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Abstract 

The apparent digestibility and nitrogen balance of nutrients in isocaloric and isonitrogenous diets 
containing 0, 250, 500 and 750 g ginger inclusion levels was studied in a 14-day trial involving twenty 
(20) red Sokoto bucks (RSB) weighing on the average 17.86 kg. The treatments were replicated five 
times in a completely randomized design. The animals were individually fed at 4% of their body weight 
for both the concentrate (1.5% as supplement) and Digitaria smutsii hay (2.5% as basal diet). The trial 
consisted of 7-day adjustment period followed by a 7-day total collection of faeces and urine. Nutrient 
digestibility, faecal and urine outputs were recorded. Results indicated a similar dry matter intake 
across the treatments. Crude protein and crude fiber intakes were significantly (P<0.05) affected by 
ginger inclusion levels with higher values recorded in the group fed 250 g. Dry matter digestibility 
significantly (P<0.05) increased with increase in ginger levels. Nitrogen retention was significantly 
(P<0.05) higher in bucks fed with 750 g ginger. It was therefore concluded that, varying inclusion 
levels of ginger improved nutrient digestibility and nitrogen retention of RSB. RSB can be fed up to 
750 g/100 kg diet ginger.    
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INTRODUCTION 
Goats play an important role in the life of small-holder farmers via their ability to convert low-
cost feed resource to high value products (meat and milk) (Aregawi et al., 2013). Goat is one 
of the most important, adaptable and geographically widespread livestock species, which 
provides a good source of meat, milk and other by-products and is therefore referred to as 
“poor man's cow” (Ajibike et al., 2016). The role of goats in providing protein to humans is 
increasingly being recognized. However, feed constraint is the most important limiting factor 
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in livestock production. This necessitates a high concern in developing some alternatives for 
improvement of their productivity through improved nutrition (Aregawi et al., 2013). 
Ginger is widely used in animal nutrition and has been found to possess medicinal 
properties (Daharia et al., 2022). Ginger is known for its biological effects such as antioxidants 
properties, anti-bacterial action and anti-inflammatory effects (Panpatil et al., 2013). It is also 
a natural growth promoter and can improve feed utilization and nutrient digestibility of 
livestock (Pandey et al., 2019). 
 
Zingiber officinale (ginger), a member of the Zingiberaceae family, is a rhizome plant that has 
been used as a spice in cooking throughout the world and as a therapeutic herb for a very long 
time (Ibrahim et al., 2022). Ginger is rich in gingerols, shogaols and paradols, which are the 
main active phytochemicals that have strong antioxidant and chemopreventive properties 
(Panpatil et al., 2013). Ginger essential oil contains several terpene components, such as β-
bisabolene, a-curcumene, zingiberene, a-farnesene, and β-sesquiphellandrene (Elazab et al., 
2022). 
 
Tannins and saponins found in ginger prevent protein degradation in the rumen so that it can 
be effectively digested in the abomasum and the small intestine (Fajemisin and Adeleye, 2005). 
Muhammed et al. (2016) reported higher digestibility values for Yankasa Rams fed varying 
levels of ginger. Prediction of animal response to nutrients is the main focus of practical 
application of nutrients. Hence, the study was to determine the effect of feeding diets 
containing levels of ginger on digestibility and nitrogen balance of RSB.  

MATERIALS AND METHODS 

Study Area 
The experiment was conducted at the National Animal Production Research Institute 
(NAPRI), Ahmadu Bello University (ABU), Shika, Zaria, Nigeria. Shika is located on latitude 
11º 12’N and longitude 7º 33’E at an altitude of 640 meters above sea level (GPS, 2018). The 
climate is relatively dry with annual rainfall range of 700 – 1400 mm. The rain starts between 
late April and early May to September. The dry season begins in October with cold weather 
that ends in January (IAR, 2018).  

Experimental Feed Preparation 
Feeds were compounded (Table 1) with inclusion levels of ginger at 0, 250, 500, and 750 g/100 
kg diet. The formulation was done at the Feeds and Feeding Unit of NAPRI. They were 
compounded to contain 12% crude protein.  Dry ginger was sourced from Samaru local 
market in Zaria and ground into powder using grinding machine before inclusion. 

Metabolism Trial of Red Sokoto Bucks 
Twenty (20) RSB with 5 bucks per treatment were used for the trial. They were housed in 
individual metabolism cages with facilities for separate collection of faeces and urine as 
described by Osuji et al. (1993). Each buck was individually fed to evaluate the digestibility of 
the diet. The study had a 7-day preliminary period of adaptation to the metabolic crates and 
a 7-day collection of samples. 
 
