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ARTICLE INFO ABSTRACT

The increasing global population and climate-related challenges have intensified the search for

Received alternative, non-competing protein sources to replace conventional feed proteins. This study
19 October 2025 evaluated the effects of partially substituting roasted soybean meal with baobab seed meal on

growth performance and carcass characteristics of commercial Ross broiler chickens in Tongwe,
Revised Ward 4, Beitbridge District, Zimbabwe. A completely randomized design (CRD) was used with
05 November 2025 two iso-nitrogenous dietary treatments, each replicated six times with eight birds per replicate.

Sorghum served as the primary energy source, while soybean and baobab seed meals provided
protein. Sorghum was ash-treated to reduce tannins, soybeans were roasted to inactivate trypsin
inhibitors, and baobab seeds were boiled for one hour to reduce tannins and phytates. Feed
formulation was carried out using FeedSoft software to achieve crude protein levels of 20% in
grower and 18% in finisher diets. After six weeks, no significant differences (p = 0.7) were
Anti-nutritional factors observed in live body weight between treatments. Meat taste and carcass color parameters also
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Ash-treated showed no notable differences. The study concludes that partial replacement of soybean meal
Carcass with baobab seed meal during the finisher phase is feasible without compromising broiler growth
Non-competing performance, meat quality, or carcass color. Further research is recommended to assess the
Three-phase feed protein quality and optimal inclusion levels of baobab seed meal.
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Introduction

The global demand for poultry products continues to escalate as the world’s human population continues
in its growth trajectory, with predictions to reach nine billion by 2050 (United Nations, 2019). As human
populations, together with the preference and acceptance of broiler meat, continue to increase, the global
broiler sector is expected to continue to grow, as the motivation for production is driven by high demand levels
(Mottet and Tempio, 2017). In Zimbabwe, broiler chicken production continues on a growth path and has
become one of the top livestock sources of livelihoods for both urban and rural farmers (Zimbabwe
Vulnerability Assessment Committee (ZImMVAC, 2022). Family poultry farming has been increasingly
recognized as one of the entry points to address the challenges of food insecurity, malnutrition and income
depressions for smallholder farmers (Gororo and Kashangura, 2016; Nchinda et al., 2011). In developing
countries, feed raw materials, particularly protein sources, are a limiting factor in the poultry industry. Climate
change-induced droughts are part of this challenge. Soyabean seed is the most common and widely used
protein source in broiler chicken feed in Zimbabwe, while other legume-based protein sources are also used
depending on their availability. The increase in the cost of soya-based broiler feed is hugely linked to low yield
and consequently limited access to soyabeans for livestock feed formulations (Chisoro et al., 2018).
Soyabeans’ current production is not sufficient to meet the protein demands of the increasing human
population and expanding livestock industry (Saulawa et al., 2014).

Farmers in Zimbabwe have also tried alternative protein sources, such as baobab seed, moringa leaves,
aquatic proteins and lucerne biomass with limited success. The adoption of moringa leaves and aquatic
proteins has been hindered by availability challenges. On the other hand, it was found out that lucerne has
good dry matter with a protein content range of 16 to 22% crude protein (CP) (Habtemariam, 2021; Poel et al.,
2013). Baobab seeds have good dry matter and a reasonably high protein value, which makes them an
alternative protein source for use in broiler feeds in areas where it is available (Madzimure et al., 2011). In
addition, baobab seeds are available in certain arid parts of Zimbabwe in large quantities, enough for them to
be used to formulate poultry feeds (Chisoro et al., 2017). Availability of baobab seed in Zimbabwe makes it a
potential complement to soyabeans in broiler feeds, which might resultantly turn out to be cost-effective by
partly eliminating the costs of soyabeans (Chimvuramahwe et al., 2011). However, utilisation of these protein
sources can be hampered by the presence of antinutritional factors in them. These antinutrients include
tannins, trypsin inhibitors and phytates, which negatively impact on digestibility and availability of certain key
nutrients (Chisoro et al., 2019). Therefore, for the effective utilisation of protein sources, some form of
treatment must be done to inactivate and reduce the concentration of these antinutritional compounds. Such
methods include roasting, decortication, soaking and boiling (Nhara et al., 2024).

