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Abstract 
 

Underutilized legumes could provide nutrition to indigenous goats vulnerable to inadequate nutrition 

during the breeding season in Africa. The study evaluated dry matter intake, average daily gain 

(ADG), feed conversion efficiency (FCE), body condition score (BCS), hematological parameters, 

serum hormones and urea nitrogen production in West African Dwarf (WAD) does supplemented with 

soaked African yam bean (AYB)-based concentrates. Forty WAD does were randomly allotted in a 

complete randomized design into each of four diets AYB-0, 1, 2 and 3 with 0, 12.5, 25.0 and 37.5% 

AYB inclusion levels as replacement for soybean meal in the concentrate. Animals were fed Guinea 

grass (Megathyrsus maximus Jacq.)  ad-libitum. Data on daily feed intake, body weight and BCS were 

collected weekly, while blood samples were obtained from the jugular vein for evaluation of 

haematological, serum hormones and urea nitrogen concentrations of does at initial and 56 days. 

Increasing the level of soaked-AYB in the diet from 12.5 to 37.5% reduced ADG, FCE and BCS; while 

cost/daily gain increased significantly (P<0.05). Neutrophil-lymphocyte ratio decreased (P<0.05) 

indicating improved welfare of pregnant does in the first trimester. Findings support feeding of WAD 

does with soaked AYB-1 during the dry season to ameliorate feed and nutritional stress.  
 

Keywords: Average daily gain; Hematological profile; Health status; Neutrophil-lymphocyte 

ratio; Serum hormones. 

 

Description of Problem 

 Goats are a major source of livelihood 

and sustainability to many smallholders and 

emerging farming households across various 

agroecology in Africa (1). Reproductive and 

growth potential of West African Dwarf 

(WAD) goats can be improved with 

nutritional supplements or concentrate feed 

(2). Inadequate nutrition results in abortion, 

low birth weight and delay in returning to 

estrous in does. Above scenario justifies 

strategic supplemental feeding (3) especially 

when forage quality and quantity is low. 

Economic implication of supplemental 

feeding makes neglected and underutilized 

legumes a potential source for formulating 

rations for goats and sheep, as they do not 

present strong competition between humans 
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and animals. Their production is often 

adapted to the mixed crop-livestock systems 

typical among emerging and smallholder 

farmers across Africa. African yam bean 

(AYB, Sphenostylis stenocarpa), is an 

underutilized legume with edible seeds and 

tubers, consumed by humans and animals 

(4). It is easily available in the crop-livestock 

mixed farming areas, and unit price is 

cheaper than most other common pulses in 

the open markets especially soyabean. It is 

adjudged to be rich in nutrients and 

phytochemicals which could enhance growth 

and performance in farm animals (5). The 

nutritional profile is comparable to pigeon 

pea and cowpea in protein and carbohydrate 

(4, 5). According to (5), crude protein, total 

carbohydrates, and neutral detergent fibre 

concentration of crude AYB was 190, 633, 

and 324 g/kg DM respectively. Although, 

AYB contains some phytochemicals such as 

flavonoids, protease inhibitors, phytate, 

saponins, oxalate and tannins, simple 

processing techniques reduce their 

concentrations to tolerable levels (6). 

Soaking for 48 hrs significantly reduced total 

phenol, total tannin, oxalate and phytate 

concentration to tolerable levels but did not 

affect anti-trypsin inhibitors concentration 

(5). Furthermore, in vivo trials are required 

to establish optimum inclusion levels, and 

determine the effect of different inclusion 

levels of processed AYB on feed intake, 

growth and health status of various animal 

categories. A fast means of assessing clinical 

and nutritional effects of feeding trials is 

through blood analysis (7).  

Serum leptin levels can be used to 

determine feed intake and body energy status 

of individuals. Blood urea nitrogen is an 

indication of protein fermentation from 

rumen, while higher dietary protein content 

of diets is often associated with increase in 

urea level (8). Although, toxicity of raw 

AYB is acknowledged, the effect of residual 

antinutritional factors in processed AYB on 

animal intake, rumen fermentation and 

health indicators of ruminants is unknown. 

