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Abstract 

This study was conducted to determine the growth performance of West African Dwarf (WAD) 

goats fed African Star Apple based diets. A total of sixteen (16) WAD goats of both sexes were 

randomly allotted into four experimental treatments in a complete randomized design. Four 

experimental mash diets were compounded with the inclusion of Chrysophullum albidum 

replacing wheat offal at 0, 10, 20 and 30% (T1, T2, T3 and T4, respectively) graded levels. 

These diets were fed to the goats at 3% of their body weight as a supplement to the basal diet of 

Panicum maximum. The experiment lasted for 16 weeks. The proximate composition of the 

experimental diets indicated that dry matter was higher in T1 than in other diets. Diets 

containing inclusion levels of Chrysophyllum albidum (T2, T3 and T4) were higher in crude 

protein, crude fibre, ether extract and ash contents than the T1 diet. However, goats fed diets 

T1 and T2 had significantly higher total weight and average daily gain than T3 and T4. The 

feed conversion was best in goats fed the T2 diet, followed by T1, T3 and T4. Goats fed diet T2 

had significantly higher crude protein, crude fibre and ether extract digestibility coefficients 

compared to goats fed other diets. It could be concluded that the inclusion of Chrysophullum 

albidum in the diets of WAD goats at 10% led to optimum performance characteristics and 

digestibility coefficients. 
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Description of Problems

Goats are endowed with special attributes 

such as heat tolerance, disease resistance, 

short generation interval, and high 

reproduction rate [1]. Goats are considered 

superior to other ruminant species in their 

utilization of poor-quality and high-fibre 

feeds [2]. They are mostly kept for meat, milk 

and skin production. Other purposes of 

keeping goats include household income, 

festival celebrations and special occasions 

[3]. Various factors contributed to the low 

productivity such as health constraints, 

management as well as, shortages in feed 

quality and quantity [4]. The major constraint 

to ruminant livestock production in the 

tropics is the availability of cheap and quality 

feedstuffs especially in the dry season, as 
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reported by [5]. [6] observed that in the 

tropics, ruminants are raised mainly on 

grasses, which are poor in nutrients and 

digestibility during the dry season which 

leads to a loss in total weight gain in the dry 

season [7]. [8] stated that poor productivity 

and high mortality of stock, which 

characterize the livestock production 

industry, are largely explained by not feeding 

the right quantity and quality of feeds to the 

various livestock species. 

However, the high cost of conventional feed 

resources necessitated the search for cheap 

alternative feedstuffs such as Chrysophullum 

albidum fruits. African star apple (C. 

albidum) is a dominant canopy tree of 

lowland and mixed rainforests, sometimes, 

riverine [9]. It is also reported that it is an 

excellent source of vitamins, irons, and 

flavours to diets 10]. [11] reported that the 

pulp contains a valuable amount of crude 

fibre, fat, mineral matter and caloric value. 

Carbohydrates and crude protein in the fruit 

are higher in the seeds. Early reports [12] 

found the crude protein, carbohydrate, crude 

fat, crude 36 fibre, and total ash contents in 

seeds as 8.75, 83.38, 3.45, 2.42 and 2.00%, 

respectively, warranting the seeds as a good 

novel feedstuff in animal feed. The potentials 

of the seeds of C. albidum have not been fully 

utilised and during its season they are found 

as litter around communities constituting 

environmental pollution [13]. Therefore, this 

s tudy  examined  the  pe r fo rmance  

characteristics and digestion in WAD goats 

fed graded levels of C. albidum-based diet.

Material and Methods

Experimental site

The experiment was carried out at the Sheep 

and Goat Unit of the Teaching and Research 

Farm, Obafemi Awolowo University, Ile Ife, 

Osun State, Nigeria. The experiment lasted 

for twelve (16) weeks.

Processing of Chrysophyllum albidum

Chrysophullum albidum fruits were sourced 

within and outside the University campus. 

The C. albidum fruits were separated from 

the chaff and dried for one week before they 

were milled and mixed with other ingredients 

such as Rice bran, wheat offal, maize, palm 

kernel cake, and premix.

Experimental diets

Four experimental mash diets were 

compounded with the inclusion of C. 

albidum replacing wheat offal at 0, 10, 20 and 

30% graded levels (Table 1). These diets 

were fed to the goats at 3% of their body 

weight as a supplement to the basal diet of 

Panicum maximum.

A total of sixteen (16) West African dwarf 

goats were purchased in local goats market in 

Ile Ife and Ede with an average weight of 5.25 

kg. The West African goats were housed in 

disinfected and well-ventilated pens. They 

were given feed and water for thirty-one (31) 

days before the beginning of experiments to 

adapt them to the diets of C. albidum. 