Introduction of other low-cost, alternative plant-based protein sources can help alleviate pressure on
soyabeans, thereby reducing the cost of rearing broiler chickens. These alternative sources of broiler feed
protein should be of lower demand by other industries or for human consumption, for them to be effective
(Fatima et al., 2022). Farmers can effectively and economically use locally available resources to formulate
broiler feeds as guided by the recommended nutritional requirements for broiler chicken feed (Thirumalaisamy
et al., 2016). The current study examined the effectiveness of methods used to reduce antinutritional factors in
soyabean, sorghum and baobab seed. As well as the effects of partial substitution of soyabean meal with
baobab seed meal as a protein source on broiler chicken growth performance during the growing and finishing
phase of their production cycle.
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Materials and methods

Study site

An on-farm study was carried out at Tongwe village, 22°3'23"S; 29°49'30"E, ward 4 in rural Beitbridge.
The Tongwe area falls under natural farming region V. The area is characterised by hot, dry weather
conditions that are characterised by high temperatures where the annual average temperature is 23.1 °C
while hot periods average 34 °C (Dhliwayo et al., 2023). The rainfall is erratic at an annual average of 332 mm
and this negatively impacts most cropping activities (Dhliwayo et al., 2023). The area is characterised by
sandy loam soils. Production of traditional grain crops like sorghum and millet and fodder crops like Lucerne
and Mucuna pruriens (velvet bean) are common as they endure and thrive in the climatic conditions.
Vegetation is dominated by sweet veld with annual grasses and mopane woodlands. The baobab tree
(Adonsonia digitata) dominates the woodlands in the area. Cattle, goats, donkeys and poultry are common
livestock classes in the area (Tui and Baudron, 2023).

Chemical analysis of feed ingredients

The formulations of broiler diets in this study were guided by results that were obtained from a laboratory-
based proximate analysis (McDonald et al., 2010) of nutrient composition of soyabean, baobab and sorghum
seed meals, Table 1.

Table 1. Nutritive value of feed ingredients

Dry matter Crude protein Crude lipid Total ash Crude fiber
Feed ingredient (%) (%) (%) (%) (%)
Soyabean seed meal 88.8 35.4 19.8 5.6 3.2
Sorghum seed meal 85.5 11.8 3.9 1.9 2.2
Baobab seed meal 86.4 16.7 175 5.5 14.9

Proximate analysis by IDITECH Laboratories, Beitbridge, Zimbabwe

Processing techniques for the feedstuffs to curb anti-nutritional factors

Though the levels of antinutritional factors they contain are deemed low for poultry (Chisoro et al., 2017),
treatment was done so as to counter the potential for cumulative effects. The raw materials were treated
differently to reduce the antinutritional factors. An analysis was done to reflect on the effectiveness of the
employed treatments, that is, soaking in ash solution for sorghum to deal with tannins, boiling for baobab seed
to deal with tannins and phytates, and roasting to deal with trypsin inhibitors in soyabeans (Table 2).

Table 2. Feed ingredients’ anti-nutritional factor status before and after treatment

Tannins (mg/qg) Phytates % Trypsin inhibitors (mg/g)
Soyabean meal Untreated 1.95 1.22 6.35
Treated 0.55 0.04 221
Sorghum meal Untreated 4.95 5.92 0
Treated 0.09 1.8 0
Baobab meal Untreated 0.45 0.16 0
Treated 0.01 0 0

Antinutritional factors analysis by IDITECH Laboratories, Beitbridge, Zimbabwe

Untreated: whole seed meals: soyabeans meal, sorghum meal and baobab seed meal; Treated: roasted soyabeans meal, ash
solution-soaked sorghum meal and 1 hour boiled baobab seed meal

Baobab seed treatment
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Baobab seeds were boiled for 1 hour, sun-dried and then ground through a 3 mm sieve. Boiling has
previously been reported to have a favourable effect on the crude protein of baobab seeds and great effects
on antinutritional factors than other methods (Saulawa et al., 2014).

