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ABSTRACT

The fractionation of protein and carbohydrate of two varieties of A. hypogaea affected by fertilizer 
type was investigated. The crude protein (CP) of the A. hypogaea varieties was subdivided into five 
fractions; A1 (crude protein soluble in the borate-phosphate buffer and tungstic acid solution), B1 (true 
protein soluble in buffer solution and precipitated by the tungstic solution), B2 (true protein insoluble in 
buffer solution but soluble in the neutral-detergent solution), B3 (true protein soluble in acid-detergent 
solution but insoluble in neutral-detergent solution), and C (true protein insoluble in the acid-detergent 
solution). While the carbohydrate (CHO) was fractionalized into four; CA (rapidly degradable CHO), CB1 
(intermediately degradable CHO), CB2 (slowly degradable CHO), and CC (completely undegradable 
NDF). The experiment was a 3 × 2 factorial in split-plot design, with the fertilizer type as the main plot 
(control, NPK, and poultry droppings) and the variety as the sub-plot (SAMNUT 22 and Local). The 
total treatment combination is six with three replications. The fertilizer type affected all the CP fractions 
except for fraction C. The interaction of fertilizer type × variety influenced all the CP fractions with a 
range of 65.40 ± 0.21 to 80.97 ± 0.01 g/kg DM, 5.01 ± 0.01 to 5.69 ± 0.03 g/kg DM, 42.77 ± 0.08 to 
51.40 ± 0.01 g/kg DM, and 58.34 ± 0.14 to 69.93 ± 0.01 g/kg DM for CP fraction A, B1, B2, and B3, 
respectively with the organic fertilized local variety having the highest values. SAMNUT 22 without 
fertilizer recorded the highest value for CP fraction C. Varietal difference was observed for all the CP 
fractions. The CHO fractions were affected (P < 0.05) by the fertilizer type and varietal difference. The 
unfertilized SAMNUT 22 was observed to have the highest values for CHO fraction CA, CB1, and CC, 
whereas the same variety to which inorganic fertilizer was applied recorded the highest value for CB2. 
The organic fertilized local variety of A. hypogaea had a higher portion of the soluble fraction of CP, 
and a lower portion of cell wall bounded CP fraction making it ruminally beneficial if fed to ruminants 
which also reflected in the utilizable CP.
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INTRODUCTION

The quality of forage crops generally has 
been adjudged to be influenced by some factors, 
such as the stage of maturity (Dele et al., 2022), 
species or variety, pre- and post-harvest and storage, 
available soil nutrient (Cherney and Hall, 2008) and 
fertilization (Ball et al., 2001). In the tropics, low soil 
fertility has been a major cause of concern over 
the decades (Sanchez, 2002; 2015; Pradhan et 
al., 2015). The utilization of forage legumes in the 
tropics with regard to ruminant livestock productivity 
and sustainability has increased in recent times 
(Murphy and Colucci, 1999; Dele et al., 2019). Low 
productivity is common in animals that consume 
lower quality forages which are typical of tropical 
grasses, especially at an advanced stage of growth 
(Paterson et al., 1996; Hariadi and Santoso, 2010; 
Pérez-Gil Romo et al., 2014) and Mahmoud et al. 
(2017) and Chimphango et al. (2020) reiterated 
the role of legumes to provide forages that are 
moderately fibrous and have high crude protein.

Legumes are known for nitrogen fixation 
which associative grasses benefit from but in the 
last two decades, there have been reports on the 
need for nitrogen fertilizer application for legumes on 
West African soil to boost their productivity (Bationo 
and Ntare, 2000; Abayomi et al., 2008; Dugje et 
al., 2009; Abdul Rahman et al., 2018). Nitrogen 
fertilization was reported by Griffith (1974) to have 
an improvement on yield or quality in established 
legume stands, especially because of its increment 
of protein content, invariably the non-application of 
fertilizer can affect both biomass yield and nutritional 
quality.