Thereafter, animals were randomly allotted 

to four treatments in a complete randomized 

design [each treatment comprised of four (4) 

West African dwarf goats]. 
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Data collection

The animals were weighed before the 

commencement of the experiment and 

s u b s e q u e n t l y  w e e k l y  d u r i n g  t h e  

experimental period and the daily weight 

gain was calculated from initial weight less 

the final weight. Daily Feed intake was 

estimated by subtracting the leftover feed 

from the feed offer for each day of the 

experiment.

Digestion trial

Three animals were randomly selected and 

acclimatized in the metabolism cage for a 

week with facilities for a separate collection 

of faeces and urine. Ten per cent (10%) of 

faecal samples were taken per day and dried 

in the oven at 70° C for 24 hours then bulked, 

thoroughly mixed, ground and sub-sampled 

for chemical analysis

Apparent Digestibility = Nutrients in Feeds – 

Nutrients voided in 

faeces X 100

Nutrients in Feeds

Samples of experimental diets and faeces 

voided were taken to the Poultry Meat 

Laboratory, Obafemi Awolowo University, 

Ile Ife, Osun State, Nigeria for proximate 

analysis according to the procedure of [14].

Statistical analysis 

All data obtained from the Study were 

subjected to a one-way analysis of variance 

(ANOVA) of [15] and significant means 

were separated using Duncan's multiple 

range test option of the same package.

Results and Discussion 

The proximate analysis of the experimental 

diets indicated that dry matter was higher in 

T1 than other diets (Table 2). Diets 

c o n t a i n i n g  i n c l u s i o n  l e v e l s  o f  

Chrysophyllum albidum (T2, T3 and T4) 

were higher in crude protein, crude fibre, 

ether extract and ash contents than the T1 

diet. However, diet T1 had the highest 

carbohydrate fraction compared to T2, T3 

and T4 diets. [16] reported a higher crude 

protein content of 19.80–21.59% in C. 

albidum and a study by [17] also showed the 
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Table 1 Gross composition of the experimental diets  

Ingredients (%) T1 T2 T3 T4 

Maize 15.00 15.00 15.00 15.00 
Wheat offal 58.00 48.00 38.00 28.00 
Chrysophyllum albidum 0.00 10.00 20.00 30.00 
PKC 13.00 13.00 13.00 13.00 
Rice Bran 10.00 10.00 10.00 10.00 
Salt 2.00 2.00 2.00 2.00 
Premix

 
2.00

 
2.00

 
2.00

 
2.00

 

TI; Concentrate diet with 0% inclusion of Chrysophyllum albidum, T2; Concentrate diet with 10% inclusion of
Chrysophyllum albidum, T3; Concentrate diet with 20% inclusion of Chrysophyllum albidum, T4; Concentrate diet with
30% inclusion of Chrysophyllum albidum Experimental animal and management
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crude protein content of C. albidum was 

reported to be between 8.00 to 9.44%. This 

was slightly lower than the values obtained in 

this study. The crude fibre content of the diets 

obtained in this study was higher than the 

findings of previous studies on the same fruit 

species [18]. A study by [19] reported the 

ether extract content of the C. albidum to be 

5.9%. The values obtained in the current 

study fall within the range of values reported 

in these previous works. The high ether 

extract content in C. albidum may be 

attributed to the presence of oils and fats in 

the plant. The C. albidum has been reported 

to contain essential fatty acids such as 

linoleic acid, oleic acid, and palmitic acid. 

The content of NFE decreased as the level of 

incorporation of C. albidum in the diet 

increased. A study conducted on the chemical 

composition of C. albidum reported a lower 

content of carbohydrates (43.9%) than what 

was observed in this study [20].
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Table 2 Proximate composition of the experimental diets

 

Parameters

 
T1

 
T2

 
T3

 
T4

 

Dry matter
 

90.09
 

88.82
 

88.80
 

88.94
 

Crude Protein            11.80
 

13.57
 

13.27
 

12.12
 

Crude Fibre               9.06
 

11.32
 

13.24
 

14.41
 

Ether Extract             2.93 4.34 3.56  6.16  

Ash    4.87 6.89 8.16  8.02  

NFE 71.34 63.80 61.77  60.30  

TI; Concentrate diet with 0% inclusion of Chrysophyllum albidum, T2; Concentrate diet with 10% inclusion of Chrysophyllum albidum,
T3; Concentrate diet with 20% inclusion of Chrysophyllum albidum, T4; Concentrate diet with 30% inclusion of Chrysophyllum albidum, 
NFE; Nitrogen free extract.