Sorghum seed treatment

Wood ash from the Mopane tree was used to make the soaking medium at a rate of 1 kg ash to 20 | of
water (Kyarisiima et al., 2005). A weak wood ash extract solution ensures that protein quality and availability
is not compromised. The ash-water mixture was thoroughly stirred for 5 mins and then left to stand for 15
hours to allow maximum leaching to take place (Kyarisiima et al., 2005). The resulting supernatant was
filtered with mutton cloth and then used to soak sorghum grain at the rate of 1 kg of grain to 2 litres of ash
extract for 12 hours and the seed was allowed to dry in the sun before milling.

Soyabean seed treatment
Soya bean seed was roasted for 20 minutes at 100°C to inactivate trypsin and other anti-nutritional
factors (Gombwe et al., 2022).

Dietary treatment formulation

All the diets were farm-formulated using the Trial-and-Error Iteration software developed by Mpofu (2006).
Two (2) differently formulated broiler diets, control and experimental, were produced utilising sorghum as the
energy source. The traditional protein source, soya bean seed meal, was substituted for baobab seed meal in
the experimental diet to come up with iso-nitrogenous diets containing 20% and 18% CP for growers and
finisher meal diets, respectively (Table 3). Baobab meal at 28.8% inclusion in growers’ meal diet reached the
targeted CP content of 20%, while for finisher meal, an inclusion level of 42.5% was used. The choice to use
28.8% and 42.5% baobab seed meal inclusion levels in replacing soya bean as a protein source was based
on the need to mirror tri-phase broiler feeds on the market utilising 20% grower and 18% CP in finisher diets.
Vitamin-mineral pre-mix from Agrifoods Pvt Ltd feed company were added accordingly to each growth phase
to all diets.

Table 3. Composition and nutritional value of the experimental diet

Experimental ration Control ration
Item Starter Grower Finisher Grower Finisher
Ingredient %
Sorghum 56.5 42.3 36.5 60.0 70.0
Soybean meal 43.5 29.0 18.7 36.5 27.6
Baobab seed meal Nil 28.8 425 nil nil
Vit/min premix* 5.0 5.0 5.0 5.0 5.0
Nutritional content %
Dry Matter 86.9 86.7 84.5 83.7 84.4
Crude protein 22.1 20.0 18.0 20.0 18.0
Crude fiber 2.6 6.1 7.7 25 24
Calcium 0.80 0.80 0.80 0.80 0.80
Phosphorus 0.40 0.40 0.40 0.40 0.40
Metabolizable energy (MJ/kg) 12.9 13 12.7 12.3 12.3

*Vit/min premix = 5 mg vitamin B12; 4000 mg B; 20 000 IU vitamin E; 2000 000 IU vitamin D3; 8000 000 IU vitamin A; 2000 mg
vitamin K; 5000 mg B6; 10 000 mg pantothenic acid; 30 000 mg nicotinic acid; 1000 mg folic acid; 250 000 mg choline; 5000 mg
copper; 75 000 mg manganese; 1000 mg iodine; 50 000 mg zinc; 100 mg selenium; 150 mg biotin (Supplier: Agrifoods Pvt Ltd
company Zimbabwe).

458
Res. Agric. Livest. Fish. Vol. 12, No. 3, December 2025: 455-464.



Pauline et al. Effect of baobab seed meal on broilers’ growth performance

More feed is consumed during the growers and finishing stages of the broiler chicken cycle; hence, the
study introduced the alternative protein source, baobab seed meal, from the growers’ phase, at 12 days of
age.

Management of the Broiler chickens during the experiment

All other broiler management practices, except for the experimental treatments, were applied uniformly on
all broiler clusters to minimize non-treatment variation. The pen and all feed and water equipment were
cleaned and disinfected using virukill at least 14 days before the reception of the broiler chicks. Forty-eight
hours before the arrival of the chicks, bedding of wood shavings and grass was evenly applied to a depth of
between 70 mm and 100 mm in the pen. Clean, cool, fresh water with a vitamin-mineral supplement (stress
pack) was available ad-libitum 6 hours before chick arrival and continued to be supplied with the stress pack
for the next 3 days in water. All 96 chicks were initially reared in a single pen as they were fed the same
starter diet, Table 3. Feed was introduced 30 mins after all the chicks had settled and consumed water. Feed
and water were made available ad libitum throughout the experimental period.

