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			Abstract | This study investigated the nutritional and anti-nutritional components of non-fermented and microbe fermented cassava stumps using Aspergillus niger (ATCC 16404) strain in a solid substrate. The dried and milled cassava stumps were aseptically inoculated with Aspergillus niger (ATCC 16404) strain in a solid-state at substrates to water ratio 1.0:1.0 w/v and then incubated for 192 hours at room temperature. Samples were taken at 48 h interval for the proximate, minerals and anti-nutrients composition determination of the fermented cassava stumps. The experimental design employed was completely Randomized Design. The results showed that the fermentation media and the fermentation period significantly (P < 0.05) affected the nutritional and anti-nutritional components of the cassava stumps, as there was better enhancement of the by-product at higher fermentation period. The highest crude protein (CP), ether extract (EE), ash, and lowest crude fiber (CF) in fermented cassava stumps were obtained at 192 hours of fermentation with the following values CP 7.45%, EE 9.81% and ash 7.01%. A similar trend was also observed for mineral enhancement and anti-nutrient degradation. Conclusively, this study showed that solid-state fermentation using Aspergillus niger (ATCC 16404) strain can effectively enhance the nutritive value of cassava stumps which can help increase the feed resources for non-ruminant animals.
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			INTRODUCTION

			 

			The major constraint to livestock production is the availability and cost of feed resources; hence the search for alternative, cheap, non-conventional and underutilized feed ingredients such as agro-industrial by-products and wastes is important. Agro-industrial by-products are in abundance in Nigeria and the industries producing these by-products have expenses for their proper disposals. Some of these wastes left unutilized cause environmental pollution and constitute health hazards (Aro and Aletor, 2012). Those that are utilized do not have their full potential harnessed due to high fibre content, low digestibility, presence of anti-nutritive factors and lack of knowledge of processing methods.

			 

			Nigeria with annual production of 53 million tonnes is the number one World producer of cassava (Otekunrin and Sawicka, 2019). A root crop cultivated mainly in tropical and sub-tropical regions (Chauynarong et al., 2009). Cassava processing produces large amounts of waste and is considered to contribute significantly to environmental pollution (Food and Agricultural Organization (FAO, 2001). A cassava-starch production unit process 100 tons of tubers per day has an output of 47 tons of fresh by-products, which may cause environmental problems when left in the surroundings of processing plants or carelessly disposed off (Aro et al., 2010). One of these by-products is the cassava stump (the highly fibrous trimmed ends of the cassava root), which is usually left in the open areas after cassava processing. The wet form of this by-product often constitutes environmental pollution, emitting foul odour; and when the dried one are burned it can deplete the ozone layer. The best use of this by-product is its use as firewood by the rural dwellers, and woody stems are ground-up and used as substrate for growing mushrooms (Food and Agricultural Organization (FAO, 2013).

			 

			The utilization of agro-industrial residues as substrates in solid-state fermentation (SSF) processes provides an alternative avenue and value addition to these otherwise underutilized or unused residues. Solid substrates generally provide a good dwelling environment to the microbial flora comprising bacteria, yeasts, and fungi. Amongst these, filamentous fungi have been reported to be the best studied for SSF due to their hyphal growth (Iyayi, 2004; Farinas et al., 2011). Pasaribu et al. (1998) opined that substrate fermentation using Aspergillus niger could be used to improve high fibrotic, low protein and poorly digestible agricultural by-products. 

			 

			Cassava stump can provide a vast amount of valuable feed resources if properly harnessed and processed into value-added products for animal use; thereby serving as alternatives to conventional feed resources and bringing down the cost of animal production. This could motivate farmers to venture more into livestock production and provides more job opportunity. 

			 

			There are very scarce literature or scientific studies on cassava stumps, thus this study is an attempt to see how this cassava by-product can be nutritionally improved using Aspergillus niger.