There were no significant differences 

(p>0.05) in the means of average daily feed 

consumption, average initial weight and 

average final weight (Table 3). However, 

goats fed diets T1 and T2 had higher (p<0.05) 

total weight and average daily gain than T3 

and T4. The feed conversion was least 

(p<0.05) in goats fed the T2 diet compared to 

other treatments. The total weight gain in this 

study was lower than 3.42 – 4.45 [21] for 

WAD goats fed wheat offal-carried pineapple 

waste. The ADG observed in this study were 

higher than that reported by [22] when they 

included African Star Apple seed meal in the 

diets of WAD goats after consuming the 

highest level (10%) of African Star Apple. 

Furthermore, the FCR in this study was 

higher than 5.67 – 8.32 reported by [23] for 

WAD goats fed bread waste and Moringa 

oleifera based diet

There were significant differences (p<0.05) 

in the means of all apparent nutrient 

digestibility across the treatments except in 

the dry matter and ash (Table 4). Goats fed T2 

had higher (p<0.05) crude protein, crude 

fibre and ether extract digestibility 

coefficients compared to goats fed other 

diets. However, the carbohydrate fraction 

digestibility was higher (p<0.05) in goats fed 

diet T1 followed by T2 and T4, then T3. The 

values obtained were similar to values 
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reported by [24]. The amount of fibre 

fractions in the diet has been reported to 

influence digestibility in animals [25]. [26] 

reported that the extent of degradation by 

rumen microflora has important implications 

for both intake and digestibility. The 

observed CP digestibility of animals in this 

study was higher than 64.65–72.08 reported 

by [27] for WAD goats fed grass-legume 

pellet. 
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Table 3 Growth Performance of the WAD goats fed African star apple

Parameter

 

T1

 

T2

 

T3

 

T4

 

SEM

 

P value

ADFC(g/day)

      

Concentrate
 

139.46      
 

143.62 
 

132.39 
  

132.65

 

4.16
 

0.7693

Panicum 
 

479.82
 

486.48
 

448.40
 

450.30 
 

14.21
 

0.7379

Total ADFI 619.27
 

630.10
 

580.79
 

582.95
 

18.37  0.7600

AILW (kg) 5.23 5.25 5.20  5.20  0.18  0.9997

AFLW (kg) 7.37 7.53 6.58  6.62  0.21  0.2726

TWG (kg) 2.15a
 2.28a

 1.38b
 1.43b

 0.13  0.0020

ADG (g)
 

25.60a

     
27.08a

 
16.37b

 
16.96b

 
1.51

 
0.0020

FCR 10.01b

 
9.67a

 
14.80c

 
14.14d

 
0.85

 
0.0361

a, b, c, d: Means within each row with different superscripts are significantly different (p<0.05)
ADFC: Average daily feed consumption, ADFI: Average daily feed intake, AILW: Average initial 
live weight, ADG: Average daily gain, AFLW: Average final live weight, TWG: Total weight gain

Table 4 Apparent nutrient digestibility of WAD goats fed the experimental diets

Parameters (g/kg)

 

T1

 

T2

 

T3

 

T4

 

SEM

 

P value

Dry matter

 

89.46      

 

89.10

 

88.96   

 

88.66

 

0.18    

 

0.5233                                          

Crude Protein

 
95.08b

 

96.99a

 

84.80c

 

75.81d

 

2.58        

 
<.0001                                         

Crude Fibre
 

80.88ab

 

87.20a

 

73.45bc

  
72.15c

 

1.91        
 

0.0116                                    

Ether Extract
 

83.61a
 

86.42a
 

73.51b
 

58.12c  
3.55                                        0.0004                                          

Ash 69.01  68.85 65.46 64.85  2.15           0.8911                                        

Carbohydrate fraction 90.42a 
85.19ab 

80.85b 84.12ab  
1.46                                                                                0.1131                                          

a,b,c,d: Means in the  same row having different superscripts are significantly different (P<0.05) TI; 

Concentrate diet w ith 0% inclusion of Chrysophyllum albidum, T2; Concentrate diet with 10% 

inclusion of Chrysophyllum albidum, T3; Concentrate diet with 20% inclusion of Chrysophyllum 

albidum, T4; Concentrate diet with 30% inclusion of Chrysophyllum albidum, NFE; Nitrogen free 

extract.
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Conclusion and Application

It could therefore be concluded that the 

inclusion of Chrysophullum albidum in the 

diets of WAD goats could serve as an 

alternative feed source.However, inclusion at 

1 0 %  l e d  t o  h i g h e r  p e r f o r m a n c e  

characteristics and digestibility coefficients. 
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