Protein fractionation is basically about the 
rate of degradation of protein which accounts for the 
difference between availability and utilization (Lanzas 
et al., 2007), and Fox et al. (2004) reported that 
animal products such as milk reduce when protein in 
the diet below energy allowable for milk production 
which is based on protein degradation. Protein and 
carbohydrate degradation if synchronized, have the 
potential to increase microbial protein production 
(Nocek and Russell, 1988), which is essential for 
greater efficiencies and ruminant productivity.

However, there are limited studies reported 
on the forage quality of legumes, especially 
groundnut, in terms of protein and carbohydrate 
fractions which is critical to ruminant livestock farmers 
as there is the need to improve the energy and 
protein usage of legume-based rations in livestock 
farming systems. The utilization of groundnut fodder 
has been reported to be a valuable feed resource 
with a higher premium when compared with other 
legumes (Samireddypalle et al., 2017; Adda et al., 
2021), and groundnut is considered a multipurpose 
crop (Nigam and Blümmel, 2010; Prasad et al., 
2010; Blümmel et al., 2012). Different varieties 
of groundnut have been considered for usage in 
previous studies (Larbi et al., 1999; Konlan et al., 
2012). Higher fodder production has been attributed 
to SAMNUT 22 (Oteng-Frimpong et al., 2017; Ansah 
et al., 2021) in recent times, which is a trait for a good 
forage resource (Dele et al., 2019). The objective of 
this study was to investigate the effects of organic 
and inorganic N fertilizer types on the protein and 
carbohydrate fractions of two groundnut varieties 
in humid zones of Southwest Nigeria. 

MATERIALS AND METHODS

Experiment Sites 
The study was investigated at the 

Department of Pasture and Range Management, 
Federal University of Agriculture, Abeokuta 
(FUNAAB). This area lies at 7°13’55° North and 
3°26’11° East, at an elevation of 146 m above sea 
level, and the NIRS screening was in the laboratory 
of the International Livestock Research Institutes, 
Ibadan, Nigeria. This area lies at 7°30’08° North 
and 3°54’37° East, at an elevation of 237 m above 
sea level. The experimental site, rainfall lies within 
the savanna agro-ecological zone of Southwestern 
Nigeria, as reported by Dele et al. (2019).

Land Preparation 	
The experimental land was cleared, followed 

by plowing and harrowing after two weeks. The 
experimental area of 1,050 m2 was mapped out. 
Before planting, soil samples were collected randomly 
from the plots at 0–15 cm depth with the aid of a 
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soil auger to represent the topsoil. The soil samples 
were bulked and thoroughly mixed with subsamples 
taken for analysis to determine the pre-planting 
nutrient status of the soil (Dele et al., 2019).

Experimental Design and Plot Management 
The study was laid a 3 × 2 factorial 

arrangement in a split-plot design. The main plot 
dimension was 12 m × 5 m while that of the subplot 
was 5 m × 5 m. The fertilizer types were allotted 
to the main plot and the groundnut varieties to the 
subplot. The three fertilizer types (NPK 15:15:15 
(compound) + NPK 46:0:0 urea (single), poultry 
(layer battery cage) manure with 30:10:10 g/kg of 
NPK, respectively) and unfertilized (control) and the 
two varieties of groundnut (SAMNUT 22 and Local) 
amounted to six treatment combinations with three 
replicates. The fodders of the groundnut varieties 
were harvested at 16 weeks after planting, and to 
determine the dry matter content, a 1 m2 quadrat 
was used, which was thrown three times within a 
subplot at 5 cm aboveground level. Sub-samples 
were taken, weighed, and oven-dried at 65 °C to 
constant weight and stored for analysis.

Crude Protein (CP) Analysis 
The oven-dried samples were milled and 

allowed to pass through a 1 mm screen and stored 
in an airtight bag for subsequent analysis at the 
International Livestock Research Institute, Ibadan. 
Five grams of each of the samples were scanned 
with NIRS and the crude protein content of the 
samples was assessed using the equation for the 
plant sample analysis based on the mixed feed global 
calibration model using the software package (Win 
ISI II FOSS, Denmark Model NIRS™ 5000). Spectral 
information was registered in the wavelength range 
1,100–2,500 nm using NIR system mode 5,000 
scanning monochromatic infrared spectrophotometer.