Similarly, information on the haematological 

and hormonal profile of WAD does fed 

soaked AYB is also limiting in literature. 

The study aimed to evaluate effect of 

different diets based on soaked AYB meal 

on intake, daily gain, blood and serum 

metabolites profile of WAD does. It was 

hypothesized that the best diet shall improve 

feed utilization efficiency without negative 

effect on hematology and serum profile.  

 

Materials and methods 

 The study was conducted at the 

Teaching and Research Farm, Federal 

University Oye-Ekiti, Nigeria, located on 

7.8°N, 5.2°E. Harvested and sundried AYB 

seeds were soaked in clean water for 24 

hours, drained and sundried for seven days to 

constant weight. Thereafter, seeds were 

crushed in a hammer mill through 5 mm 

screen size to obtain sundried, soaked AYB 

meal. The seeds of AYB were thus treated to 

reduce the anti-nutritional factors therein to 

tolerable levels. Four concentrate diets were 

formulated with 0 (control), 12.5, 25.0 and 

37.5% AYB as replacement for soybean 

meal as main protein source. The ingredients 

and chemical composition of experimental 

concentrate diets are shown in Table 1.   

 

Animal housing and experimental 

procedure 

 Forty (40) breeding WAD does with 

average body weight of 11.4±3.49 kg and 

aged 2-3 years old, tagged and given routine 

prophylactic treatments and Pestes des petits 

ruminants (PPR) vaccination individually 

was used for the trial. These were 

synchronized with Prostaglandin F2α 

(Estrumate) injection at 1 ml /doe, repeated 

at 7-day interval. That is, on days 1 and 8, 

serviced by natural mating from day-21 
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onward, and successful conception 

confirmed by pregnancy strip test and 

introduction of Bucks at day-35. Thus, the 

experiment started with does in their first 

trimester stage from day 1 to 56th day. Does 

were ranked and grouped by weight. From 

each weight group, individuals were 

randomly allocated to each of four dietary 

treatments in a completely randomized 

design: i) control concentrate diet ii) 

concentrate with 12.5% AYB inclusion, iii) 

concentrate with 25.0% AYB inclusion, and 

iv) concentrate with 37.5% AYB inclusion. 

Each experimental treatment group 

contained 10 animals. Each doe was housed 

individually in roofed-crib with open area for 

roaming. The average room temperature and 

humidity range were 21.7-30.5
0
C and 72–

78%. All animals consumed wilted guinea 

grass (Megathyrsus maximus Jacq.) ad-

libitum while concentrate portion was 

offered once a day in separate feeding 

troughs at 260 g/day per animal at 08h00. 

Portable water was always available. 

Experimental period lasted for 56 days. 

 

Table 1: Ingredient composition and chemical analysis, (g/kg DM), of guinea grass 

forage and concentrate diets fed to West African Dwarf does 
                       Diets 

Ingredients Guinea grass Control/AY
B-0 

AYB-1 AYB-2 AYB-3 

Dried Cassava Peels (g/kg)  500 500 500 375 
Yellow Maize (g/kg)  195 195 195 195 
Soyabean meal (g/kg)  250 125 0.0 0.0 
African Yam Bean (g/kg)  0 125 250 375 
Urea (g/kg)  12.5 12.5 12.5 12.5 
Salt (g/kg)  12.5 12.5 12.5 12.5 
Dicalcium phosphate (g/kg)  25.0 25.0 25.0 25.0 
Vitamin-MineralPremix1 (g/kg)    5.0   5.0   5.0   5.0 
Total  1000 1000 1000 1000 
Analyzed nutrient composition (g/kg DM) 
Dry matter 260 867 868 867 867 
Crude protein 94 144.5 119.0 93.5 118.8 
Neutral Detergent Fibre 600 236.4 263.7 291 291.7 
Acid Detergent Fibre 380 138.0 165.1 192.0 204.9 
Calcium 5.60   85.4   85.1   84.9   66.2 
Phosphorus 25.10   12.0   11.3   10.6     9.2 
ME (Kcal/kg DM) 1938.75 2,341.0 2,039.0 1,737.0 1,469.2 
1
Masterfeeds goat premix contains (g/kg): Calcium, 180 g; Phosphorus, 60 g; Magnesium, 45 g; 

