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Abstract 

The purpose of this study was to assess the chemical composition of dual-
purpose pearl millet stover and to evaluate its effects on the productive 
performance of goats. Thirty-six goats aged 18–24 months, with an average 
initial live weight of 23.8 kg, were randomly assigned to six treatments, 
defined by the type of variety of pearl millet stover fed as basal diet. In each 
treatment, goats were fed ad libitum for 90 days with the pearl millet stover 
complemented with cowpea hay (600 g/day/individual). There were 
significant variations in the crude protein and neutral detergent fiber contents 
of stover of the pearl millet varieties. The animals fed Chakti and ICMV167005 
had the highest average daily live weight gains, compared with the other 
treatments (p = 0.07). Daily fecal output (wet basis) ranged from 666–751 
g/day/goat. These results indicate that Chakti and ICMV167005 stover 
varieties may be suitable goat feeds. 
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Introduction 

Crop residues are becoming a dominant alternative feed resource for ruminants during the dry season in the West 

African Sahel. The reliance on crop residues to sustain ruminants, however, can be problematic due to their limited 

availability and low nutritive value. Nevertheless, many studies (Ayantunde et al., 2007; Etala and Dung, 2011; 

Ansah et al., 2017) have shown scope to improve ruminant livestock production by utilizing crop residues, when 

appropriate feeding strategies are applied. 

Generally, in the West African Sahel, crop residues mainly originate from cereals such as millet and sorghum stover 

and from legumes, such as cowpea and groundnut haulms. Due to the importance of pearl millet crops in the Sahel, 

pearl millet stover is widely available and mainly used for feeding ruminants. However, while it has a relatively 

poor nutritive value (N concentration 0.46–0.84%; digestibility: 39–42%; Nantoumé et al., 2000; Blümmel et al., 

2007), it is commonly considered a basal diet among ruminant feeds, especially when other feeds are unavailable 

towards the end of the dry season. Given the importance of pearl millet stover as a ruminant feed, research by millet 

improvement programs on dual-purpose varieties to increase their grain and feed quality is ongoing. However, 

besides that provided by Hiernaux and Ayantunde (2004), Fernandez-Rivera et al. (2005), and Abdou et al. (2011), 

reliable information on millet stover as a ruminant feed, and especially as a goat feed, is currently lacking. Varieties 

of stover that provide optimal gains must be investigated further. We hypothesized that the production performance 

of goats is influenced by the variety of pearl millet stover used as a basal feed in the goats’ diet. The objective was 

to assess the chemical composition of six stover pearl millet varieties, and to evaluate the effects of pearl millet 

stover on feed intake, growth, and fecal output in goats.  

Materials and Methods 

Description of the Study Area 

The experiment was conducted at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 

research station at Sadoré (13°14’N, 2°16’E), Niger. The climate of Sadoré has a unimodal rainfall pattern that 

begins in late June and ends in early October. The dry season extends from November to late May, with a period of 

warm dry conditions from March to May. The mean annual rainfall is 562 mm, and temperatures generally range 

from 12 to 44 °C, with a mean temperature of 29.4 °C.  

Animals  

Thirty-six male Sahel goats that were 18–24 months of age, with an average initial live weight of 23.8 ± 0.29 kg (p 

> 0.001), were used. The goats were acquired locally at a livestock market. The animals were housed indoors in 

individual cages for the entire experimental period. Animals were ear tagged and randomly assigned to six 

treatments, with six replications per treatment (i.e., six goats per treatment). All animals were de-wormed and 

vaccinated against three common small ruminant diseases in the study area, namely, Pasteurellosis, small ruminant 

plague, and sheep and goat pox. In addition, at the beginning of the experiment, the animals received multivitamins 

ALFASAN (5 mL/goat).  

Feeding Treatments 

The experiment was conducted during the dry season (January to April 2020) for 76 days, which were preceded by 

a 14-day period of adjustment to the environment, management, and diets. The goats were fed stover residues from 

pearl millet (Chakti, ICMV167005, ICMV167006, ICMV167111, ICMV167002 and the local landrace - Somno) 

as basal diet. Cowpea hay (variety TN578) was provided to complement the diet. Six treatments corresponding to 

the six varieties of stover were defined (T0 = stover of local variety + cowpea hay; T1 = stover of Chakti + cowpea 

hay; T2 =stover of ICMV167005 + cowpea hay, T3 = stover of ICMV167006 + cowpea hay; T4 = stover of 

ICMV167111 + cowpea hay; T5= stover of ICMV167002 +cowpea hay). 