Protein Fractionation 
Crude protein fractions of the samples 

were estimated following the procedure of Sniffen 
et al. (1992) modified by Licitra et al. (1996). A is the 
crude protein soluble in the borate-phosphate buffer 
and tungstic acid solution, B1 is the true protein 
soluble in buffer solution and precipitated by the 

tungstic solution, B2 is the true protein insoluble in 
buffer solution but soluble in the neutral-detergent 
solution, B3 is the true protein soluble in acid-
detergent solution but insoluble in neutral-detergent 
solution, and C is the true protein insoluble in the 
acid-detergent solution.

Carbohydrate Fractionation
Carbohydrate fractions of the samples were 

estimated following Cornell Net Carbohydrate and 
Protein (CNCP) system (Sniffen et al., 1992). CA is 
the rapidly degradable CHO composed mainly of 
starch, CB1 is the intermediately degradable CHO 
composed mainly of soluble fibers such as pectic 
polysaccharides, ß-glucans, and fructans, CB2 is 
the slowly degradable CHO composed of available 
NDF, and CC is the completely undegradable NDF.

Water Soluble Carbohydrate (WSC) Determination
WSC was determined according to 

the procedure of Hall et al. (1999) with some 
modifications. Five grams of the dried and milled 
samples were added to 100 mL and vortexed for 
5 minutes. 5 mL of 0.1N of H2SO4 was added to 
the mixture. The acidified mixture was boiled and 
filtered through a Whatman No. 1 filter paper to aid 
the removal of proteins, and the residue was washed 
with distilled water. The filtrate was made to 250 mL 
volume. Of the filtrate, 10 mL was hydrolyzed with 
5 mL of 2N H2SO4 and boiled in a water bath for 10 
minutes. The boiled acidified filtrate was allowed to 
cool for 5 minutes, then neutralized with methyl red 
and NaOH and made up to 50 mL. Aliquots of 10 
mL were analyzed using the ferricyanide method.

Utilizable Crude Protein (uCP) Estimation 
The uCP was estimated according to Zhao 

and Cao (2004).
uCP = (9.95 ± 2.73)A + (2.92 ± 1.36)B1 + 

(7.24 ± 0.86)B2 + (8.20 ± 3.33)B3 + 
(17.67 ± 3.79)C + (63.26 ± 18.02)

Statistical Analysis 
The data generated were subjected to 

Analysis of Variance using SAS (2000) statistical 
software and differences in means separated using 
turkey HSD Test at P < 0.05 level of probability.
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RESULTS AND DISCUSSION

The crude protein content was affected (P 
< 0.05) by the fertilizer type and varietal difference 
(Figure 1). The local variety had a higher CP (209.21 
± 7.49 g/kg DM), and the groundnut fertilized with 
the inorganic fertilizer had the highest CP value. 
Figure 2 shows the result of the interaction of fertilizer 
type × variety on the CP, the highest CP recorded 
for the inorganic fertilized local variety (217.10 ± 
13.5 g/kg DM).

The varietal difference on the CP fraction 
A was significant (P < 0.05), with the CP fraction 
A of the local variety 6.68% higher than that of 
SAMNUT 22. The effect of fertilizer type showed 
that the unfertilized fodder had non-protein nitrogen 
(NPN) component of 35.94% of the total protein, 
whereas the organic and inorganic fertilized fodder 
were made of 36.21% and 35.46% of total protein, 
respectively. The local variety fertilized organically 
had the highest NPN component of 36.95% of total 
protein, and unfertilized SAMNUT 22 had the least 
NPN component (Table 1).