Sulphur, 5.6 g; Sodium, 0.93 g; Potassium, 23 mg; Iodine, 45 mg; Iron, 2370 mg; Copper, 500 mg, 

Manganese, 2,500 mg; Zinc, 3000 mg; Cobalt, 18 mg; Fluorine, 500 mg; Vitamin A, 400,000 IU; 

Vitamin D, 80,000 IU; and Vitamin E, 1,600 IU. AYB: African yam bean diets 1, 2 and 3 at inclusion 

levels 12.5, 25.0 and 37.5 %; ME: Metabolizable Energy. Calcium, Phosphorus and ME were 

calculated. 

 

Data collection  

 These included feed intake, body 

weight, body condition score (BCS), 

hematological and serum (insulin, leptin, 

IGF-1 and urea) parameters. Both grass and 

concentrate diets offered, and left-over feeds 

were recorded daily, and were used to derive 

average daily feed intake (DFI, g) per 
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animal. The body weight of does were 

weighed weekly in kg. These two traits were 

used to derive the average daily gain (ADG, 

g) of each animal. The feed conversion 

efficiency (FCE, %) was derived from ADG 

and DFI. The body condition of does were 

scored (BCS) weekly based on the 5-point 

scale for goats namely; 1: too thin/very thin, 

2: thin, 3: satisfactory/good, 4: satisfactory 

but tending towards fat, and 5: too fat/obese 

(9).  

 

Table 2: Total Intake (g DM/d), average daily gain (d), feed conversion (%) and body 

condition score in West African Dwarf does supplemented with African yam beans-

based diets 
 

 Diets   

Parameters Control/ 
AYB-0 

AYB-1 AYB-2 AYB-3 SED P-values 

Concentrate intake (DMC g/d) 190 252 250 211 13.10 0.2433 

Forage intake (DMF g/d) 284 378 374 317 19.70 0.3253 

Total DM intake (TDM g/d) 474 630 624 528 32.50 0.1383 

       

Crude protein intake (CPI g/d) 49.7 69.5 64.2 75.9 5.580 0.1394 

Neutral detergent fibre intake (NDF 
g /d) 

277.0 382.0 356.0 365.3 23.30 0.3842 

Acid detergent fibre intake (ADF g/d) 180 252 241 255 17.60 0.1452 

Initial body weight (kg) 12.0 13.5 12.5 13.6   0.41 0.4413 

Final body weight (kg) 12.9 15.1 14.0 14.7   0.46 0.3511 

Average daily gain (ADG g) 16.7c 28.6a 26.8a 19.6b   2.07 0.0184 

       

Feed conversion efficiency (FCE %) 3.39b 4.54a 4.29a 3.72ab   0.86 <0.0500 

Body Condition Score (BCS) 2.16d 3.30a 3.10b 2.90c   0.13 0.0178 

       

Cost of Feed Intake /day (N/kg) 83.20c 130.90ab 149.70a 142.20a 12.94 <0.0500 

Cost/daily gain (N/kg)   5.18b     4.58c     5.59b     7.24a   0.49 <0.0500 
a, b, c 

Means in the same row with different superscripts differ significantly (P <0.05). AYB-1, AYB-2 

and AYB-3, inclusion of 12.5, 25.0 and 37.5%, respectively, of soaked-AYB as replacement of 

soybean meal.  

 

Sampling and analytical procedures  

 Diet samples across days were pooled, 

mixed and sub-sampled for analysis. These 

were analyzed for dry matter (ID, 934.01), 

crude protein (ID, 968.06) according to 

AOAC (10, 2000) procedures. Neutral 

detergent fibre (NDF) and acid detergent 

fibre (ADF) concentrations were analyzed 

according to (11).  Before the experimental 

feeding and at the end of the 56-day trial 

period, 5 mL blood samples were collected 

from the jugular vein of each doe, separated 

into two labeled-bottles (red-cover: 