			 

			MATERIALS AND METHODS

			 

			Chemical Analysis of the By-Products

			The composite cassava stumps were obtained from the garri Processing Unit of Commercial Farm, Landmark University, Omu-Aran, Kwara State of Nigeria. The proximate analysis of the dried and milled cassava stumps was carried out in triplicate, using Association of Analytical Chemist method (AOAC, 2000). The detergent components of the fiber were analyzed by the method of Van Soest (1991) while the metabolizable energy (ME) was calculated from Pauzenga formula as reported by Clement et al. (2017) shown below:

			  ME (kcal/kg DM) = (37 x % CP) + (81.8 x % EE) + (35.5 x % NFE).

			 

			Determination of the Mineral Content of the Cassava By-Products 

			The mineral content determination was carried out by ashing about 2g of samples collected from each of the cassava by-products. The ashed sample was then dissolved in HNO3, and the samples filtered into clean small plastic bottles using number 42 Whatman filter paper. The filtrate was then diluted to 100ml with distilled water. Magnesium (Mg); potassium (K) and sodium (Na) were determined by flame photometry using the specific metal bulbs (Lapa et al., 1996). Phosphorus (P) was determined by the Vanado-molybdate method using Corning Colorimeter 253 (AOAC, 2000) and calcium (Ca) was determined by titrating the filtrate with ethylene diamine tetra-acetic acid (EDTA) as described by Bisergaeva and Sirieva, (2020).

			 

			Determination of Anti-nutrients in the Cassava By-Products

			The method of the Association of Analytical Chemist (AOAC, 2000) was used to determine the hydrocyanide (HCN) content of the cassava stumps; Phytic acid and Alkaloid were determined by the procedure of Ezeonu and Ejikeme (2016); while the Follin Denis titrating method as described by Li et al. (2015) was used to determine the tannin level. 

			 

			Solid State Fermentation Process

			Aspergillus niger, a filamentous fungus was used as the candidate micro-organism for this study. The type Aspergillus niger ATCC 16404 was obtained from the Microbiology Laboratory of the Department of Microbiology, Landmark University, Omu-Aran, Kwara State of Nigeria. 

			 

			Fifty grams of the dried and milled cassava stumps were weighed into 12 sets of 250 ml conical flask, distilled water was added at 1.0:1.0 w: v (50g stumps + 50 ml H2O). 

			 

			The flasks were then plugged with nonabsorbent cotton wool. All samples were autoclaved for 15 min at a pressure of 103.421 KPa and a temperature of 121oC; the samples were then allowed to cool. Each of the autoclaved samples was then inoculated with 2 ml of A. niger containing 1.07 x 109 colony forming unit per ml in a laminar flow chamber. All the samples were thereafter kept on the bench under ambient temperature. At every 48 hours (48th, 96th, 144th and 192th hour), three conical flasks (i.e. triplicate) were 

			Table 1: Proximate composition of the fermented cassava stump (% DM)

			
				
					
					
					
					
					
					
					
				
				
					
							Proximate Parameters (%)
							 
							Fermentation period (hours)
							
							 

							±SEM

						
					

					
							UFS
							48
							96
							144
							192
					

					
							
							Moisture

						
							
							6.05d

						
							
							13.10a

						
							
							9.53b

						
							
							8.01bc

						
							
							7.51c

						
							
							0.07

						
					

					
							
							Crude protein

						
							
							2.53cd

						
							
							3.57c

						
							
							3.84c

						
							
							5.37b

						
							
							7.45a

						
							
							0.02

						
					

					
							
							Ether extract

						
							
							5.53c

						
							
							7.75b

						
							
							9.81a

						
							
							9.80a

						
							
							8.55ab

						
							
							0.10

						
					

					
							
							Crude fibre

						
							
							12.53a

						
							
							10.52b

						
							
							9.52b

						
							
							9.05bc

						
							
							7.51c

						
							
							0.12

						
					

					
							
							Ash

						
							
							3.01c

						
							
							4.80b

						
							
							7.01a

						
							
							6.55a

						
							
							6.25a

						
							
							0.10

						
					

					
							
							Nitrogen free extract

						
							
							70.3 a

						
							
							60.74b

						
							
							59.29b

						
							
							61.52b

						
							
							62.43b

						
							
							0.24

						
					

					
							
							ME (kcal/kg)

						
							
							3043b

						
							
							2922c

						
							
							3049b

						
							
							3185a

						
							
							3191a

						
							
							0.28

						
					

					
							
							NDF

						
							
							33.42a

						
							
							31.43b

						
							
							29.01c

						
							
							27.31d

						
							
							23.32e

						
							
							0.23

						
					

					
							
							ADF

						
							
							20.68a

						
							
							20.33a

						
							
							20.02a

						
							
							18.48b

						
							
							14.31c

						
							
							0.69

						
					

				
			

			

			a –e = Means on the same row with different superscripts are statistically significant (P < 0.05). UFS = Unfermented stump; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; ME = Metabolizable energy; SEM = Standard error of mean.