Figure 1  Main effect of fertilizer type on the crude protein content of two Arachis hypogaea herbage

Figure 2  Interaction effect of fertilizer type and variety on the crude protein content of A. hypogaea 
herbage
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The fraction A is known to be involved in the 
transportation and storage of N (Gierus et al., 2006). 
The increase in the fraction A content as observed 
in this study with fertilizer application, indicated that 
an external source of additional nitrogen can help 
in N fixation. The higher content of fraction A for the 
fertilized A. hypogeae may negatively influence N 
use efficiency by ruminants (Gierus et al., 2006). 
The fraction A is the non-protein nitrogen, soluble 
with a rapid ruminal degradable portion of CP, 
and its higher presence in fertilized legumes is 
also favored by the N applied, which supports the 
development of legumes, therefore, improving the 
degradation rate. The higher fraction A in this study 
is in line with the report of Gierus et al. (2016), where 
nitrogen application favored higher fraction A. The 
fraction A recorded in this study is within the range 
(24.4–75.4 g/kg DM) reported by Salazar-Cubillas 
and Dickhoefer (2021) for tropical forage legumes, 
except for the organically fertilized legume, which 

was higher than the range. The interaction of variety 
× fertilizer type showed that organic fertilized local 
variety and inorganic fertilized SAMNUT 22 were 
higher than the maximum fraction A reported by 
Salazar-Cubillas and Dickhoefer (2021) for tropical 
forage legumes which could be attributed to the 
different responses of the two varieties to the two 
fertilizer types different. Previous research (Johnson 
et al., 2001; McRoberts et al., 2017; Santos et al., 
2018) reported that the addition of N does increase 
nitrate accumulation which is a portion of fraction A 
in plants, and which might be the reason for higher 
fraction A with the fertilized forages. The values of 
fraction of CP fraction A in this study were slightly 
higher than that reported by Salazar-Cubillas and 
Dickhoefer (2021) for A. pintoi in the dry season, 
especially the fertilized A. hypogeae. The difference 
might be due to the season of the current study, 
which is the rainy season.

Table 1  Effects of fertilizer type on the protein fractions (g/kg DM) of two A. hypogaea herbage

Factors Protein fractions

Variety Fertilizer type A B1 B2 B3 C

SAMNUT 22 71.60 ± 1.25b 5.34 ± 0.07b 47.65 ± 0.79b 64.79 ± 1.28b 12.25 ± 0.09a

Local 76.38 ± 0.60a 5.53 ± 0.03a 49.55 ± 0.21a 67.83 ± 0.63a 11.64 ± 0.17b

Control 69.64 ± 1.82b 5.20 ± 0.09b 45.10 ± 1.01b 61.69 ± 1.65b 12.13 ± 0.20
Organic 76.90 ± 1.15a 5.56 ± 0.06a 50.11 ± 0.27a 68.11 ± 1.16a 11.70 ± 0.19
Inorganic 75.42 ± 0.78a 5.56 ± 0.03a 50.60 ± 0.33a 69.13 ± 0.51a 12.01 ± 0.12

SAMNUT 22 Control 65.40 ± 0.21d 5.01 ± 0.01d 42.77 ± 0.08e 58.34 ± 0.14d 12.64 ± 0.02a

Organic 72.83 ± 2.29c 5.43 ± 0.35bc 48.83 ± 0.53c 66.29 ± 2.34bc 12.28 ± 0.57ab

Inorganic 76.56 ± 0.91b 5.59 ± 0.14ab 51.36 ± 0.53a 69.74 ± 0.95a 11.84 ± 0.02bc

Local Control 73.88 ± 0.25bc 5.39 ± 0.07c 47.42 ± 0.08d 65.05 ± 0.83c 11.63 ± 0.35cd

Organic 80.97 ± 0.01a 5.69 ± 0.03a 51.40 ± 0.01a 69.93 ± 0.01a 11.12 ± 0.01d

Inorganic 74.28 ± 1.20bc 5.52 ± 0.13abc 49.84 ± 0.10b 68.52 ± 0.33b 12.18 ± 0.24abc

