
good dairy characteristics capable of producing sufficient milk for household use and sale.
However, its performance remains suboptimal due to inadequate nutrition and management.
This study evaluated the economic performance of using forage-based diets to feed goats from
the Hassani dairy breed in Gash-Barka region, Eritrea. An on-farm feeding experiment was
conducted using 24 Hassani dairy goat breed which were randomly assigned to 4 dietary
treatments with 6 goats for each treatment. The treatments diets comprised 80% sorghum
stover with 20% Acacia tortilis pod meal (T1), 50% sorghum stover (Sorghum bicolor (L.)
Moench), 20% alfalfa (Medicago sativa), and 30% elephant grass (Pennisetum purpureum) (T2),
50% sorghum stover, 30% alfalfa, and 20% elephant grass (T3), and 50% sorghum stover, 25%
alfalfa, and 25% elephant grass (T4). Data corresponding to each treatment diet on dry matter
intake (kg), milk yield (mL), feed costs (USD), and farm income (USD) were recorded. Milk yield
and feed intake were subjected to analysis of variance using R software. The Least Significant
Difference (LSD) method was used in means separation with differences considered at 0.05
level of significance while economic outcomes were evaluated using partial budget analysis.
Results indicated that gross revenue ranged from 158.8 USD (T1) to 256.9 USD (T4). Total
variable costs were highest in T1 (214.1 USD) and substantially lower in T2-T4 (93.2-110.5
USD). Consequently, T1 resulted in a negative gross margin (-55.3 USD), whereas T2, T3, and
T4 generated positive gross margins of 160.8, 150.3, and 146.5 USD, respectively. Marginal
rate of return analysis indicated economic superiority of the forage-based diets, with T2
emerging as the most economically advantageous option. An analysis of the study findings
showed that supplementing sorghum stover with alfalfa and elephant grass significantly
improves milk production and economic returns in smallholder dairy goat production in Gash-
Barka, Eritrea.
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1.0 Introduction

In Sub-Saharan Africa, small ruminants play a pivotal role in smallholder livestock systemes,
sustaining both food supply and nutritional well-being (Daskiran et al., 2018). According to
Wodajo et al. (2020), most smallholder family households rely on goats for provision of easily
accessible animal protein and household incomes (Amayi et al. 2021). Additionally, millions of
people in many developing nations depend on goats farming for their livelihoods (Nyariki and
Amwata, 2019). According to Miller and Lu (2019), dairy goats provide benefits to farmers in
terms of milk, meat, skins, and manure which is used as fertilizer.

The feed expenses is approximated at 70% of the total costs in livestock production systems
(Algaisi et al.,, 2017). This can be extrapolated to correspond to the highest cost in milk
production implying the existence of a relationship between the daily milk production and the
daily dry matter intake (Oliveira et al., 2014) which offers an opportunity for economic benefits
analysis. In developing nations, the use of grains for supplementation in animal feeding is not
economically sustainable due to high costs (Katongole et al., 2012) and inaccessibility (Haile
2017b). Thus, feeding of ruminant with higher amounts of concentrates could lead to high cost
thus compromising the profitability of smallholder dairy farms.

Most tropical grazed livestock systems are characterised by inadequate and low-quality feed
resources (Rocha Filho et al., 2021). More specifically, the quality and quantity of pastures
become insufficient during dry seasons (Abraham et al., 2018) leading to reduced feed intake
and overall herd yield (Paula et al., 2020). This can be alleviated by reduced reliance on costly
feed resources through adoption of cheaper high-quality forage-based diets. For efficient and
profitable dairying, provision of additional feed resources is necessary for higher milk
production (Ramsbottom et al., 2015). The use of crop residues is an alternative for addressing
pasture shortage during dry season. In most extensive systems, crop residues have been
utilized to supplement available forage to meet animal nutritional requirements (Haile et al.
2017a; Mutimura et al., 2015). Various studies (Haile et al. 2017b; Malisetty et al., 2014;
Sarnklong et al., 2010) suggest that supplementation during period of pasture unavailability is
an effective way of enhancing the utilization of crop residues to sustain livestock performance.
However, crop residues cannot provide the nutrients required for optimised milk production
from dairy goat due to their inferior nutritional quality.