			 

			Table 2: Mineral components (%) of fermented cassava stumps 

			
				
					
					
					
					
					
					
					
				
				
					
							Minerals 
							                             Fermentation period in Hours
							
							 

							±SEM

						
					

					
							UFS
							48
							86
							144
							192
					

					
							
							Calcium

						
							
							0.14d

						
							
							0.25c

						
							
							0.45b

						
							
							0.68a

						
							
							0.72a

						
							
							0.12

						
					

					
							
							Phosphorus

						
							
							0.11b

						
							
							0.14b

						
							
							0.26a

						
							
							0.30a

						
							
							0.35a

						
							
							0.05

						
					

					
							
							Magnesium

						
							
							0.04c

						
							
							0.08b

						
							
							0.15a

						
							
							0.20a

						
							
							0.20a

						
							
							0.05

						
					

					
							
							Potassium

						
							
							0.05

						
							
							0.06

						
							
							0.08

						
							
							0.08

						
							
							0.10

						
							
							0.01

						
					

					
							
							Sodium

						
							
							0.0001

						
							
							0.0001

						
							
							0.0003

						
							
							0.0004

						
							
							0.0005

						
							
							0.01

						
					

				
			

			

			a –d = Means on the same row with different superscripts are statistically significant (P < 0.05). UFS = Unfermented cassava stump; SEM = Standard error of means.

			 

			Table 3: Anti-nutrient contents of fermented cassava stumps 

			
				
					
					
					
					
					
					
					
				
				
					
							Anti-nutrient
							                       Fermentation period in Hours
							
							 

							±SEM

						
					

					
							UFS
							48
							96
							144
							192
					

					
							
							Alkaloid (%)

						
							
							3.21a

						
							
							2.87ab

						
							
							2.04b

						
							
							1.67b

						
							
							0.34c

						
							
							0.04

						
					

					
							
							Phytate  (mg/100g)

						
							
							9.10a

						
							
							8.50ab

						
							
							8.00b

						
							
							7.81bc

						
							
							7.11c

						
							
							0.20

						
					

					
							
							HCN (mg/kg)

						
							
							1.35a

						
							
							1.06b

						
							
							1.01b

						
							
							0.69c

						
							
							0.65c

						
							
							0.03

						
					

					
							
							Saponin (%)

						
							
							2.26a

						
							
							1.83b

						
							
							1.66b

						
							
							1.52b

						
							
							1.19c

						
							
							0.11

						
					

					
							
							Tannin (%)

						
							
							0.43a

						
							
							0.37a

						
							
							0.31ab

						
							
							0.27b

						
							
							0.16c

						
							
							0.02

						
					

				
			

			

			a –c = Means on the same row with different superscripts are statistically significant (P < 0.05). UFS = Unfermented cassava stump; SEM = Standard error of mean; HCN = Hydrocyanide

			 

			 

			taken and the fermentation terminated by sun-drying for two days and stored in cellophane bags for subsequent analyses (Iyayi, 2004).

			 

			Chemical Analyses of the Fermented Products

			Proximate analyses, minerals, and anti-nutritive contents were carried out as described above.

			 

			Statistical Analysis

			The experimental design was completely Randomized Design (CRD). All generated data from the experiment were presented as the mean values of three replicates each. One-way Analysis of Variance (ANOVA) and Duncan Multiple Range Test were carried out using SAS 2000 package at the end of the analyses. 

			 

			RESULTS

			 

			At the different fermentation conditions, ether extract showed consistent increase (from 5.53 to 9.81%) with time of fermentation up to 96 h, after which decrease was observed. Crude protein however, continue to increase until the end of fermentation process (192 h) (Table 1).  