Note: a,b,c,d Means on the same column with different superscripts are significantly different at P < 0.05.
A = crude protein soluble in the borate-phosphate buffer and tungstic acid solution, B1 = true 
protein soluble in buffer solution and precipitated by the tungstic solution, B2 = true protein 
insoluble in buffer solution but soluble in the neutral-detergent solution, B3 = true protein soluble 
in acid-detergent solution but insoluble in neutral-detergent solution, C = true protein insoluble 
in the acid-detergent solution.
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The effect of variety on the CP fraction B1 
was significant (P < 0.05). The local variety had 
higher B1 than SAMNUT 22. The fertilized fodder had 
a higher fraction B1 compared with the unfertilized 
fodder, which was 6.92% higher than the unfertilized 
fodder. The organically fertilized local variety had 
the highest CP fraction B1, and the unfertilized 
SAMNUT 22 recorded the least fraction B1 value. 
For CP fraction B2, a similar trend as observed in 
CP fraction B1 was observed. The local variety 
had 4.69% more (P < 0.05) CP fraction B3 than 
the SAMNUT 22 variety. The organic and inorganic 
fertilized fodder had higher fraction B3 by 10.41% 
and 12.06%, respectively, than the unfertilized 
fodder. The variety × fertilizer type interaction (P < 
0.05) was observed and followed a similar pattern 
with CP fraction B1 and B2 (Table 1).

The fraction B1 recorded in this study 
for the unfertilized SAMNUT 22 was similar to 
that reported by Salazar-Cubillas and Dickhoefer 
(2021) for Mucuna spp. but the unfertilized both 
SAMNUT 22 and local varieties have lower values 
compared with the fertilized forages, which implied 
that N fertilizer promotes a higher fraction B1. The 
higher fractions B1 suggested that the additional N 
uptake by the fertilized groundnut was converted into 
protein. This was affirmed by Gierus et al. (2016) 
that moderately N fertilization of forage legumes 
does support the quality of CP. The fraction B1 in 
this study fell within the range (0.2–17.2 g/kg DM) 
reported by Salazar-Cubillas and Dickhoefer (2021) 
for tropical forage legumes. 

The fraction B2 in this study fell within 
the range (24.2–95.7 g/kg DM) reported by 
Salazar-Cubillas and Dickhoefer (2021) for tropical 
forage legumes. The fraction B2 is known for its 
intermediate degradation rate in the rumen (Sniffen 
et al., 1992). The lower fraction B2 in SAMNUT 
22 corresponded with higher fiber composition 
(Dele et al., 2019), implying that the local variety 
has a higher intermediate soluble portion. The 
higher fraction B2 of the fertilized is a reflection of 
N fertilizer favoring higher cell content against the 
cell wall translating to higher intermediate soluble 
protein content.

The fraction B3 portion of CP is known its a 
very slow degradation rate and is associated with the 
cell wall of the plant with a slowly available portion 
and another unavailable (Sniffen et al., 1992). The 
fraction B3 with fertilization was higher compared 
with the unfertilized forages. The increase in fraction 
B3 in this study confirms the report of Cuomo and 
Anderson (1996) that ruminally undegraded protein 
increase with N fertilizer application. The N fertilizer 
application (organic and inorganic) increased the 
fraction B3 compared with the unfertilized counterpart. 
The result of this current study was affirmed by the 
report of Tran et al. (2009). This increase might be 
due to N fertilizer application which is known to be 
the precursor to cell multiplication (growth) thereby 
increasing the cell content (digestible portion), which 
leads to increasing the soluble protein portion of 
the plant. The fraction B3 in this study fell within 
the range (6.2–69.9 g/kg DM) reported by Salazar-
Cubillas and Dickhoefer (2021) for tropical forage 
legumes.

SAMNUT 22 had a higher (P < 0.05) CP 
fraction C than the local variety. The CP fraction 
C was not significantly (P > 0.05) affected by the 
fertilizer type. Though the values were statistically 
similar, they were numerically different, with the 
fertilized fodders having lower values, the unfertilized 
SAMNUT 22 had the highest fraction C value while 
the local variety fertilized with organic fertilizer had 
the least CP fraction C value (Table 1).