haematology; blue-cover: serum) for each 

doe. These were stored in the refrigerator 

and transported in cooled boxes to Public-

Private-Partnership laboratory of the 

University College Hospital, Ibadan, Nigeria 

for laboratory analysis. Red-covered samples 

containing ethylene-diamine-tetra-acetic acid 

(EDTA) were used. These samples were 

prepared with special blood lysing buffer for 

Jesuyon et al 



182 
 

goat hematology (Concentrated Lysing 

Reagent, SEAC, Florence, Italy) in the 

CELL-DYN 3700 analyzer within 45 

minutes (12). Samples collected into blue-

covered empty vacutainer bottles were 

analyzed for insulin, insulin-like growth 

factor-1 (IGF-1) and leptin concentrations by 

the enzyme-linked immunosorbent assay 

(ELISA) technology - kits calibrated for 

goat, supplied by Bioassay Technology 

Laboratory, Shangai, China (13). The serum 

urea nitrogen concentration was determined 

from the blue-covered samples using the 

Cobas C-311 automated analyzer developed 

by Roche (Germany).  

 

Table 3: Hematological and serum biochemical parameters of West African Dwarf does 

fed concentrate diets containing soaked African yam bean  
                                                Diets   

Parameters 1Baseline Control/ 
AYB-0 

AYB-
1 

AYB-
2 

AYB-
3 

SED P-
value 

Packed cell volume (%) 23.8 23.0 24.6 26.0 25.8 0.57 0.6283 

Haemoglobin (g/dl) 7.17 7.75 7.31 8.70 8.12 0.20 0.1721 

        

Red Blood Cell (x1012/L) 4.29 4.16 3.43 3.89 4.25 0.13 0.3637 

Mean Corpuscular Volume (fL) 5.80 5.52 8.03 7.05 6.24 0.31 0.1766 

Mean Corpuscular Haemoglobin (pg) 1.73 1.86 2.37 2.35 1.97 0.09 0.0886 
Mean Corpuscular Haemoglobin 
Concentration (g/L) 

302 337 301 338 317 5.95 0.1920 

        

White blood cells (x109/L) 14.9 13.6 13.6 13.6 14.0 0.63 0.9240 

Neutrophils (%) 38.0 39.0 42.0 43.5 36.8 1.64 0.8466 

Lymphocytes (%) 46.4 46.7 39.6 40.5 47.6 1.76 0.6859 

Neutrophil-lymphocyte ratio (NLR) 0.93 0.98ab 2.53a 1.14ab 0.78b 0.20 0.0500 

Monocytes (%) 11.6 10.0 14.4 9.00 9.60 1.37 0.8956 

Eosinophils (%) 5.78 3.00 2.80 6.00 5.20 0.50 0.3020 

Basophils (%) 1.53 2.00 2.00 2.00 2.00 0.09 0.1405 

        

Urea (mg/dL) 40.9 46.5 35.8 44.2 45.4 1.73 0.3585 

Insulin (ng/mL) 12.3 8.39b 5.77c 4.19c 15.1a 1.18 0.0243 

Insulin-like growth factor-1 (ng/mL) 128 158ab 128ab 107b 313a 27.81 0.0500 

Leptin (ng/mL) 41.3 30.7a 18.3b 15.3b 14.3a 3.33 0.0500 
1
Baseline: Jesuyon et al. 2022. AYB-1, AYB-2 and AYB-3, inclusion of 12.5, 25.0 and 37.5%, 

respectively, of soaked-AYB as replacement of soybean meal in concentrate.
 a, b, c 

Means in the same 

row with different superscripts differ significantly (P <0.05).  

 

Experimental design and data analysis 

 Design adopted was completely 

randomized design. The research statistical 

model was: Yij = µ + Di + Ɛj; where, Yij= 

individual observations on ith diet, µ = 

general mean, Di = effect of ith diet and Ɛj= 

random error. Data were analyzed using 

GLM procedures, means were separated 

using Duncan Multiple range test procedure 

α<0.05 (DMRT) of SAS v9.3 (14); while 

standardized regression (regs) procedures 

investigated causal relationships among 

serum metabolites, in relation to ADG, FCE 

and BCS within diets (14). The Regression 
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equation model was of the form: 

Y=bX1+cX2+dX3+eX4: where Y represent 

ADG, FCE and BCS; b, c, d, and e, represent 

the coefficients of relationship; and X1, X2, 

X3 and X4 represent insulin, leptin, IGF-1 

and urea concentrations in the serum.  