Stover residues were manually cut using a machete into approximately 5 cm pieces to increase intake and were 

offered to the goats ad libitum (approximately 200% of the fresh intake of the previous day). Stover was supplied 

twice daily (at 8:00 am and 4:00 pm), and cowpea hay was distributed separately in the afternoon (at approximately 

1:00 pm). All animals received the same amount of cowpea hay, approximately 600 g/animal/day, and the portions 
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were completely consumed with no leftovers recorded during the experiment. Clean drinking water and mineral 

licks (Intromin block) were provided ad libitum to each animal throughout the experiment.  

Data Collection and Sampling 

The animals were weighed on the first day of the experiment (day 15), after the adaptation period, and thereafter in 

the morning for three consecutive days at two-week intervals. To determine total weight gain, the animals were also 

weighed on the last day of the experiment (day 91). 

Pearl millet stover and fecal data were collected over two seven-day periods. The first period commenced after two 

weeks of adjustment to the feed, and the second started during the 8th week of the experiment. Pearl millet stover 

offered to each goat was weighed individually every morning at 8:00 am before offering to the animal. The leftovers 

were quantified and removed after 24 hours to determine the individual intake. Daily feed samples were collected 

to obtain pooled samples for each animal for each data collection period. All samples were ground through 1 mm 

screens for laboratory analysis. 

Feces were collected directly from the animals’ rectum twice daily and were weighted before goats were fed. Each 

goat was fitted with a fecal collection bag three days before each collection period. During the collection period, the 

bags were removed two times per day, in the morning at 7:00 am and again in the evening at 5:00 pm to collect 

fresh feces. Fresh feces were immediately weighed after harvesting. A composite sample of 100 g per goat of fecal 

material was removed, packed in a labeled bag, and was sun-dried for seven days to estimate the quantity of dry 

fecal matter. At the end of the experiment, daily dried fecal samples from each goat were pooled and were ground 

for chemical analyses. 

Laboratory Analyses 

Feed samples were analyzed using near infrared reflectance spectroscopy (NIRS; Corson et al., 1999; Bidinger and 

Blümmel, 2007) for dry matter (DM), total nitrogen (N) content, neutral detergent fiber (NDF). Crude protein (CP) 

was estimated from the N content (N % × 6.25). Fecal samples were analyzed for DM, Organic Matter (OM), C, N 

and P. 

Evaluation of Intake and Performance  

Daily voluntary feed intake was determined as the difference between the amount of feed offered per day and the 

amount refused. The average daily gain (ADG) was estimated by dividing the total weight gain (TWG) of each 

animal by the duration of the experiment (ADG = TWG (g) / 76 days). The feed conversion ratio (FCR) was 

estimated as the daily feed DM intake divided by the daily weight gain of each animal. 

Statistical Analyses 

Data analysis was performed using Genstat 20 software (VSN International, UK). Treatment effects were assessed 

using an analysis of variance. Bonferroni tests were used to compare treatment means. Unless otherwise specified, 

statistical significance is reported at p < 0.05. 

The variability in the results recorded for the measured variables (weight gain, fecal output, and nutrients in the 

feces) was attributed to the variability of the stover among the different pearl millet varieties, as all animals received 

the same amount of cowpea hay every day, which was completely consumed; thus, this part of the daily feed (cowpea 

hay) was considered invariable. 

Results and Discussion 

CP and NDF Composition of Pearl Millet Stover 

There were significant variations among the pearl millet varieties for stover CP and NDF (p = 0.035 and 0.023 for 

CP and NDF, respectively). CP was highest in Chakti (5.63%) and lowest in ICMV167111_Hybrid (3.31%), while 

NDF was highest in ICMV167111 and lowest in Chakti (Table 1).  
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Table 1: DM, CP and NDF of the different pearl millet stover varieties and cowpea hay used in the feeding 

experiment at Sadoré 

Parameter 

Pearl Millet Stover Varieties Cowpea 

Somno Chakti 
ICMV ICMV ICMV  ICMV 

SEM p-Value Cowpea Hay 
167005 167006 167111 (Hybrid) 167002 

DM (%) 92.91a 92.91a 92.86a 92.65a 92.95a 92.61a 0.193 0.421 90.74 

CP (%) 4.63ab 5.63c 4.75ab 3.94b 3.31a 4.81ab 0.488 0.035 14.38 

NDF (%) 78.16ab 74.98a 76.38ab 77.21ab 79.13b 77.46ab 0.817 0.023 46.93 

CP= Crude protein, DM=Dry matter, NDF = Neutral detergent fiber, SEM= Standard error of means. Means with different 

superscripts in each row are significantly different at p < 0.05; values presented are means (n = 12) 

The observed variations in CP and NDF content in stover from different pearl millet varieties was mainly due to 

genetic variability and growth duration. Madibela and Modiakgotla (2004) and Blümmel et al. (2007) also found 

variations in chemical composition of stover of different pearl millet varieties. Blümmel et al. (2007) reported CP 

concentrations of 4.94–5.81%, while Madibela and Modiakgotla (2004) found NDF values of 68.9%, 70.1%, and 

72.6% for three different varieties. The highest CP concentration was found in Chakti, which may be an indication 

of its high nutritional value, thus explaining the advantage in growth performance for goats fed this variety.  