Protein fraction C which is unavailable 
to the animals was significantly different between 
the varieties, which is why the values for SAMNUT  
22 were higher, which means that the SAMNUT 
22 had a higher actin-depolymerizing factor (ADF) 
content (Dele et al., 2019; Stojanović et al., 2020). 
The fertilizer type had no effect on the fraction  
C of the groundnut fodder and was similar to that 
reported by Rogers et al. (1996) that N fertilizer 
had no effect on acid detergent insoluble nitrogen 
(ADIN). The interaction of variety × fertilizer type 
showed that the unfertilized SAMNUT 22 had the 
highest (P < 0.05) fraction C value. This confirms 
the reports of Johnson et al. (2001) and Berça  
et al. (2021) that fraction C decrease with N fertilizer 
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application. The slight variation might be due to higher 
cell wall content that is associated with unfertilized 
forages compared with fertilized counterparts (Dele 
et al., 2019), as cell content is usually higher in 
fertilized forages, and the decrease of ADIN with 
N fertilization might be attributed to the difference 
in nutrient metabolism. The fraction C in this study 
fell within the range (9.6–47.0 g/kg DM) reported by 
Salazar-Cubillas and Dickhoefer (2021) for tropical 
forage legumes.

The content of different carbohydrate 
fractions of two varieties of A. hypogaea fodder as 
affected by fertilizer type are presented in Table 2. 
The CA fraction of carbohydrate was significantly 
(P < 0.05) affected by the varietal difference, with 
SAMNUT 22 having a higher CA fraction by 13.80% 
than the local variety. The fertilizer type effect 
showed that the unfertilized fodder had the highest  
(P < 0.05) CA fraction though statistically similar 
to the fodder fertilized with inorganic fertilizer. The 
variety × fertilizer type interaction was significant  

(P < 0.05) on the CA fraction of carbohydrate, which 
ranged from 75.20 to 99.24 g/kg, with unfertilized 
SAMNUT 22 having the highest value.

The higher fraction CA recorded for SAMNUT 
22 is an indication of a higher rapidly degradable 
fraction of soluble sugar, a higher intermediate 
degradable fraction CB1, which consists of pectin 
and starch, and a lower fraction CB2 is an indication 
of a less slowly degradable fiber fraction and higher 
fraction CC which is the undegradable cell wall 
portion. This higher soluble portion of SAMNUT 22 
might imply that a relatively high utilization efficiency 
of SAMNUT 22 is possible when fed to animals. 
Yu et al. (2003) reported that higher soluble fiber 
results in high efficiency of utilization in animals. The 
influence of fertilizer type on the fraction CA between 
the unfertilized and inorganic fertilized fodder was 
not significant but was significantly different from the 
organic fertilized fodder. The higher fraction CA in 
this study for the unfertilized fodder was similar to 
that reported by Hernández et al. (2020).

Table 2  Effects of fertilizer type on the carbohydrate fractions (g/kg DM) of two A. hypogaea herbage

