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Abstract

The availability of locally produced soybean meal (SBM) in substantial amounts compels the local poultry
feed producers to use the ingredient as a major alternative to animal protein sources. The presence of anti-
nutritional factors and variation of nutritional quality limits the extent to which soybean meal can be applied
in poultry feed formulation. A two-step soybean meal fermentation process was carried out using Aspergillus
niger and Saccharomyces cerevisiae for 48 hours at 37°C and after fermentation the meal was sun dried. The
fermented soybean meal (FSBM) and the soybean meal their proximate nutrient composition and amino acid
concentrations were determined using AOAC standards. FSBM had the greater nutritional value and a higher
total amino acid concentration than in SBM. This was due to the increase in the bioavailability of nutrients.
This associated with the significant increase of small size peptides in FSBM, as long-chained proteins are
broken down and reducing the levels of allergenic proteins and anti-nutritional factors in FSBM. Therefore,
FSBM is a potential alternative to animal protein sources and can be used in poultry feed formulation by
local poultry feed producers.
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1. INTRODUCTION

Nutrition is central in poultry production because of its direct influence on broiler performance and
production economics. Feed cost contributes at least 60% of the total production costs in poultry
production, since the common ingredients used in poultry feed formulation include fish meal, meat
meal, corn gluten which have different protein concentrations which are expensive (SMA, 2018). The
Stock feeds Manufacturers Association report in 2018 report highlighted that the average monthly
procurement of soybean derivatives in the first quarter of 2018 was at 11,084 metric tonnes per month
(USD$6.9 million). This represented a volume increases for the first quarter 59% (51% in value) over
the same period in 2017 and a 29% increase from the last quarter of 2017 (SMA, 2018). This revealed
the soybean derivatives preference level and its acceptability in terms of usage by poultry feed
manufacturing mills in Zimbabwe. Apart from being expensive, most protein sources from animal
origin are generally highly infested and carry heavy microbial loads (Choct et al., 2010).

Aspergillus niger and Saccharomyces cerevisiae, as microbial agents, have demonstrated potential in
enhancing the nutritional quality of soybean meal through various mechanisms. Studies have
indicated that these microorganisms can effectively degrade anti-nutritional factors such as phytic
acid, oligosaccharides, and protease inhibitors present in soybean meal (Smith and Bedford, 2000).
Decreased levels of these factors present in SBM, including trypsin inhibitors, lectins, and phytic acid
factors can enhance nutrient utilization and reduce the risk of digestive disturbances in poultry (Bai et
al., 2017). Additionally, they contribute to the synthesis of enzymes such as phytase and xylanase,
which facilitate the breakdown of complex carbohydrates and enhance nutrient availability (Bedford, 2000).

Furthermore, research suggests that microbial fermentation with Aspergillus niger and Saccharomyces
cerevisiae can lead to increased protein digestibility and amino acid availability in soybean meal
(Adebokun et al., 2008)). This process may also result in the production of beneficial metabolites,
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including vitamins and organic acids, which could further augment the nutritional value of the feed
(Llckstadt et al., 2013). Fermentation processes can increase the availability of nutrients such as
phosphorus, calcium, and trace minerals in SBM through enzymatic breakdown and chelation
mechanisms (Niu et al., 2021). Overall, these findings underscore the potential of microbial
fermentation techniques involving Aspergillus niger and Saccharomyces cerevisiae to optimize the
base nutritional composition of soybean meal, thereby improving its suitability for poultry feed
formulation.

Improved nutrient bioavailability can promote optimal growth performance and overall health in
poultry (Zhang et al., 2019). The use of Aspergillus niger and Saccharomyces cerevisiae in SBM
fermentation can positively influence the composition and activity of gut microbiota in poultry (Zhang
et al., 2020). Despite the potential benefits, the economic feasibility of incorporating fermented SBM
into poultry feed formulations should be carefully evaluated, taking into account the cost of
fermentation and potential improvements in performance and health parameters (Wang et al., 2021).

Layer and broiler production in most countries aims at closing the gap of animal protein deficiency
(Lee et al., 2009); therefore this led to a tremendous improvement in the past few decades in poultry
production. This great improvement encompassed almost all aspects of poultry production such as
nutrition and genetic selection. Hence this study investigated the effect of fermented soybean meal on
the of soybean meal.

2. MATERIALS AND METHODS

Soybeans procured from Plot 16, Kent were ground to a particle size (<500 um) by screen diameter to
produce a meal. Heat sterilization was performed by spreading approximately 1kg of soybean meal on
an aluminum tray and heated in the oven dryer for 30 minutes at 125 °C (Gonzalez-Vega et al.,2011).
Treated soybean meal was removed from the oven, covered in aluminums foil, and stored in a
previously autoclaved glass jar until it was needed. The fermentation culture medium was in a ratio of
(97%) soybean meal (SBM): (2%) maize meal (2%) and (1%) glucose. The moisture content of
culture medium was adjusted to about 60% and the substrate was mixed with the A. nigerspore
suspension (2x107 spores/mL) per flask.