 Ethics approval. The manuscript does 

not contain clinical studies or patient data. 

The experimental procedures of this work 

were approved by FUOYE Research and 

development /TETFUND Research 

Committee. Procedures complied with the 

ARRIVE guidelines 2019 for reporting 

animal research and EU standards for the 

protection of animals used for scientific 

purposes.  

 

Table 4: Standardized regression relationship of ADG (g/d), FCE (%) and BCS on 

serum metabolites in West African dwarf does fed with soya bean and African yam 

bean meal supplements. 
 

Trait (Y) Diet Insulin (ng/ml) Leptin (ng/ml) IGF-1 (ng/ml) Urea (mg/dl)    R2 

ADG (g/d) AYB-0   0.58 - 0.02 - 0.31   0.10  0.12 
 AYB-1   0.39   0.42 - 0.46 - 0.02  0.08 
 AYB-2 - 0.22   0.15   0.00   0.05 -0.27 
 AYB-3   0.48 - 0.35 - 0.14   0.45  0.01 
       
FCE (%) AYB-0 - 0.02 - 0.21   0.04   0.42  0.06 
 AYB-1   0.19   0.48 - 0.50   0.09  0.06 
 AYB-2 - 0.20 - 0.04 - 0.13 - 0.08 -0.22 
 AYB-3   0.54 - 0.07 - 0.23 - 0.38  0.23 
       
BCS AYB-0 - 0.72   0.90   0.10 - 0.33  0.22 
 AYB-1 - 0.59   0.31 - 0.18   0.37  0.04 
 AYB-2   0.61 - 0.94   0.67   0.27  0.77 
 AYB-3   0.17 - 0.90   0.32 - 0.29  0.16 

ADG: Average daily gain, FCE: Feed conversion efficiency, BCS: Body condition score, R2: Coefficient of multiple 
determination 

 

Results 

 Total dry matter intake (TDM), crude 

protein intake (CPI), neutral detergent fibre 

(NDF) and acid detergent fibre (ADF) 

intakes (g/d, DM) among the treatment 

groups were statistically (P>0.05) similar 

(Table 2). Average daily gain (ADG) 

increased (P <0.05) with higher inclusion 

levels of soaked AYB from 12.5 % to 

25.0%, animals on AYB-3 had lower ADG 

while control diet recorded the lowest ADG 

value. Similarly, FCE (P <0.05) was 

significantly different among treatment 

groups, as values increased with increased 

AYB content in test diets. All AYB diets had 

higher values than the control diet. The body 

condition score (BCS) of does on test diets 

differ statistically (P <0.05) and were higher 

than BCS on the control diet. The BCS of 

does on the test diets decreased (P <0.05) 

with higher levels of AYB in diet. In cost per 

daily gain (N/g), all diets differ statistically 

(P <0.05) as cost per daily gain on diet 

increased with higher levels of AYB. 

 

Increased inclusion levels of AYB in the 

diet did not affect the hematological  

 parameters considered (P >0.05, Table 

3). The PCV, Hb, MCV, MCH, MCHC and 

basophils values for control, AYB-1, -2, -3 

diets were numerically higher than the 

baseline values. In contrast, at 37.5% AYB 
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inclusion, neutrophil-lymphocyte ratio 

(NLR) was lower than those obtained on all 

other diets. Serum insulin, IGF-1 and leptin 

concentrations were also influenced (P 

<0.05) by increasing AYB inclusion levels in 

the diet, but serum urea nitrogen (SUN) 

concentration was similar (P >0.05) across 

dietary treatments and not statistically 

affected by higher inclusion level of AYB. 

Table 4 reveals the standardized relationship 

of ADG, FCE and BCS on serum 

metabolites in experimental does fed with 

control soya bean and African yam bean 

supplemented diets. ADG varied in 

relationship with insulin, leptin, IGF-1 and 

urea (R
2 

= -0.27 - 0.12) among diets. FCE 

was negatively related with all tested 

metabolites in AYB-2 diet (R
2
 = -0.22); but 

negatively related with leptin, IGF-1 and 

urea in AYB-3 (R
2
 =0.23). The BCS varied 

in relationship with above metabolites 

among diets (R
2
 = 0.16 - 0.77) but its 

relationship with insulin, leptin, IGF-1 and 

urea was important and predictable only in 

AYB-2 diet (R
2 
= 0.77).  