Factors Carbohydrate fractions

Variety Fertilizer type CA CB1 CB2 CC

SAMNUT 22 94.11 ± 3.50a 41.17 ± 0.48a 436.80 ± 1.48b 75.16 ± 1.02a

Local 81.12 ± 2.42b 40.16 ± 0.45b 440.09 ± 1.08a 68.31 ± 1.55b

Control 90.26 ± 3.76a 39.87 ± 0.39b 445.64 ± 1.03a 74.60 ± 2.21a

Organic 82.74 ± 5.14b 39.83 ± 0.71b 435.15 ± 1.54b 68.85 ± 1.74b

Inorganic 89.84 ± 2.96a 42.30 ± 0.38a 434.55 ± 1.52b 71.76 ± 1.13ab

SAMNUT 22 Control 99.24 ± 0.75a 38.60 ± 0.20c 444.98 ± 1.91a 80.52 ± 0.22a

Organic 90.27 ± 1.06abc 41.99 ± 0.91ab 432.60 ± 1.74c 74.99 ± 1.47b

Inorganic 92.82 ± 1.60ab 42.91 ± 0.02a 432.82 ± 0.85bc 69.96 ± 0.03bc

Local Control 81.28 ± 2.09bc 41.13 ± 0.42b 446.29 ± 0.12a 68.68 ± 3.29c

Organic 75.20 ± 0.04c 37.67 ± 0.01c 437.70 ± 0.05b 62.70 ± 0.02d

Inorganic 86.87 ± 5.69abc 41.68 ± 0.71ab 436.28 ± 2.89bc 73.56 ± 2.13bc

Note: a,b,c Means on the same column with different superscripts are significantly different at P < 0.05.
CA = rapidly degradable carbohydrate composed mainly of starch, CB1 = intermediately degradable 
carbohydrate composed mainly of soluble fibers such as pectic polysaccharides, ß-glucans, and 
fructans, CB2 = slowly degradable carbohydrate composed of available neutral detergent fiber 
(NDF), CC = completely undegradable NDF.
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The CB1 fraction of carbohydrate was 
affected (P < 0.05) by the variety, with SAMNUT 
22 having a higher value than the local variety. 
The CB1 fraction was influenced by the fertilizer 
type, the inorganic fertilized fodder had the highest 
value, approximately 6.20% higher than that of 
the organic fertilized fodder. The interaction effect 
of variety × fertilizer type on the CB1 fraction 
of carbohydrate was significant (P < 0.05). The 
inorganic fertilized SAMNUT 22 recorded the highest 
CB1 value 42.91 g/kg, which was 13.91% higher 
than that of the CB1 of the organic fertilized local 
variety that recorded the least CB1 value. The 
CB2 fraction value of the local variety was higher 
(P < 0.05) than that of SAMNUT 22 fodder. The 
fertilizer type influenced the CB2 significantly, with 
the values of unfertilized fodder greater than the 
fertilized fodders. The CB2 fraction, as influenced 
by the interaction of variety and fertilizer type, was 
observed to be significant, with the unfertilized 
local variety having the highest value though not 
statistically different from the unfertilized SAMNUT 
22 and organic fertilized SAMNUT 22 having the 
least CB2 value. The varietal effect on the CC 
fraction of carbohydrate was significant (P < 0.05), 
with the SAMNUT 22 value higher than that of 
the local variety by 9.11%. The effect of fertilizer 
type was also significant on the CC fraction, but 
the fertilized fodders were reduced by 7.71% and 
3.81% for organic and inorganic fertilized fodders, 
respectively. The two-way interaction (variety × 
fertilizer type) indicated that unfertilized SAMNUT 
22 had the highest CC fraction of carbohydrate 
while the organic fertilized local variety recorded 
the least CC fraction value (Table 2). The higher 
CB1 with the inorganic fertilized forages in this 
study is in line with the report of Neumann et al. 
(2017). The fraction CC is adjudged to be the 
non-degradable portion of the neutral detergent 
fiber (Sniffen et al., 1992). The higher fraction CC 
of the unfertilized forage is an indication of lesser 
energy value because of the higher structural 

indigestible portion (Jung and Allen, 1995). The 
higher fraction CC of the unfertilized in this study 
is in line with the report of Hernández et al. (2020).

The varietal difference reflected (P < 0.05) 
on the WSC, WSSC:CP ratio, and uCP. Higher 
values of WSC and WSC:CP ratio were observed 
for the SAMNUT 22 whereas the local variety 
had higher uCP values. The WSC, as influenced 
by fertilizer type, was significant (P < 0.05), with 
the inorganic fertilized forage having the highest 
value. The unfertilized forage recorded the highest 
WSC:CP ratio, and the organically fertilized forage 
recorded the least value for both parameters. The 
uCP values of the fertilized forages were similar  
(P > 0.05) and significantly (P < 0.05) higher than 
the unfertilized counterpart. The interaction of variety 
× fertilizer type on the parameters in Table 3 was 
significant. The WSC ranged from 96.28 to 107.79 
g/kg DM, with the organic fertilized SAMNUT 22 
having the highest WSC value and the organic 
fertilized local variety recording the highest uCP 
(258.98 ± 1.04 g/kg DM) value.