Dairy farms economic sustainability anchors on a feeding program that maximises income over
feed costs (Linn et al., 2009; Maria et al., 2022). Santana et al. (2014) highlighted that the
profitability of production systems depends on feed conversion efficiency in animal products.
Therefore, it is necessary to evaluate the feed intake and feed efficiency of forages to ensure
maximum utilization of nutrients for more milk production and attractive cost benefit ratio
(Branco et al., 2011). Feed costs are among the highest expenses in milk production in many
farms, making it essential for farmers to explore ways to lower the cost of feeding animals.
Supplementation raises production costs, and effective farm management depends on its use
for cost and efficiency (Vaintrub et al., 2021). According to Gwiriri et al. (2016), diets based on
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forages, such as velvet beans and lablab, have a substantially greater dietary net income and
lower production expenses per litre of milk produced than a commercial diet.

In small-scale dairy systems, using good quality and easy to produce forages can be an
economical intervention to maximize revenue by lowering the cost of producing one litre of
milk (Gwiriri et al., 2016). Utilizing inexpensive on-farm produced forages as a feed source in
resources constrained production systems improve their economic sustainability. The
alternative of using commercial feeds to boost production and income in smallholder dairy
systems is economically not viable (Muteng'e, 2021). In Eritrea, sorghum, alfalfa and elephant
grass forages have been cultivated on the arable land and riverbanks respectively (Haile et al.,
2017a). Venkateswarlu et al. (2014) found that sorghum forage could be utilised in small
ruminant feeding without compromising feed intake and nutrient digestibility. Alfalfa, a highly
palatable protein-rich legume has been used in ruminant feeding due to its high quality fibre
with high digestibility and its rumen buffering properties (Yu et al., 2021; Rukiya, 2019).
Moreover, elephant grass is also valued for its high dry matter yield and ease of management
(Rusdy, 2018). Sorghum and elephant grass forages have potential to provide dairy goats with
nutrients necessary to boost milk production with corresponding economic benefits to the
smallholder dairy goat production systems of Eritrea. The nutritional characteristics tests of
different combinations of the sorghum, alfalfa, and elephant grass recorded better
composition (Ghebregziabiher et al., 2025) than what is traditionally used in the study area.
This implies that the feed resources have potential to increase to improve milk production.
However, diets only would have limited positive impact on the production and it is imperative
that a suitable dairy goat breed be identified and selected to optimize on the breed/nutrition
combination.

The Hassani dairy goat breed has high prolificacy and is kept for milk production in Eritrea
(Hienok, 2006). The breed belongs to the Nubian family and is found in northern Sudan and
western Eritrea, as well as in North Africa, the Near East, and parts of the Middle East
(Alemayehu, 1994). In Eritrea, the breed is found in the western lowlands along the Sudan—
Eritrea border, particularly in the sub-regions of Tesseney and Haykota, with some populations
recorded in parts of the south-western lowlands, including the Goluj and Omhajer sub-regions
(Hienok, 2006). Several studies (Weldeselasie and Nsahlai, 2003; Onakuse et al., 2025; FARM-
Africa and ILRI, 1996) have examined dairy production systems in Eritrea where different
livestock species are collectively or individually reared. However, the amount of available
literature is limited which sub-optimize design and implementation of animal improvement
programmes (Haile et al. 2017a).