			 

			There was a significant enhancement of crude protein in the fermented cassava stumps (FCS) from 2.52 % in unfermented to 7.45% (Table 1) representing 196% increment (Figure 1).

			 

			[image: Image24076519.PNG] 

			Figure 1: Degree of enhancement of the crude protein, ether extract and ash in the fermented cassava stump

			CP = crude protein; EE = Ether extract; A = 48 hours, B = 96 hours; C = 144 hours; D = 192 hours

			 

			Generally, the mineral compositions of the cassava stump showed consistent increase with period of fermentation. This trend was irrespective of the minerals (Table 2). When compared with the unfermented cassava stump, fermentation was observed to significantly enhance the mineral contents of the cassava stump (Figure 2).

			 

			[image: Image24079745.PNG] 

			Figure 2: Degree of cassava stump minerals’ enhancement by the solid state fermentation

			Ca = Calcium; P = Phosphorus; Mg = Magnesium; K = Potassium; Na = Sodium; A = 48 hours, B = 96 hours; C = 144 hours; D = 192 hours

			 

			All the anti-nutrient contents detected showed consistent decreases with fermentation period. This trend was irrespective of the ant-nutrients type (Table 3). The SSF significantly reduced the alkaloid content of the FCS in this study (Table 3 and Figure 3). In addition, there were significant reductions in the HCN levels in the FCS (Figure 3). 

			[image: Image24083920.PNG] 

			Figure 3: Degree of cassava stump anti-nutrients’ degradation by the solid state fermentation

			HCN = Hydrocyanide; A = 48 hours, B = 96 hours; C = 144 hours; D = 192 hours

			 

			DISCUSSION

			 

			The significant enhancement of crude protein (CP) in the fermented cassava stumps (FCS) observed in this study is in agreement with previous works (Aderemi and Nworgu, 2007; Aro et al., 2010; Adeleke et al., 2017). This observation is an indication that A. niger ATCC 16404 can be employed in the enhancement of cassava stump.  The increase in the CP may be because of A. niger β-glucosidase that attribute in the production of proteases, which is responsible for the degradation of proteins and peptides (Ikpesu et al., 2016). It could also be due to the bioconversion of sugar into protein, and/or the proliferation and exponential growth of the A. niger, thereby yielding single cell proteins into the media (Akinyele and Agbo, 2007; Okpako et al., 2008, Ikpesu et al., 2016). This may also be a clue to the reduction in nitrogen free extract (NFE) as the fermentation progressed, as negative correlation has been reported between protein and carbohydrate levels during fermentation process (Okpako et al., 2008; Yafetto, 2018). 

			 

			There was also an increase in EE up to 96 hours of fermentation, after which the values began to decline. This is consistent with the findings of Animashahun et al. (2013) and Shi et al. (2015), who found higher EE in Penicillium sp. and Aspergillus niger assisted solid state fermentation respectively. The enhancement of EE could probably due to biosynthesis of lipids during the fermentation process by the A. niger from the substrates. The synthesis of enzymes during SSF is well known, and the hydrolysis activity of these enzymes on antinutrients (e.g., lipases, proteases, amylases, and phytase) results in the liberation of single cell proteins, simple sugars, fatty acids, and minerals (Sharma et al., 2020).

			 

			There was reduction in the crude fibre (CF), acid detergent fibre (ADF) and neutral detergent fibre (NDF) of the fermented cassava stump. The action of the A. niger and the elicited enzymes may be responsible for this CF and the fibre fractions degradation (Aro et al., 2010) and this can enhance the digestibility of the cassava stump in the non-ruminant gastro intestinal tracts. This finding could also enhance knowledge of the application of fungi in protein enhancement and fibre fractions degradation of agro industrial wastes and subsequent incorporation into non-ruminants feed to increase the productivity thereby increasing the protein intake of human and improving the economic status of local farmers (Yafetto, 2018). 

			 

			The ash content increased progressively from zero hour to 144 hours in the FCS; this is in agreement with the observation of Oboh and Akindahunsi (2003) and Animashahun et al. (2013), but at variance with Aro et al. (2010); the observed differences could be due to the processing techniques as opined by Aro et al. (2010).