Water-soluble carbohydrates are 
components that digest completely and have an 
essential role they play in animal nutrition, as they 
are a major source of the readily available energy 
necessary for efficient microbial fermentation in 
the rumen (Jafari, 2012). The variation in the WSC 
based on variety in this study is supported by the 
report of Buxton and Fales (1994) who stated that 
the carbohydrate content of forages could be a 
production of the plant and its environment such 
as temperature, sunlight, and nutrient/fertilization. 
In this study, N fertilization was interacted with 
differently by the two varieties. It has been reported 
that higher WSC results in higher energy value 
and utilization efficiency of nutrients for animal 
productivity (Miller et al., 2001). This higher WSC 
for the organic fertilized SAMUNT 22 will support 
the consumption of lesser dietary N and conversion 
of dietary N to animal products.
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Table 3	 Effects of fertilizer type on the WSC, WSC:CP ratio, and utilizable crude protein of two A. 
hypogaea herbage

Factors
WSC (g/kg DM) WSC:CP uCP (g/kg DM)

Variety Fertilizer type

SAMNUT 22 105.11 ± 0.73a 0.53 ± 0.01a 244.52 ± 2.81b

Local 96.52 ± 1.51b 0.46 ± 0.01b 252.16 ± 1.30a

Control 100.84 ± 1.55ab 0.53 ± 0.01a 237.94 ± 2.03b

Organic 98.58 ± 2.51b 0.47 ± 0.02c 253.43 ± 2.83a

Inorganic 103.01 ± 0.88a 0.49 ± 0.01b 253.66 ± 1.43a

SAMNUT 22 Control 105.40 ± 0.11ab 0.58 ± 0.00a 230.09 ± 0.19c

Organic 107.79 ± 1.69a 0.53 ± 0.01b 247.90 ± 4.96b

Inorganic 102.12 ± 0.00b 0.48 ± 0.01d 255.56 ± 2.11ab

Local Control 96.28 ± 2.09c 0.48 ± 0.01d 245.78 ± 0.07b

Organic 89.37 ± 0.01d 0.41 ± 0.00e 258.95 ± 1.04a

Inorganic 103.89 ± 1.76ab 0.50 ± 0.01c 251.75 ± 1.81ab

Note: a,b,c Means on the same column with different superscripts are significantly different at P < 0.05.
WSC = water-soluble carbohydrate, CP = crude protein, uCP = utilizable crude protein.

The WSC:CP ratio of the forage in this 
study is lower than the proposed WSC:CP ratio of 
0.70 to improve dietary N and for the reduction of 
N loss through urine (Edwards et al., 2007). The 
unfertilized SAMNUT 22 was observed to have a 
slightly higher WSC:CP ratio value than alfalfa (da 
Silva et al., 2014). This implied that the unfertilized 
SAMNUT 22 higher WSC:CP with lower CP value 
will improve dietary N utilization but lower forage 
yield (Dele et al., 2019). 

The value of uCP reflects the undegraded 
forage protein and microbial protein synthesis. The 
local variety had higher uCP than the SAMNUT 
22 which is a reflection of the CP as well as the 
soluble portion of the protein fraction and non-protein 
nitrogen. The higher uCP estimation as related to 
the fertilizer type for the fertilized forage is in line 
with the report of Falahatizow et al. (2019). This is 

an indication that fertilizer application favors true 
protein (Peyraud and Astigarraga, 1998; Abbasi 
et al., 2012).

CONCLUSION

It can be concluded that the organic fertilized 
local variety (local × organic fertilizer) of A. hypogaea 
had the better potential of providing forage resources 
with a higher soluble fraction of CP and lower portion 
of cell wall bounded CP fraction as well as the 
highest uCP making it ruminally beneficial if fed 
to ruminants. It is therefore recommended as a 
better feedstuff for protein supplementation. The 
unfertilized SAMNUT 22 was concluded to be a 
forage resource with a better balance of energy to 
protein feedstuff and recommended as feedstuff 
for energy-protein balancing candidates.
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