The limited existing literature highlights constraints such as feed shortages, poor genetics,
weak extension services, and market inefficiencies. This study addresses the gaps by
scientifically testing the economic benefits of forage-based diets for dairy goats in smallholder
production systems in Gash-Barka region, Eritrea. The absence of such information has
contributed to unsustainable dairy goat improvement programmes. To fill this gap, the study
intended to evaluate the productivity and economic feasibility of different forage-based diets
in Hassani dairy goat production systems in Gash-Barka region.
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2.0 Materials and methods

2.1 Study area

The study was carried out in Akurdet, one of the administrative regions of Gash-Barka in Eritrea
shown in Figure 1. Akurdet sub-region lies between 15°33'00.0"N and 37°52'60.0"E at an
altitude of 600 meter above sea level. The area is known for its banana plantations and Doum
Palms common along the Barka River. It is the largest region in Eritrea, accounting for
approximately 40% of the country and with a total of 16 sub-regions, 218 administrative district
(kebabis) and 988 villages. The region covers 49,225 km? and hosts a population of 842,635
inhabitants. About 23% of its population are nomadic pastoralists, 67% agro-pastoralists while
the remaining 10% are engaged in trading (MoLG/ZGB, 2023). The high number of households
involved in livestock keeping and the presence of the Hassani dairy goat breed are the reasons
why the area was selected for this study. It is one of the hotter places in Eritrea with
temperatures ranging from 19°C — 40°C and an annual average rainfall of 320.85 mm
(MoA/ZGB, 2023).
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Figure 1. Map of Gash-Barka region, Eritrea

2.2 Experimental diets

Table 1 presents the experimental diets. The T1 diet was considered standard (control) based
on the livestock keepers practice in the study area of using sorghum stover supplemented by
the Acacia tortilis pods to feed lactating dairy animals.
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Table 1: Experimental Diets used in the Study
Inclusion (%)

Treatment Sorghum stover Acacia tortilis pods Alfalfa Elephant grass
T1 80 20 - -

T2 50 - 20 30

T3 50 - 30 20

T4 50 - 25 25

T- Treatment

All feed ingredients used in diets formulation were obtained from the study area. The sorghum
stover and Acacia tortilis pods were obtained from the farmers while alfalfa and elephant grass
were specifically cultivated along Barka riverbank for this research purposes. The mature alfalfa
was harvested and air-dried under shade before being offered to the experimental animals. All
the forages used in the feeding trials were uniformly chopped into small pieces (3—5cm) before
being mixed. Four experimental treatment diets were formulated and labelled as T1, T2, T3
and T4 (see Table 1). The experimental diets were formulated to meet the nutritional
requirements of lactating dairy goats according to the NRC (2007) recommendations.

2.3 Experimental design and animal management

The experiment was laid out at the Ministry of Agriculture (MoA) forage demonstration farm
in Akurdet. A total of 24 third parity early stage lactating Hassani dairy goats were used in the
feeding trials. The goats were bought from the farmers located in the study area. The goats
were randomly assigned to 4 dietary treatment diets namely T1, T2, T3 and T4 with 6 dairy
goats per treatment in a completely randomized design (CRD). They were housed in individual
pens that had feed and water troughs. They were left for 14 days to adapt to the new
production conditions and experimental diets before start of data collection. Thereafter, data
on feed intake, feed leftovers, and milk yield data were collected for 63 days. The dietary
rations were offered ad libitum and feed refusals collected and measured daily using a
weighing scale (Model-MNCS-M (OCS-03-L), GB/T11883-2002 Class Ill, China). In addition to
the experimental diets, each goat had free access to mineral licks (DEXID-400, Interchemie
Werken De Adelaar B.V., Holland), 5 grams of sea salt, and clean drinking water. The goats
were dewormed using lvermectin (1mL/doe) against external and internal parasites one week
before the start of feeding trial. Throughout the study period, all feeding and management
practices were maintained consistently among the treatment diet groups.

2.4 Feed intake and milk yield

Following the lapse of the acclimatization phase, individual feed intake, and milk yield of each
doe were recorded throughout the feeding trial period. The goats were offered the treatment
diets in the morning of each day immediately after milking. They were hand milked twice a day
at 8 AM in the morning and 5 PM in the evening with the milk yield being recorded. A 1000 mL
graduated plastic jug was used for measurement of milk produced by each goat. Hygiene was
maintained using sterilized equipment to prevent contamination of the collected milk. The
feed leftovers samples were collected daily into marked plastic buckets for use in estimation
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of the feed intake. Daily feed intake was determined by calculating the difference between the
amount of feed offered and the feed refusals.