 

Discussion 

 The lack of significant differences in 

TDM could be attributed to the similarity in 

CPI, NDF and ADF intake values among 

diets. With similar nutrient intake, other 

factors such as palatability could have 

influenced the numerically higher TDM on 

the AYB test diets than on control diet. High 

daily dry matter intake of animals has a 

positive and direct effect on average weight 

changes (15). The apparently decreased 

TDM (630 - 528 g/day), with increased level 

of AYB in diet, might be due to effect of 

increased residual anti-nutritional factors in 

soaked AYB fraction in diet - saponin (6.75 

m/100gm), tannin (2.06 mg/100g) 

determined in earlier study (5); protease 

inhibitors - (16, 17) and reduced tolerance 

for higher quantity of AYB in the diet. 

Saponins are naturally occurring foam-

producing steroidal glycosides that reduce 

uptake of certain nutrients, glucose and 

cholesterol with various biological effects 

due to structural differences in their 

sapogenic fractions (16). Tannin also 

decreases feed consumption, palatability, 

nutrient digestibility and reduce growth in 

animals due to its ability to form strong H-

bonds with nutrients, interfering with 

digestion and absorption of nutrients in the 

gastro-intestinal tract, thus inhibiting 

digestive enzymes and rumen microbial 

activity (18, 19). Consequently, with 

increased tannin content in diet, these effects 

increase, as concentrations >7% have been 

found to reduce nutrient utilization (16). 

Similarly, protease inhibitors affect dietary 

protein digestion negatively by blocking the 

activity of trypsin and chymotrypsin in the 

gastrointestinal system (20). Observed TDM 

on soaked AYB diets 1 and 2 were superior 

to 557.27 - 594.44 g/day TDM on Korean 

native goats fed with total mixed ration and 

NDF-feeds (21), and the daily DMI of 29.00 

– 38.44 g/day on WAD does fed with maize 

cob diets (22). It has been shown that as 

NDF digestibility increases (45-56%), dry 

matter digestibility increases in young 

female goats fed with concentrate (64%) 

compared to Palm Kernel Cake (56%) 

supplemented group (23). 

Average daily gain (ADG, g/day) was 

better on AYB diets than on control diets. 

This suggested better profile of AYB diet at 

12.5% inclusion level for daily gain, body 

development and welfare in gestating WAD 

does. The increased ADG with higher 

inclusion level of AYB could be attributed to 

higher voluntary TDM, and maximal IGF-1 

metabolism revealed through regression 

analysis on treatment group. The ADG 

obtained on study were lower than 99-115 

g/day on grower Alpine and Nubian goats 

(24) because experimental WAD does were 
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gestating and were generally of lower body 

weight than their Alpine and Nubian 

counterparts. Furthermore, WAD goat is a 

slow growing breed in its natural unselected 

state with pre-weaning growth rate of 35.78 

g/day (25) and post weaning growth rate of 

21.43 - 29.26 g/day in tropical breeds (26, 

27, 28). The ADG obtained presently were 

comparable to above reports.  

IGF-1 mediates postnatal growth 

through regulation of cell proliferation, 

differentiation and reproduction (29). The 

higher metabolism and utilization level of 

leptin on AYB diets (observed on ADG: 

0.42, 0.15, vs -0.35, Table 4; leptin 

concentration: 18.3, 15.3 vs 13.3, Table 3; 

and on ME Kcal/kg: 2,039, 1,737 vs 1,469, 

Table 1) revealed does with decreasing body 

reserves to control diet. Body condition 

score (BCS) assesses amount of fat 

accumulation and muscle covering the 

bones, and it is critical for examination of 

nutritional status of animals. Decreasing 

leptin metabolism could lower energy 

homeostasis, nutrient partitioning between 

tissues and energy metabolism (30).  