The inoculated substrate was incubated at 30°C for 72 hours. Triplicate samples were taken for
analysis after every 6 hours of fermentation. After A.niger fermentation process, the one step
fermented soybean meal was dried so as to inactivate the A.niger. The one-step fermented soybean
meal was inoculated with active cells of S.cerevisiae. The initial concentration of the yeast in the flask
was approximately 0.002g/ml. The second step of fermentation was at 37°C for 10 hours and after the
fermentation process, the fermented soybean meal (FSBM) was sun dried. The dried FSBM was
ground through a 2 mm mill and stored in a dry environment.

Determination of the proximate chemical composition, that is, crude protein lipids, ash and crude fiber
and the determination of the amino acid concentration in FSBM and SBM were determined following
the standard methods of AOAC (2005). The content of intestines was collected in sterile containers as
a bulk sample from each of the analyzed groups. Then 20g of collected contents were placed into
bottles containing 180ml of the dilutions, and homogenized. The next step was to make a series of
decimal dilutions and plate prepared samples for microbiological growth.

3. RESULTS
3.1. Organoleptic Characteristics of FSBM

The SBM,that is, (A) during the fermentation process turned from pale yellow colour to a golden
yellow colour,that is,(B) as shown in Figure 1 below. The following were the oragnoleptic
characteristics of the fermented soybean meal: distinctive smell (sweet smelling aroma), golden
yellow colour and rough texture (after drying).

International Journal of Research Studies in Biosciences (IJRSB) Page | 24



The Effect of Aspergillus niger and Saccharomyces Cerevisiae on the Base Nutritional Value of Soybean
Meal Used in Poultry Feed Formulation

,“ﬁ ! "',/',:- x : » .".,

4 iy * \ :p,.l‘.‘ L‘

7 AT P
J JAK N Y M

Wi ‘ y L]
Two-step fermentation process 52 il o e AR

, o ,' ek 74 ,~£

— o' ApYA & o
098 Jl ., \"“."

v A .-,';
: .."r")'" r ?

T {
F B } )J J-(
: ‘ A ’.;,v
PR (KD, ]

’ w

i
¥ L

Figure 1. The colour change of SBM before and after fermentation
3.2. Proximate Nutrient Composition of FSBM and SBM

The CP, CF, NDF, Fat, Ash and P (33.5, 4.54, 47.41, 16,48, 4.10 and 0.39 respectively) was higher in
FSBM than in the SBM, while the latter had a higher dry matter and calcium content (90.6 and 0.67
respectively) than the FSBM as show in Table 1 below. FSBM had the greater nutritional value across
all test nutrient parameters per 100g as shown in Figure 3.

Table 1. Proximate nutrient composition of FSBM and SBM

Test Parameter (g/1009) DM CP CF NDF Fat | Ash Ca P
% % % % % % % %

FSBM 89.6 335 4.54 4741 | 1648 | 4.10 0.65 0.39

SBM 90.6 27.1 4.46 44.73 | 10.73 | 3.60 0.67 0.24

Notes: Ca-Calcium; P- Phosphorus; Nacl -Sodium Chloride; CP- Crude Protein; Fat; DM-Dry Matter;
NDF-Neutral Detergent Fiber; ME-Metabolisable Energy

3.3. Amino Acid Concentrations of SBM and FSBM

Table 2 below shows the amino acids concentration in FSBM and SBM. The total amino acid
concentration of FSBM is higher than SBM amino acid concentration as shown in Figure 3. The
essential amino acids concentrations for poultry such as glycine, histidine, leucine, isoleucine, lysine,
methionine, cysteine, phenylalanine, threonine and tryptophan were higher in FSBM than in SBM.
The glutamic acid concentration was the highest in both SBM and FSBM, however between the two
FSBM had the glutamic acid concentration, as show in Figure 2 below.
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Figure 2. Amino acid profile of SBM and FSBM.
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Figure 3. Total Amino Acid concentration of SBM and FSBM.
Table 2. Amino acid concentrations of SBM and FSBM

® Total Amino Acid
Concentration

Amino Acid SBM (g/16N) FSBM (g/16N)
Lysine 4.05 5.23
Histidine 1.56 2.56
Isoleucine 3.12 4,05
Tyrosine 1.95 3.21
Phenylalanine 2.09 2.98
Leucine 5.94 6.52
Cysteine 0.81 1.02
Methionine 0.75 0.99
Proline 4.84 5.21
Glutamic acid 14.56 18.85
Glycine 3.01 3.87
Alanine 3.11 4.09
Threonine 3.54 3.98
Tryptophan 0.56 0.86
Total Amino Acid Concentration 49.89 63.42

3.4. Feed Microbiological Safety

The microbial count in the intestinal content of broilers fed with feed containing FSBM was lower
than in those fed with feed containing SBM as shown in Figure 4. SBM feed had a higher, number of
coliforms present, the total overall number of fungi and the total number of microorganisms in terms
of the colony forming units per gram (cfu/g) at Log 10, 3.56, 1.65 and 5.27 respectively compared

with 2.96, 1.13 .4.29 respectively in FSBM as shown in Table 3 below.