2.5 Comparative economic analysis

A partial budget analysis (PBA) was used to evaluate the economic benefits associated with
different levels of feed supplementation. The partial budgeting is a widely used farm
management tool that aid in assessing the financial consequences of changes in production
practices by comparing the added costs and the resultant economic benefits, while assuming
that all other components of the farming system remain unchanged (Ehui and Rey, 1992; Kay
et al., 2019). This approach is particularly appropriate for assessing alternative technologies or
management interventions that affect only a limited number of cost and revenue components
as is the case with this study. Similar analytical approaches have been applied in livestock
feeding and supplementation studies to assess the economic feasibility of dietary interventions
under smallholder conditions (Tesfaye, 2009; Holmann and Lascano, 2004; Anwar et al., 2012).
In the present study, the analysis focused exclusively on costs and returns directly associated
with milk production, and feed supplementation which was deemed to be the primary variable
cost. Fixed costs were assumed to be identical across treatments, and no additional labour,
housing, or marketing costs were incurred; thus, these costs were excluded from the analysis.
Feed costs were calculated on a dry matter (DM) basis for each experimental diet, following
the approach recommended by Holmann and Lascano (2004). The cost of both purchased and
cultivated feeds was estimated by multiplying the daily quantity of feed offered (kg) by the
total number of feeding days during the experimental period, using prevailing market prices to
determine the unit cost per kilogram of each diet. Gross benefits were derived from milk sales,
and net economic returns were computed using standard partial budget procedures as
outlined by Ehui and Rey (1992) and Kay et al. (2019). The method entails calculating gross
margin (GM) which is the amount of money left when total variable costs (TVC) are subtracted
from the gross revenue (GR):

GM =GR —-TVC (1)

Where GR is gross revenue, and TVC is the total variable cost

GR = Total milk yield (mL) x the price of milk (USD/litre) (2)
TVC = Total feed intake (kg DM) x price of the feed(USD/kg) (3)

One United States Dollar (USD) exchanged at 15 Eritrean Nakfa at the time of data collection
and was the value adopted throughout the study period.

Total variable costs include the costs of all inputs that change due to the change in production
technology. The most important criterion in deciding whether or not to adopt a new
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technology is the change in gross margin (AGM). This amount is the difference between the
changes in gross revenue (AGR) and the change in total variable costs (ATVC).

AGM = AGR - ATVC (4)

The marginal rate of return (MRR) measures the increase in net income (AGM) associated with
each additional unit of expenditure (ATVC) and was derived as:

AGM
ATVC

MRR (%) = (grvc ) X100 (5)

The GM the total revenue realized from the sale of milk for each treatment minus the total
costs of the feed intake.

2.6 Statistical analysis

Data on milk yield and feed intake was entered into Microsoft Excel (Microsoft Corporation,
2013) and exported to R-studio for Windows, Version 4.2.1 (R Core Team, 2023) for analysis.
Normality and variance homogeneity were tested using the Shapiro-Wilk test and Bartlett's
test, respectively. The Least Significant Difference (LSD) method was used in means separation
with differences considered at 0.05 level of significance. The model used is presented below:

Yij = W+ B -Flij + Ti + €] (6)

Where Yijis the milk yield (mL/day) for j!" dairy goat on treatment it diet, . is the overall mean,
B is the change in milk yield per kg DM intake, Flij is feed intake (kg DM/day), Ti is the treatment
i effect (i=1, 2, 3, 4) and &ij is the random error.

3.0 Results and discussion

3.1 Feed intake and milk yield

This study findings indicate that supplementing sorghum stover with Acacia tortilis pods, alfalfa
and elephant grass had significant (p<0.05) impact on feed intake as seen from results
presented in Table 2.