The CP concentration values reported in this study were lower than those reported by Madibela and Modiakgotla 

(2004), as they reported CP concentrations of 7.63–7.94%. However, the concentrations observed in the current 

study were within the range reported in other studies for pearl millet varieties grown in arid and semi-arid cropping 

regions of Africa and India (Blümmel et al., 2007; Blümmel et al., 2010; Abdou et al., 2011). Furthermore, these 

values were lower than those of wheat and sorghum as reported by Tan et al. (1995) and Fadel Elseed et al. (2007) 

but higher than those in other cereals such as maize and rice (Singh et al., 1977; Vadiveloo, 2000; Koralagama et 

al., 2008).  

The NDF values in the stover were all higher than those reported by Singh et al. (1977; 67.9%) and Madibela and 

Modiakgotla (2004; 70.1–72.6%), but lower than those reported by Abdou et al. (2011; 53.2%).  

Feed Dry Matter Intake and Live Weight Gain 

Overall daily DM intake ranged from 723 to 789 g, and stover intake by goat ranged from 181 to 244 g/day/animal; 

and there were significant differences in stover intake among varieties (Table 2). This may suggest that 

concentrations of structural carbohydrates in stover affected voluntary intake. The high daily stover intake recorded 

in goats fed ICMV167111 and Chakti indicates higher digestibility.  

Table 2: Feed intake for the goats fed the stover of the local or five dual-purpose millet varieties and the cowpea 

hay 

Parameter 

Pearl Millet Stover Varieties Cowpea 

Somno Chakti 

ICMV ICMV ICMV  ICMV 

SEM p-Value 
Cowpea 

hay 167005 167006 
167111 

(Hybrid) 
167002 

DM Intake (g/goat/day) 

Leaves 199.13b 214.06b 189.10ab 156.31a 210.59b 186.42ab 11.99 <.001 - 

Stems 30.62ab 25.92ab 27.84ab 24.14a 34.91b 30.28ab 3.33 0.043 - 

Total DM stover 

intake 
229.01b 239.84b 215.92ab 179.42a 244.87b 215.42ab 13 <.001 544.44 

DM stover intake 

g/ kg‐1 BW 
9.14b 9.27b 8.43ab 6.98a 9.66b 8.52b 0.454 <.001 - 

Total feed DM 

intake 
773.49b 784.27b 760.35ab 723.85a 789.25b 759.85ab 13 <.001 - 

BW= Body weight, DM= Dry matter, SEM: standard error of mean. Means with different superscripts in each row are 

significantly different at p < 0.05 
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Growth performances are presented in Table 3. The average daily liveweight gains were significantly different at 

the 10% level among treatments (p = 0.07). Goats fed the Chakti (T1) and ICMV167005 (T2) stovers had the highest 

ADG, compared with those fed ICMV167006 (T3), ICMV167111 (T4), ICMV167002 (T5), and Somno (T0). The 

higher LWG observed in goats fed Chakti and ICMV167005 stover was a consequence of the higher CP and 

digestibility. Normally, animal performance and production efficiency are affected by feed digestibility, both of 

which are positively correlated with feed intake and quality (Peripolli et al., 2011).  

Table 3: Growth performance, daily fecal output, and characteristics of goats feces fed pearl millet stover as a basal 

diet supplemented with cowpea hay 

Parameters 

Pearl millet stover varieties +cowpea hay 

Somno 
Chakti + 

CH 

ICMV ICMV ICMV ICMV 

SEM 
p-

Value + CH 
167005 + 

CH 
167006+CH 

167111 + 

CH 

167002 + 

CH 

Live weight gain 

Initial weight (kg) 23.40a 23.55a 23.14a 24.05a 24.06a 24.31a 1.071 0.876 

Final weight (kg) 26.10a 27.10a 27.04a 26.52a 26.47a 26.21a 1.044 0.902 

Weight gain (kg) 2.60ab 3.74b 3.64b 2.45ab 2.15a 1.82a 0.714 0.042 

Daily weight gain (g) 28.89ab 40.74b 40.44b 27.22ab 23.89a 20.19a 7.931 0.042 

Feed Conversion 

Ratio 
32.37b 20.35a 20.34a 26.75ab 44.13c 51.66c 10.46 0.023 

Feces output /(g/animal/day) 