1 CSBM
BFSBM

Total number of The overall mimber of  The total number of
coliforms (cfw/g) fungi (cfw'g) microorganisms (cfw/g)
Microbiological parameter

Figure 4. Microbiological Analysis.
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Table 3. Feed microbiological research

Microbiological safety parameters SBM FSBM
Result Log 10 Result Log 10
Total number of coliforms (cfu/g) 3636 3.56 909 2.96
The overall number of fungi (cfu/g) 45 1.65 14 1.13
The total number of 184545 5.27 19545 4.29
microorganisms(cfu/g)

Colony forming units per gram (cfu/g)
4. DISCUSSION
4.1. Organoleptic Characteristics of FSBM

Fermentation of soybean meal resulted in a golden yellow, sweet smelling aroma of the fermented
soybean meal. This is due to the presence of organic acids such as lactic acids present in FSBM. Also
the colour change is attributed to the sun drying of FSBM that caused a golden yellow colour.

4.2. Proximate Nutrient Composition of FSBM and SBM

The FSBM had higher crude protein and fat content than the SBM. Thus 19% crude protein increase
was observed after a two-step fermentation of soybean meal with Aspergillus niger and
Saccharomyces cerevisiae. This is attributed to the Aspergillus species and Saccharomyces
cerevisiae’s capability to produce enzymes such as hemicellulases, hydrolases, pectinases, protease,
amylase, lipases, and tannases(Orleans and Green, 2011). The fermentation by Aspergillus species
and Saccharomyces cerevisiae increases the bioavailability of nutrients (Mo et al., 2016).This is
associated with the significant increase of small size peptides in FSBM (Spanghero et al., 2017), as
long-chained proteins are broken down.

The fungal fermentation also increases the nutritional value of the soybean meal by increasing the fat,
ash, phosphorus and crude protein (CP) contents (Divate et al., 2016). This is in agreement with the
results obtained after the two-step fermentation of soybean meal by Aspergillus niger and
Saccharomyces cerevisiae as shown in Table 1. The phosphorus content increased by 69% in FSBM,
as shown in Table 1.The ability of Aspergillus niger and Saccharomyces cerevisiae to produce
phytase which digests phytic acid, releasing phosphorus. Hence, effectively increases the
bioavailability of phosphorus (Jongbloed et al., 1992). Thus Aspergilli almost completely eliminates
phytate, resulting in FSBM with highly available phosphorus (Soomro et al.,2017).

4.3. Amino Acid Concentrations of SBM and FSBM

The total amino acid concentration of FSBM is higher than SBM amino acid concentration as shown
in Figure 3. Thus 27% amino acid concentration increase was observed after a two-step fermentation
of soybean meal with Aspergillus niger and Saccharomyces cerevisiae. This is associated with the
significant increase of small size peptides in FSBM (Spangheroet al., 2017). Since the long-chained
proteins are broken down by proteases produced by the Aspergillus niger and Saccharomyces
cerevisiae. According to Hong et al., (2004), soybean meal fermented with Aspergillus species for 48
hours, successfully degrades the large allergenic proteins. Thus increasing crude protein content and
improving the essential amino acid profile of soybean meal. The glutamic acid concentration was the
highest in both SBM and FSBM, however between the two FSBM had the glutamic acid
concentration, as show in Figure 2 below. Glutamic acid is present in largest concentration in
100grams, hence this contributed to glutamic acid having the highest concentration.

Fermentation of SBM with A.niger increased the concentrations of histidine, isoleucine, tyrosine,
phenylalanine, glutamic acid and glycine as shown in Figure 2. This finding is in partial agreement
with the results of Bonvini et al., (2018), in which the contents of most of essential AAs improved.
However some essential AA profile remained significantly unchanged such as for cysteine,
tryptophan and methionine after fungal fermentation. This is due to the Aspergillus niger and
Saccharomyces cerevisiae preferentially using specific AAs rather than all. These findings are in
agreement with the suggestion by Soomro et al., (2017), who suggested that concentrations of certain
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AAs increases, as well as the changes in AA profile of FSBM could be attributed to microbial
metabolism that takes place during SBM fermentation.

4.4, Feed Microbiological Safety

The microbial count in the intestinal content of broilers fed with feed containing FSBM was lower
than in those fed with feed containing SBM as shown in Figure 4. This is due to the increase in lactic
acid concentration in the FSBM hence reducing or limiting the number of pathogenic microorganisms
in the FSBM.

5. CONCLUSION

FSBM had a higher amino acid concentration and crude protein compared to the SBM, after the hence
a proximate composition and amino acid concentrations, hence it can be concluded that fermentation
of the SBM improves the nutritional value and amino acid concentration of the SBM. This is
associated with the significant increase of small size peptides in FSBM as long-chained proteins are
broken down by proteases enzymes and other enzymes such as hemi-cellulases, hydrolases, pectinases
amylase, lipases, and tannases during the two step fermentation process. Thus reducing and
eliminating the anti-nutritional factors and allergenic proteins present in the SBM. However there is
need for optimization of the solid state SBM fermentation, so as to monitor and maintain fermentation
activity conditions. Based on the findings, FSBM is a potential alternative to animal protein sources
such that can be used in poultry feed formulation by local poultry feed producers and poultry feed
users.
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