At day 11, the chicks were randomly allocated to the dietary treatments and were managed in their
replicate compartments from which the experimental diet was introduced. The chicks were initially stocked at
a rate of 33 chicks per square meter and reduced to 10 chicks per square meter by the beginning of week
two. Temperature was monitored and maintained at a range of 32 -35°C during the first week, 29 — 32°C for
the second week and 26-29°C for the third week of age. Heating of the house was done using an infra-red
lamp (250 watts) with a back-up of charcoal drums (drum brazier) in cases of electrical failure. Closing and
opening of curtains at the housing units was done to control ventilation.

Experimental design and Treatments

A Completely Randomized Design (CRD), was employed in the study with two dietary treatments
replicated 6 times with 8 birds in each replicate, resulting in a total of 48 birds per treatment. Prior to the
experiment, broiler chicks were fed on a 22% CP diet formulated from sorghum and soyabean seed meal. The
experimental diet was gradually introduced from day 12 to day 16.

Measurements

Measurements taken during the experiment were feed intake and weight gain. Water intake was
monitored during the experiment to determine the amount of intake. The taste and colour of the meat were
measured at the termination phase of the project, after slaughtering the broiler chickens. Twelve hours prior to
slaughter, feed was removed and only water was given to the birds to empty their gut. After recording live
slaughter weight, six (6) birds were selected from each treatment for slaughter. Birds were then killed by
cervical dislocation, sticking and then fully bled.

Meat taste quality parameter

Pieces of chicken from the slaughtered 6 chickens from each trial group were boiled in aluminium pot with
300 mm of water. After boiling, the chicken was salted to taste and allowed to simmer, awaiting tasting. Other
pieces of chicken were deep-fried and salted to taste. Both boiled and deep-fried meat was cooked using an
electric stove at an optimum temperature of 78 °C. Cooking time was 20 mins. Apple pieces were used to
clear residual mouth taste after tasting each meat sample. Consumers were asked for their responses. The
attributes evaluated were appearance, smell, texture and taste.
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Data analysis

A two-sample t-test in GenStat 18t edition was performed to statistically assess differences in weight gain
between the control and the experimental treatment group at a 95% confidence interval. For analysis of
carcass quality parameters, frequencies of responses/ratings by broiler meat consumers were compared.

Results

Effect of baobab seed meal on growth performance of Ross commercial broiler chickens
There were no significant differences (p=0.7) in growth performance between baobab and soyabean-
based diet up to the marketing stage, Figure 1.
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Figure 1. Broiler chicken weekly liveweight growth performance
Less variation to the population mean is expected when using baobab meal in broiler nutrition (Table 4).

Table 4. Average growth performance (grams) of the broiler chickens by day 42

Parameter Value SD Se
Control (g) 2214 2.66 1.09
Experimental (g) 1921 2.56 1.05
Grand mean 2067

p value 0.70

Feed intake was not compromised by the inclusion of baobab seed meal
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Feed conversion efficiency
Feed consumption and average liveweight gain were used to compute feed conversion efficiency (FCE)
for each phase and also for the overall trial period, Table 5.

Table 5. Feed conversion efficiency of the broiler chickens over a 28-day trial period

Treatment Feed consumed per bird Average weight gain Feed conversion ratio
Control group

Grower stage (g) 1360 986 1.38

Finisher stage () 2000 1998 1.00

Overall (g) 3360 2214 1.52

Experimental group

Grower stage (g) 1360 978 1.39

Finisher stage (9) 2000 1781 1.12

Overall (g) 3360 192 1.75

Effect of baobab seed meal on carcass parameters

Meat taste quality parameter

Using a 9 point hedonic scale, responses from 100% of sampled broiler meat consumers confirmed taste,
texture and appearance of cooked meat from broilers as good. However, the respondents confirmed that
deep-fried chicken had good appearance and sensed good.