 The high FCE on AYB than on control 

diet by goats meant better nutrients 

efficiency on AYB. The increased BCS (4.5 

– 3.7) of does on test diets were considered 

„good and satisfactory‟ as AYB content 

increased in diets. The control diet revealed a 

BCS value which classified does as „thin‟. 

BCS trend on diets revealed higher BCS on 

AYB-1 diet, with highest energy storage 

among test diets. Body condition score 

describes the relative fat reserve or energy 

balance and assesses the amount of fat and 

muscle covering the bones of a domestic 

animal. The positive BCS/urea relationship 

(0.37 – 0.27; R
2
 = 0.04 - 0.77) on AYB-1 

and -2 diets signified excess urea in the 

serum, while the negative BCS/leptin 

relationship (-0.29, R
2
= 0.16) revealed a 

decreased quantity of urea in the serum, and 

relatively higher protein in the presence of 

low energy on AYB-3 diet. The leaner does 

(BCS =2.16) on the control soyabean diet 

was probably due to reduced fat storage and 

energy utilization in body tissues, leading to 

low ADG. Under-nutrition has been 

associated with BCS ≤ 2.0, low levels of 

serum glucose, insulin, IGF-1 and urea, 

while over-nutrition was predicated upon 

high serum insulin, glucagon and urea levels 

in goat (31). Thus, AYB-1 and -2 diets could 

be offered to gestating does for daily 

nutrition and steaming-up of body reserve 

for parturition. The unit cost of production 

per gram gain separated the diets 

economically, thus making AYB-1 diet most 

economically efficient at N4.60/gram daily 

gain.  

 

Most hematological values obtained fell 

within normal ranges reported by  

Cornell (32). The simultaneously high PCV 

and Hb trends presented by test diets 

signified their adequacy for improved blood 

profile compared to the control. NLR is a 

basic inflammatory ratio determined from 

blood count. It has been reported as a 

predictive marker in reflecting a systemic 

inflammatory load as neutrophils and 

lymphocytes are thought to be significant in 

tumor immunology and inflammation (33). 

As a marker of inflammation, NLR has been 

found to be elevated in various diseases and 

complications that affect gestation outcome. 

Gestational complications, such as 

preeclampsia and gestational diabetes, 

ectopic pregnancies, pregnancy-associated 

intrahepatic cholestasis and other illnesses 

have been associated with an increased NLR, 

but little is known on their direct causal 

relationship. It thus could be an accessible 

predictor of common maternal associated 

morbidities and complications of pregnancy 

(34, 35). Mohammed et al. (36) submitted 

that NLR was always significantly higher in 
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non-pregnant cows compared to pregnant 

cows. The NLR in the peripheral blood 

reflects the balance between systemic 

inflammation and immunity and it is an 

important prognostic biomarker for diseases. 

An NLR value above the range 0.78 - 3.53 

may predispose animals to low heath status 

due to tumor and inflammatory development 

processes (37). Pregnant normal goats were 

found to have lower average NLR (0.19) 

compared to lactating goats (0.47) due to 

secretion of progesterone which serve to 

maintains pregnancy and stimulate the CNS 

to produce anti-stress that tend to reduce 

NLR. Low NLR in pregnant does is further 

influenced by increased lymphocyte value 

until the lymphoid organs are fully formed 

and the neonate is born (38). The strong 

statistical differences of NLR on AYB diets 

suggested its importance for evaluating 

health status of the gestating does and could 

effectively assist in treatment decisions. The 

NLR values of AYB diet groups decreased 

(2.53, 1.14, 0.78) as AYB content increased 

from 12.5 to 37.5 % indicating that values 

were within normal range and probably 

indicated improving gestational health on 

diet. These values were higher than 0.37-

1.03 (calculated) from the work of (39) on 

vaccinated and unvaccinated mixed-sex 

WAD goats under same tropical 

environment. These decreasing NLR values 

thus foreclose the possibility of tumor and 

inflammatory development processes or 

physiological abnormalities in foetal 

development of gestating does since these 

conditions develop at values above the 

normal NLR range (37).  