The faecal and urine samples were collected each morning before feeding. Urine was collected 
into plastic jerricans containing 10 ml. of 10% v/v of H2SO4 acid.  Urine collected was 
measured daily and 10% sampled, bulked for each animal and kept at -4 °C in freezer until 
required for chemical analysis.  Daily total faecal samples were collected from each buck, 



Effect of Feeding Diets Containing Levels of Ginger (Zingiber officinale) on Digestibility and Nitrogen Balance 

of Red Sokoto Bucks   

 

Ibrahim U.M. et al., DUJOPAS 9 (3a): 219-225, 2023                                                                                    221 

 

weighed and 50 g was collected for dry matter determination and was bulked and stored in 
polythene bags until required for laboratory analysis. 
Nutrient digestibility was calculated as the portion of nutrient intake not recovered in faeces. 
Nitrogen balance (NB) was calculated as the amount of average daily nitrogen intake (NI) not 
excreted in faeces (FN) and urine (UN). 

Chemical Analysis  
The feeds and faecal samples were analyzed for dry matter (DM), crude protein (CP), ether 
extract (EE), crude fibre (CF), and ash using the procedures outlined by the Association of 
Official Analytical Chemists (AOAC) (2007). Acid detergent fibre (ADF) and neutral detergent 
fibre (NDF) were determined according to the procedures reported by Van Soest et al. (1991), 
procedures. Nitrogen N was determined using Micro Kjeldal method (AOAC, 2007). 

Statistical Analysis 
Data generated on nutrient digestibility coefficients and nitrogen retention were analyzed 
using the General Linear Model (GLM) procedure of SAS (2005). Significant differences 
between treatment means at 5% probability level were determined using Duncan’s Multiple 
Range Test of the same software.  
 
RESULTS 
 
Nutrient Intake, Nutrient Digestibility and Nitrogen Balance of RSB Fed with Varying 
Inclusion Levels of Ginger 
Results of nutrient intake of RSB fed varying inclusion levels of ginger are presented in Table 
2. Animals fed diet containing 250 g ginger had the numerically higher (P>0.05) intakes of 
DM, Ash and EE. Intakes of CF and CP were significantly higher (P<0.05) in the group fed 
diet containing 250 g ginger.  
 
Results of nutrient Digestibility of RSB fed varying inclusion levels of ginger are presented in 
Table 3. It showed no significant difference (P>0.05) in crude fiber and organic matter 
digestibility. But all other parameters (DM, Ash, EE, CP, EE, NDF and ADF), respectively were 
significantly affected (P<0.05) by ginger inclusion. They recorded higher values in animals fed 
diet containing 750 g ginger.  
 
Results of nitrogen balance in RSB fed varying inclusion levels of ginger are presented in Table 
4. Total nitrogen intake was significantly (P<0.05) influenced by inclusion levels of ginger. 
Animals fed diet containing 750 g ginger had the higher nitrogen intake of 45.71 g/day, while 
those fed diet containing 500 g ginger recorded the lower intake (40.00 g/day). Daily urinary 
N loss (g/day) was significantly (P<0.05) higher in animals fed diet containing 500 g ginger 
(4.87 g/day) while the least value (1.44 g/day) was recorded in animals fed diet containing 0 
g ginger. Animals fed diet containing 750 g ginger had the higher (p<0.05) N retained. 
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Table 1: Gross composition of the experimental diets fed to Red Sokoto Bucks 

Parameters (%) 
                 Inclusion levels of ginger (g/100kg diet) 

0 250 500 750 

Maize grain 15.00 15.00 15.00 15.00 
Maize offal 20.00 20.00 20.00 20.00 
Wheat offal 10.00 10.00 10.00 10.00 
Cotton Seed Cake 5.00 5.00 5.00 5.00 
Cowpea Husk 46.50 46.50 46.50 46.50 
Bone meal 2.50 2.50 2.50 2.50 
Salt 1.00 1.00 1.00 1.00 
TOTAL 100.00 100.00 100.00 100.00 

Calculated Chemical Composition 

M. E. (Kcal/kg) 2488.00 2490.00 2493.00 2496.00 
Crude Protein % 12.00 12.00 12.00 12.00 
Crude Fiber % 18.00 18.00 18.00 18.00 

M.E.=metabolizable energy 
 

Table 2: Nutrient intake of Red Sokoto Bucks fed diets containing varying levels of ginger 

Parameters (g/day) 
Inclusion levels of ginger (g/100 kg diet)  

SEM 0 250 500 750 

Dry matter 772.14 791.31 757.14 786.43 20.01NS 

Ash 58.10 59.52 57.02 59.17 1.75NS 

Organic matter 714.04 731.79 700.12 727.26 16.00NS 
Ether extract 31.19 31.90 30.60 31.79 1.02NS 

Crude fiber 184.52b 193.45a 185.12b 192.26a 2.40* 
Crude protein 70.95b 75.71a 72.38a 75.24a 2.20* 
Neutral detergent fiber 352.14ab 360.95a 345.36b 358.69a 5.80* 
Acid detergent fiber 178.81ab 183.21a 175.36b 182.14a 2.38* 
abMean within the same row with different subscripts are significantly different (P<0.05) *significant at 0.05; OM=organic 
matter, EE = ether extract, CF = crude fiber, CP = crude protein, SEM=Standard error of means and NS= not significant 
 

Table 3: Nutrient Digestibility of diets containing varying levels of ginger fed to Red Sokoto 
Bucks 
  Inclusion levels of ginger (g/100 kg diet)  