			 

			The reduction in the NFE of the FCS may be due to the utilization of the substrates as the energy source by the A. niger in the enrichment of protein levels during the fermentation process (Iyayi, 2004; Animashahun et al., 2013). Hence, as the protein increased there was a corresponding reduction in the NFE.

			 

			The significant reduction in the alkaloid content of the FCS reported in this study was lower than what was reported in related studies (D’Mello, 2000; Aro et al., 2010). The FCS incorporation into feed may not therefore negatively affect voluntary feed intake by the animals. The significant reduction in phytate level could be due to the relative ability of A. niger to secrete phytase, an enzyme that hydrolyses phytate in the FCP (Aro et al., 2010; Etsuyankpa et al. 2015). The results were also in agreement with previous works by Oboh et al. (2003) and Etsuyankpa et al. (2015) who reported reduction in the phytate level of cassava by- products after A. niger assisted fermentation. The values obtained in the study were grossly lower than those observed by Oluremi et al. (2007) and Aro et al. (2010). Therefore, there will probably be no fear of nutrient deficiency due to phytic acid in the feed. 

			 

			The HCN levels in the FCS were far below the toxic level of 5mg/100g for livestock reported by Coursey (1973), and within the range of 4mg/100g recommended by World Health Organization as reported by Ekere and Ese (2014) and Ojiambo et al. (2017).  The very low HCN may be due to the initial sun drying of the cassava stumps prior to fermentation, as sun drying is a well-known process of detoxifying cassava root, and also the variety or source of the cassava stumps (Enyenihi et al., 2009; Bayitse et al., 2015).

			The microbial SSF caused appreciable reduction in the level of saponin of the cassava stump; this is in consonant with the report of Etsuyankpa et al. (2015). The saponin level of the FCS was lower than the 3mg/100g adjudged to be hazardous to cattle (Kumar, 1991). There was significant reduction in the level of tannin in FCS, which may be attributed to the degradation of the polyphenols in the solid substrates by the A. niger during the fermentation process (Etsuyankpa et al., 2015). It is noteworthy that the levels of tannin in the FCS was well below 1-20% reported to cause depressed growth rate and poor feed utilization in non-ruminants (Price et al., 1980). Tannin and saponin are known to adversely affect digestibility in animal (Richard, 2003), the low levels of this anti-nutrient in the FCS is an indication that digestibility may not be negatively affected if this cassava by-product is used in the feed of animals.

			 

			SSF by A. niger significantly enhanced all the minerals content of the FCS. This may be because of biodegradation of non-starch polysaccharides in the substrate (Gupta et al., 2015). The Ca level obtained in this study was higher than 0.03mg/100g obtained by Oboh (2006) and reported by Aro (2008). However, the values in this study are lower than 3.4 – 3.85% daily requirement per head per day recommended for commercial laying hens by Miles and Harms (1982) and 4.25 –4.75% by Hyline (2014). It should be noted that these recommended values are to be supplied by all the feed ingredients in the feed and not the FCS alone. The optimum enhanced level of phosphorus in the FCS at the optimum enhanced levels was within the range of 0.35 and 0.48% (Hyline, 2014). The values in this study are higher than the values of 0.20, 0.20, 0.15, 0.20 and 0.20% in wheat, corn, barley, oat and peas respectively, but comparable to P values of 0.37, 0.48 and 0.50% in soybean meal, cottonseed meal and sunflower meal (Hyline, 2014). Incorporating FCS in the feed may therefore have no adverse effect on growth, performance, productivity and reproductive activities of chickens. 

			 

			There was improvement in the levels of Mg and K in the FCS up to the end of fermentation (192 hours). The Mg level obtained for FCS was higher than 0.48mg/100g (4.8mg/kg) reported by Aro (2008). The use of this cassava by-product in poultry nutrition meet with the Mg requirement of 0.03 – 0.06 mg/100g for avian specie. The K values obtained for FCS are higher than 0.05mg/100g reported by Oboh (2006) and Aro (2008). The Na content of the FCS are grossly lower than the 0.04 mg/100g reported by Oboh (2006) and Aro (2008). The differences could be due to specie differences of the candidate organisms, and the ability of these organisms to liberate Na. Aro (2008)observed that the combination of A. fumigatus/lactic acid and S. cerevisiae/lactic acid yielded the highest Na in cassava starch residue and cassava peel respectively while Oboh (2006) employed S. cerevisiae and Lactobacillus sp. in cassava peels. These results also validated the report of Aro (2008) who observed that A. niger may have special need for Na.