Table 2. Average daily feed intake and milk yield recorded for 63 days in the Hassani dairy goats

Treatment

p t SEM P-Val
arameters 1 - 3 T2 alue
Initial feed intake (kg DM) 0.4QP 0.91°@ 1.02° 1.062 0.043 <0.001

Initial milk yield (ml/doe/day) 401.67 498.33 47833 461.67 22376 0.47
Feed intake (kg DM) 0.83¢ 1.00¢ 1.04° 1.182 0.215 <0.001
Milk yield (mL/goat/day) 315.20¢ 504.43¢ 507.86° 510.522 0.088 <0.001
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T1 (80% sorghum stover with 20% Acacia tortilis pods meal); T2 (50% sorghum stover, 20%
alfalfa and 30% elephant grass); T3 (50% sorghum stover, 30% alfalfa, and 20% elephant grass);
T4 (50% sorghum stover, 25% alfalfa, and 25% elephant grass); DM, Dry matter

*Means within rows with different letter superscripts differ (p<0.05); SEM, standard error of
means

Dry matter feed intake significantly varied amongst treatments with T4 having the highest
value of 1.18 kg DM and T1 the lowest at 0.83 kg DM. In addition, supplementing sorghum
stover with Acacia tortilis pods, alfalfa and elephant grass had significant (p<0.05) effects on
milk yield between and amongst treatment diets.

According to Hidosa et al. (2020), goats are browsers and thus select about 50%-80% of what
they consume. This implies that given a free access to a forage of varying characteristics, they
select parts that are highly nutritious and degradable which are often characterised by high
protein and little fibre content. The dairy goats in this study were stall fed using feed materials
that were uniformly chopped and fed as mixed ration thus reducing the selection ability. The
results showed that goats fed on diet T1 had the lowest feed intake. This could be explained
by the high inclusion of sorghum stover (80%) which contain tannins (Ondiek, 2024) and
constrain dry matter nutrient intake and utilization.

Goats fed on T4 yielded more milk at 510.52 mL/day when compared to the other experimental
diets. Those fed on T1 recorded the lowest milk yield at 315.20 mL/day. It’s plausible that the
higher milk yield resulted to the higher DM feed intake realized from goats on T4. This findings
are consistent with the study of Silva et al. (2022) who elucidated that reduced dry matter
intake directly influences milk production. It has been reported that high feed intake, high
digestibility, and enhanced rumen fermentation directly result to increased milk production
(Kholif et al., 2016). The diet offered to an animal and its nutrient profile impacts milk
production and its constituents (Dias et al., 2017). The nutritional characteristics of the test
diets utilised in this study are presented in (Ghebregziabiher et al., 2025).

3.2 Economic analysis of feed intake and milk yield

The economic analysis results presented in Table 3 showed that the gross revenue (GR) varied
across the treatments groups. The T1 realized the lowest gross revenue of USD 158.8, while
T2, T3, and T4 recorded values of USD 254.1, USD 255.5, and USD 256.9, respectively.
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Table 3. Partial budget analysis of Hassani dairy goats fed different diets

Parameters” Treatment
T1 T2 T3 T4

Total milk yield (L) 119.5 191.05 192.10 193.16
Price of milk per litre (USD) 1.33 1.33 1.33 1.33
Gross revenue (USD) 158.8 254.1 255.5 256.9

AGR (USD) - 95.3 96.8 98.2
Total feed intake (kg DM) 516.04 453.18 508.06 535.15
Price of the feed (USD/kg DM)" 0.41 0.21 0.21 0.21
Total variable cost (USD) 214.1 93.2 105.2 110.5

ATVC (USD) - -120.9 -108.9 -103.6
Gross Margin (Net change in Profit) (USD) -55.3 160.8 150.3 146.5

AGM (USD) - 216.2 205.7 201.8
MRR (%) - -178.9 -188.9 -194.7

T1 (80% sorghum stover with 20% Acacia tortilis pods meal); T2 (50% sorghum stover, 20%
alfalfa and 30% elephant grass); T3 (50% sorghum stover, 30% alfalfa, and 20% elephant grass);
T4 (50% sorghum stover, 25% alfalfa, and 25% elephant grass); USD, United States Dollar (1
USD = 15 ERN); ERN, Eritrean Nakfa; “The price of the individual feeds with different inclusion
levels per kg DM was calculated and summed for every doe’s ration consumed per day
(Sorghum stover was bought at 0.33 USD/kg DM; Acacia tortilis pods at 0.75 USD/kg DM; Alfalfa
at 0.09 USD/kg DM and elephant grass at 0.08 USD/kg DM)