Discussion of results

Baobab seed meal has a reasonable CP value, though not enough to be used as a standalone protein
source due to the need for a higher CP content in the diets of broilers. However, its levels are ideal when used
on a partial substitution basis. Chisoro et al (2017); and Madzimure et al (2011), have reported baobab seed
meal CP content in the range 17-36% on dry matter basis, 15-25% crude fibre, 5-14% residual oil and energy
level ranging 4.19-16.8 kJ/kg. The nutritional value is comparable to sunflower 24.4-36.7% CP and 19.2-210
kJ/kg and soyabeans hulls 10.5-19.2% CP and 17.5-18.7 kJ/kg. The current baobab CP of 16.7% falls within
the range that has been reported by other researchers. Also, the crude fibre and crude lipids observed were
within the range of values reported in literature (Madzimure et al., 2011). Muthai et al (2017), further stated
baobab seeds if incorporated in livestock diets can provide some of the necessary vitamins, fibre and amino
acids particularly methionine and lysine which are usually the limiting amino acid in most cereals but vital to
livestock production. The results of this study were consistent with Chimvuramahwe et al (2011) who reported
that baobab seed cake (BSC) can be included in the diets of broilers as a protein source without
compromising growth performance. Alternative cheap protein sources in protein diets are hinged on feed
safety, production and nutritional value (Chisoro et al., 2017).

Treated baobab seed meal supports growth in broiler chickens just like roasted soyabean meal. At
inclusion levels of 28.8% and 42.5% for growers and finisher phase, respectively, broilers just performed as
those on a 100% soyabean-based diet. The inclusion levels of baobab seed meal in the current study were
limited by the nutritional value of the baobab seed meal, as the target was to formulate a diet that was iso-
nitrogenous to the ones on the market for the respective growth phases. Baobab seed meal used in the
current study had nutritional values in the same range as those reported by Chisoro et al (2019). Feed intake
was not compromised and this was attributed to the aroma familiar with the baobab seed meal (Lawan et al.,
2021). Feed intake is the pacesetter to body weight gain and feed conversion efficiency in broiler chickens
(Chimvuramahwe et al., 2011).
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The current findings are in support of Rafiu et al (2017) who also observed that higher baobab seed meal
inclusion levels up to 40% can be used without any negative effects on the growth performance of broiler
chickens. There were higher average daily weight gains of chickens fed 10% and 20% baobab seed meal, as
reported by Bale et al (2013). Baobab seed meal produces good carcass parameters, as reported by Chisoro
et al (2018), who presented better carcass characteristics in chickens fed up to 20% baobab seed meal.

Chisoro et al (2019), reported that the baobab seed meal, included at 20% can result in higher weight
gain. However, baobab seed contains a higher fiber content that may negatively affect feed ingredient intake
for avian species, impacting its utility as an alternative feed ingredient. Chisoro et al (2019), reported that
inclusion of BSM in poultry improves carcass percentage and increases the passage rate of digester through
the digestive tract as well as the physical capacity of intestines in birds.

Effect of feeding baobab seed meal on broiler carcass characteristics

The crude protein content in the current baobab seed meal (16.7%) limits its inclusion above 42.5% in
broiler finisher diets, as inclusion levels above that will fail to meet the targeted CP requirements for the broiler
chickens. The findings suggest that baobab seed meal can be used as a suitable alternative protein source in
broiler chickens’ diets up to 42.5% inclusion level without compromising bird performance. The inclusion of
baobab seed meal in broiler feed formulations, substituting for soybean meal, has been shown to have no
negative impact on consumers in terms of color and taste quality parameters. This comes after consumers
made a rating good for quality parameters on both meats from broilers fed a from control diet and
experimental diet.

Conclusion

The study concluded that partial substitution of soyabean with baobab seed meal as a protein source is
feasible during the growth phase without compromising broiler growth performance, meat taste and carcass
color characteristics. Processing practices employed: roasting, ash-soaking, and boiling were effective in
reducing levels of trypsin inhibitors, tannins and phytates. Smallholder farmers with access to baobab seed
meal can use it as a feed protein source to partially substitute conventional protein sources like soyabean
meal in commercial broiler chicken production. However, further evaluation of the quality of the protein in
baobab seed meal for poultry is recommended.
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