Parameter (%) 0 250 500 750 SEM 

Dry Matter 80.14c 81.94ab 81.27b 82.71a 0.56* 
Ash 74.14c 77.10ab 75.88b 78.43a 0.86* 
Organic matter 78.35 78.60 78.15 78.57NS 0.23NS 
Ether extract 61.71bc 67.00a 60.15c 67.53a 2.37* 
Crude fiber 80.71 80.63 80.85 81.90NS 0.73NS 
Crude Protein 77.02b 78.32ab 77.27b 79.57a 0.77* 
NDF 83.42c 83.63b 83.80ab 83.82a 0.09* 
ADF 82.82b 83.13a 83.23a 83.39a 0.14* 
abcMean within the same column with different superscripts are significantly different (P<0.05) *significant at 0.05, 
SEM=Standard error of means, NS= not significant, NDF=neutral detergent fiber and ADF=acid detergent fiber. 

 

 
Table 4: Nitrogen balance in Red Sokoto Bucks fed diets containing varying inclusion levels 
of ginger 
 Inclusion levels of ginger (g/100 kg diet) 

Parameter (g/day) 0 250 500 750 SEM 

Nitrogen intake 42.86b 45.71a 40.00c 45.71a 0.45* 
Fecal nitrogen loss 3.64 3.46 3.58 3.02 0.32NS 
Urinary nitrogen loss 1.44c 1.80bc 4.87a 2.01b 0.28* 
Total N outgo 5.08b 5.26b 8.45a 5.03b 0.39* 
Nitrogen absorbed 39.22b 42.25a 36.42c 42.69a 0.44* 
Nitrogen retained 37.78b 40.45a 31.55c 40.68a 0.42* 
Nitrogen retained (as % of Intake) 88.15a 88.49a 78.87b 88.99a 1.05* 
abcMean within the same column with different superscripts are significantly different (P<0.05) *significant at 0.05 
SEM=Standard error of means and NS= not significant. 
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DISCUSSION 

Nutrient Intake of Red Sokoto Bucks Fed with Varying Inclusion Levels of Ginger 
The high DMI recorded in this study might be attributed to high soluble carbohydrates of the 
diets. However, the values reported in this study were lower than the values reported by 
Muhammad et al. (2016), when Yankasa rams were fed with varying inclusion levels of ginger. 
But the values reported herein are higher than the values reported by Fajemisin and Adeleye 
(2005), when treated corncob silage was fed to West African dwarf (WAD) goats. The crude 
protein intake values observed in this study were lower than those reported by Muhammad 
et al. (2016), when graded levels of ginger were fed to Yankasa rams. The differences could be 
due to variation in dietary chemical composition and the species of animals used.  

Nutrient Digestibility of Diets Containing Varying Levels of Ginger Fed to Red Sokoto 
Bucks 
FAO (1991), classified digestibility of feeds as high (>60), medium (40-60) and low (<40). 
Digestibility of all the nutrients were high as observed in this study. It was reported that 
maximum dietary CF digestion in the rumen occurs when dietary CP is between 12 and 16% 
(Mc Allan, 1991). The CP digestibility in this study showed that dietary protein was properly 
utilized by the animals. This could be due to some phyto-chemicals like tannins and saponins 
found in ginger that are known to prevent protein degradation in the rumen so that it can be 
effectively digested in the abomasum and the small intestine. It was further reported that 
adequate nitrogen in diets enhanced the activities of rumen microbes which eventually 
improved the CP digestibility in diets (Fajemisin and Adeleye, 2005; Garba and Maigandi, 
2008). The same reason could be attributed to higher DM, OM, CF, CP, EE, Ash, NDF and 
ADF digestibility recorded in this study. This is because CP intake and digestibility can affect 
digestibility of other nutrients too (Muhammad et al., 2011). Consequently, the digestibility 
values obtained in this study are higher than the findings of Ikyume et al. (2017), when WAD 
goats were fed with varying levels of garlic powder.  

Nitrogen Balance in Red Sokoto Bucks Fed with Diets Containing Varying Inclusion 
Levels of Ginger 
The results of nitrogen balance showed reduced faecal and increased urinary nitrogen losses 
with increasing levels of ginger compared to the group fed with diet containing 0 g ginger. 
The reduction in faecal N loss may be attributed to some phytochemicals like saponin in 
ginger which may inactivate protozoa resulting in a lower predation of bacteria by protozoa 
and a higher bacterial population leading to slower protein turnover in the rumen (Makkar et 
al., 1998). The slower protein turnover leads to an increase in bacterial nitrogen flow to the 
duodenum and increase in productivity.  Ginger reduces amino acid degradation due to 
selective action on certain rumen microorganisms, specifically some bacteria (Hert et al., 2008). 

CONCLUSION 
Ginger inclusion levels in the diets of RSB improved nutrient digestibility and nitrogen 
retention. Further studies should be conducted to investigate the comparative evaluation of 
ginger and garlic on nutrient digestibility and nitrogen retention of Red Sokoto bucks. 
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