T2, T3, and T4 resulted to respective GR changes of USD 95.3, USD 96.8, and USD 98.2 when
compared to the control group (T1). This increase can be attributed to improved milk
production due to availability of sufficiently high-quality nutrients availed in treatment diets
T2, T3 and T4 as a result of using alfalfa and elephant grass whose nutritional characteristics
were previously investigated by Ghebregziabiher et al. (2025). These results are consistent with
those of Marques et al. (2022), who observed that diets incorporating alfalfa result in the lower
production costs per litre of milk.

T1 recorded higher total variable cost of USD 214.1 when considered against T2, T3, and T4
whose respective values were USD 93.2, USD 105.2, and USD 110.5. The change in total
variable costs (ATVC) relative to T1 resulted to economically significant cost savings across all
alternative treatments, with reductions of USD 120.9, USD 108.9, and USD 103.6 for T2, T3,
and T4, respectively. The reduction in the feed cost may be attributed to the better utilisation
of the forages used in supplementing T2, T3 and T4 (Ghebregziabiher et al., 2025) and the
lower costs in cultivation of alfalfa and elephant grass. Feed resources which are not
traditionally used in a production system and which are cheaper to establish and propagate
can be utilized to substitute common feed ingredients to reduce the costs (Lian et al., 2024).
Cheaper nutrients sources enhance enterprise economic viability which has been identified as
a driving factor that smallholder farmers consider in adopting new feed and feeding
technologies (Mengistu et al., 2021).
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Based on this study, it is noteworthy that T1 had a gross margin of USD -55.3, indicating that
the feed costs exceeded the milk sale income implying that the strategy resulted to a loss. It
should be noted that the diet is mainly adopted during dry seasons when grazing and browsing
resources are scarce and it therefore does not imply that the farmers make losses throughout
the production cycle. Conversely, T2, T3, and T4 had gross margins of USD 160.8, USD 150.3,
and USD 146.5, respectively and would be economically attractive to the smallholder dairy goat
farmers. This would subsequently support faster adoption of alfalfa and elephant grass
supplementation.

The realization of positive gross margin and the corresponding increase was substantial and
nearly uniform across the three alternative treatments, decreasing marginally from USD 216.2
for T2, USD 205.7 for T3, and USD 201.8 for T4. The findings show that, within the context of
low input smallholder farming systems where limited capital investment often constrains
productivity, the three alternative feeding strategies have potential to enhance economic
efficiency when considered against what is currently being practiced by the dairy goat farmers.
The marginal rate of return (MRR) provides insight into the economic efficiency of the
additional investment required for each treatment relative to T1. All the alternative treatment
diets (T2, T3 and T4) had values of -178.9%, -188.9%, and -194.7%, respectively. The negative
sign preceding each of the value imply a reduction in costs whose result is better economic
outcomes.

4.0 Conclusion

Results obtained from this study indicate that Hassani dairy goats fed on diets consisting
varying amounts of sorghum stover, alfalfa and elephant grass performed better in terms of
milk yield. In the study area, supplementing the standard diet with 20% alfalfa and 30%
elephant grass resulted to the highest milk yield recorded implying its superior cost-
effectiveness when compared to the other experimental diets. The T1 resulted in a negative
gross margin (-55.3 USD), whereas T2, T3, and T4 generated positive gross margins of USD
160.8, 150.3, and 146.5 respectively. Therefore, supplementation of sorghum stover basal diet
with alfalfa and elephant grass has potential to realize higher milk yield and corresponding
higher returns to investment in smallholder dairy goat production system in areas constrained
by availability of sufficiently good quality feeds in Gash-Barka region. Eritrea. Based on this
study findings, it can be recommended that policy measures that support access to diverse
fodder resources, capacity building in feed management, and risk mitigation strategies could
facilitate the adoption of such economically efficient feeding strategies, thereby strengthening
the resilience and livelihoods of dairy farmers in the Gash-Barka region.
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