			 

			Ramesh and Lonsane (1991) observed that the solid substrate might not provide all the nutrients needed by the candidate organisms for maximum activity. Some of the vital nutrients necessary for optimum growth and product formation during SSF may be at sub-optimal level and this may necessitate exogenous supply of various nutrients like carbon source to the medium to improve the growth of the organisms and product yield. The reduction in the values of EE and ash after the attainment of the maximum enhancement could be due to the depletion of the nutrient in the media or depletion of the sugar content in the fermentation substrate (Ramesh and Lonsane 1991; Ezekiel and Aworh, 2013) which possibly could have led to the death of some of the organisms.

			 

			CONCLUSION

			 

			Findings from this study revealed that solid-state fermentation is a very good and cheap method of enhancing the nutritive values of cassava stump and local farmers on the field can easily employ it with little or no assistance. With the high percentage enhancement of the nutritive values observed in the current study, it can be concluded that solid-state fermentation using Aspergillus niger ATCC 16404 may be a good technique for the enrichment of cassava by-products. These findings are also indications that Aspergillus niger (ATCC 16404) is a good microbial candidate for solid state fermentation in the enhancement of cassava stumps. 

			 

			The cassava stump which hitherto has been of no value, when fermented  can be incorporated into the feed of non-ruminant livestock as a source of energy thereby solving the problem of disposal and environmental pollution on one hand, as well as serving as cheap and viable feed resource for the livestock enterprise. 
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Enhancement of Nutritive Value of Cassava Stumps by Aspergillus
niger ATCC 16404 in Solid State
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Abstract | This study investigated the nutritional and anti-nutritional components of non-fermented and microbe fer-
mented cassava stumps using Aspergillus niger (ATCC 16404) strain in a solid substrate. The dried and milled cassava
stumps were aseptically inoculated with Aspergillus niger (ATCC 16404) strain in a solid-state at substrates to water
ratio 1.0:1.0 w/v and then incubated for 192 hours at room temperature. Samples were taken at 48 h interval for the
proximate, minerals and anti-nutrients composition determination of the fermented cassava stumps. The experimen-
tal design employed was completely Randomized Design. The results showed that the fermentation media and the
fermentation period significantly (P < 0.05) affected the nutritional and anti-nutritional components of the cassava
stumps, as there was better enhancement of the by-product at higher fermentation period. The highest crude protein
(CP), ether extract (EE), ash, and lowest crude fiber (CF) in fermented cassava stumps were obtained at 192 hours of
fermentation with the following values CP 7.45%, EE 9.81% and ash 7.01%. A similar trend was also observed for
mineral enhancement and anti-nutrient degradation. Conclusively, this study showed that solid-state fermentation
using Aspergillus niger (ATCC 16404) strain can effectively enhance the nutritive value of cassava stumps which can
help increase the feed resources for non-ruminant animals.

Keywords | Anti-nutrients, Aspergillus niger, Cassava by-products, Cassava stumps, Nutrients, Solid-state fermenta-
tion
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INTRODUCTION

of these wastes left unutilized cause environmental pollu-
tion and constitute health hazards (Aro and Aletor, 2012).
Those that are utilized do not have their full potential har-

he major constraint to livestock production is the
nessed due to high fibre content, low digestibility, presence

availability and cost of feed resources; hence the search

for alternative, cheap, non-conventional and underutilized ~of anti-nutritive factors and lack of knowledge of process-

feed ingredients such as agro-industrial by-products and
wastes is important. Agro-industrial by-products are in
abundance in Nigeria and the industries producing these
by-products have expenses for their proper disposals. Some

ing methods.

Nigeria with annual production of 53 million tonnes is the
number one World producer of cassava (Otekunrin and
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