 Dietary protein is degraded to ruminal 

ammonia-nitrogen in ruminants, while urea 

and urinary nitrogen arise largely from 

excess ammonia (40). Urea formation is 

quantitatively the most important end-

product of nitrogen metabolism in goats 

(41). The SUN concentration of control and 

test diets revealed similarity in urea 

metabolism and nitrogen utilization for 

metabolic processes. The lack of real 

differences in serum urea nitrogen (SUN, 36-

45 mg/dL) concentration among AYB diets 

could mean that dietary protein content 

adequately met nutritional demand of does, 

and possibly had positive effects on rumen 

ammonia-nitrogen concentration. Present 

SUN findings were higher than 7.99-11.23 

mg/dL on WAD goats fed with urea-treated 

sugarcane waste and kolanut husk 

supplement (42) in the same environment, 

3.55-4.16 mg/dL on WAD goat fed with fed 

groundnut haulms and cowpea husk 

supplemented with brewers‟ dried grain (43), 

blood urea nitrogen (BUN) values of 20.90-

25.66 mg/dL reported on 0-45% DM Licury 

cake fed to Boer goats by (44); and 6.29-7.31 

mg/dL obtained on 12-14.8% CP diet fed to 

growing goat kids (40).  

Insulin modulates peripheral satiety 

signals and targets the central nervous 

system to inhibit food intake especially 

energy and protein. Both IGF-1 and insulin 

display both growth-related and anabolic 

actions (45). There was a similar trend 

between groups of does on insulin, IGF-1, 

and leptin. Insulin level decreased from 

control diet, to AYB-1 and AYB-2 diets 

hereby improving TDM on AYB-1 and 

AYB-2 while AYB-3 diet which displayed 

maximum insulin level reflected decreased 

TDM (P > 0.05). Present insulin levels on 

control, AYB-1 and AYB-2 are within the 

range of 1.85-7.44 ng/ml reported (46) in 

goats fed with 0-20% dietary crude glycerin. 

Insulin hormone regulates carbohydrate 

metabolism while abnormally high insulin 

levels could be associated with diabetes 

mellitus (47).  

The IGF-1 stimulates anabolic early 

cell growth, differentiation and body 

development. The higher IGF-1 

concentration of AYB-3 diet offered better 
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prospect for development of the foetus in 

pregnant does and confirmed reports that its 

concentration peaks around puberty, but 

decreases with aging (48), and plays 

anabolic effects in adults. All diets posted 

IGF-1 values above the critical lower limit of 

80ng/ml, and therefore foreclosed any 

detrimental effect due to metabolic 

abnormality and diabetes or hypoglycaemia 

(48) in experimental animals. AYB-1 and 

AYB-2 diets displayed higher ability to 

produce leptin and store fat, than does on 

AYB-3. The AYB-1 and -2 diets could 

support steaming-up in gestating does at late 

trimester stage.  

Regression analyses unearthed that 

WAD does on control/AYB-0 and AYB-1 

diets utilized more insulin (-0.72, -0.59) in 

the presence of leptin and urea for body 

conditioning, while AYB-2 and -3 utilized 

more leptin (-0.94, -0.90) in the presence of 

insulin and IGF for same. AYB-1 does 

utilized IGF-1 (-0.18 to -0.46) for daily gains 

in the presence of leptin and urea, while the 

control does utilized IGF-1 (-0.31) in the 

presence of insulin for daily gains. Urea (-

0.38) was basically utilized in AYB-3 does 

in the presence of insulin for FCE, while 

same was utilized (-0.33) in the presence of 

leptin for body conditioning in the control 

does. The does on AYB-3 diet demonstrated 

highest propensity for utilization of leptin, 

urea and IGF-1; AYB-2 does utilized more 

of leptin, insulin and IGF-1; while AYB-1 

does utilized more of insulin, IGF-1 and urea 

for daily gains and body conditioning. It thus 

seemed that does on different dietary 

treatments demonstrated different modes of 

metabolism of diets. 

 

Conclusion and Applications 

1. Soaked African Yam bean at 12.5% in 

concentrate diet produced highest 

average daily gain, feed conversion 

efficiency and body condition score. 

2. Economically, AYB-1 diet was the 

cheapest at N4.60/gram of daily gain.  

3. It could be adopted to feed West 

African Dwarf does due to absence of 

noticeable adverse effects on 

hematology and serum metabolites. 
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