Fresh feces (wet) 713.60a 743.10a 751.30a 666.70a 768.30a 703.20a 46.4 0.299 

Dry feces (dung) 319.00a 330.60a 325.30a 303.30a 334.80a 319.10a 15.22 0.4 

Fecal DM output 80.90a 84.90a 87.50a 75.80a 84.60a 85.00a 6.45 0.538 

Feces composition 

OM (%) 78.37ab 80.71b 78.46ab 78.23ab 77.21a 77.18a 0.86 0.004 

Carbon (%) 45.57ab 46.93b 45.62ab 45.48ab 44.89a 44.87a 0.5 0.004 

Nitrogen (%) 2.96a 2.95a 3.04a 3.00a 3.03a 2.99a 0.044 0.4 

Carbon: Nitrogen 15.40ab 15.88b 15.06a 15.12ab 14.85a 15.01a 0.252 0.004 

Phosphorus (%) 0.42a 0.44a 0.43a 0.48a 0.45a 0.44a 0.022 0.283 

CH= Cowpea hay, DM= Dry matter, OM= Organic matter, SEM= Standard error of mean. Means with different superscripts 

in each row are significantly different at p < 0.05 

The lower LWG observed in goats fed ICMV167002 stover may be an indicator of a lower rate of nutrient utilization 

from the residues of this variety and of its lower digestibility. This suggests that ICMV167002 may be used as 

fodder in combination with supplements of higher nutritional value. Indeed, several studies reported the benefits of 

complementing cereal stover with cowpea hay or groundnut haulm (Ayantunde et al., 2007; Abdou et al., 2011; 

Etela and Dung, 2011; Ansah et al., 2017). 

Treatment type significantly influenced FCR, with FCR values ranging from 20.3 to 51.7 and the highest FCR 

values in goats fed ICMV167002 (T3) stover and the lowest in the Chakti (T1) and ICMV167005 (T2) treatments. 

Lower FCR indicates more efficient conversion of ingested feed to body mass, while a high FCR suggests that 

animals do not efficiently utilize the ingested feed. In fact, the high FCR in goats fed ICMV167002 stover may be 

attributed to its low nutritive value, which means that the goats need to ingest more feed to meet their requirements. 

The low FCR in goats fed Chakti and ICMV167005 stover might explain their highest weight gain. 

Fecal Output and Characteristics of Feces 

Fresh fecal output ranged from 666 to 751 g/animal/day with no significant differences among varieties (Table 3). 

Likewise, there were no differences among varieties regarding DM fecal output. Fecal output was higher in the 

current study than that observed by Ansah et al. (2019) in Ghana. The proportion of N excreted in the feces ranged 

from 2.9–3%, whereas that of P ranged from 0.42–0.48% (Table 3). There was a negative linear correlation (p < 

0.001; R2 = 38.9) between pearl millet stover intake and fecal P excretion. In contrast, there was no relationship 

between fecal N content and stover intake. Carbon content and C:N ratios of goat feces were higher in goats fed 

Chakti (T1) stover than in goats of the other treatments.  
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The characteristics of feces indicated that pearl millet stover affected the proportion of carbon and the C:N ratios. 

Stover varieties, however, did not affect the proportion of N and P in feces; this might indicate that the level of N 

and P assimilation is not affected by pearl millet varieties. The range of total N and C in goat feces was larger than 

observed by Moral et al. (2005) and Ansah et al. (2019). The C:N ratio in feces was below 20%, which indicates a 

potential or likely net N mineralization if applied directly to soil. This is considered an important additional benefit 

of using feces from goats as a soil amendment. High quality manure has been defined as containing more than 1.6% 

N or with a C:N ratio less than 10, while low-quality feces contain less than 0.6% N and have a C:N ratio higher 

than 17 (Bationo et al., 2004). A general remark from this study is that even though all C:N ratios were higher than 

10, they were all below 17 and below the critical level of 20 as reported by Saha et al. (2008), and the N content 

was higher than 1.6%, indicating the quality of manure. From our results, it was estimated that a goat of an average 

weight of 23 kg may produce as much as 117.53 kg feces per year, which could be considered a potential input 

contribution for soil fertility in crop-livestock systems.  

Conclusion 

This study demonstrated that stover of the Chakti and ICMV167005 pearl millet varieties have higher CP and lower 

NDF. The stover of the two varieties increased the final weight and daily weight gain of goats. When supplemented 

with cowpea hay, they showed a low FCR, which suggested efficient conversion of the ingested feed to body mass. 

Based on productive performance, we recommend that the Chakti and ICMV167005 dual-purpose pearl millet 

varieties should be introduced into crop-livestock farming to improve goat productivity and soil fertility in the West 

African Sahel. Furthermore, it was concluded that not all so-called "improved dual-purpose pearl millet varieties" 

show improved performance when compared with the local landraces used by the farmers in the region.  
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