RAnadolu Tarim Bilimleri Dergisi,
Anadolu Journal of Agricultural Sciences

R

S
—
“Mays ONNE

e-ISSN: 1308-8769, ANAJAS Haziran 2024, 39 (2): 239-246

Solid-state Fermentation of Wheat Bran by
Aspergillus niger Strains: Effect on the Nutritional
Composition and /n vitro Digestibility

Bugday Kepeginin Aspergillus niger Suslart ile Kati
Faz Fermantasyonu: Besin Madde Kompozisyonu
ve In vitro Sindirilebilirligi Uzerine Etkisi

Aydin ALTOP', Emrah GUNGOR?, Sevket OZL(3, Giiray ERENER*

'Department of Animal Science, Faculty of Agriculture, Ondokuz Mayis University, Samsun
- daltop@omu.edu.tr - > 0000-0002-3966-300X

’Department of Animal Science, Faculty of Agriculture, Ondokuz Mayis University, Samsun
- emrah.gungor@omu.edu.tr - > 0000-0003-4380-6162

3Department of Animal Science, Faculty of Agriculture, Ondokuz Mayis University, Samsun
- sevket.ozlu@omu.edu.tr - > 0000-0003-4494-345X

“Department of Animal Science, Faculty of Agriculture, Ondokuz Mayis University, Samsun
- gerener@omu.edu.tr - > 0000-0002-8025-2560

Makale Bilgisi/Article Information

Makale Tiirii/Article Types: Arastirma Makalesi/Research Article
Gelis Tarihi/Received: 14 Haziran/June 2023
Kabul Tarihi/Accepted: 04 Nisan/April 2024
Yil/Year: 2024 | Cilt-Volume: 39 | Sayi-Issue: 2 | Sayfa/Pages: 239-246

Atif/Cite as: Altop, A, Giingor, E, OzLi, S, Erener, G. "Solid-state Fermentation of Wheat Bran by Aspergillus niger Strains:
Effect on the Nutritional Composition and /n vitro Digestibility" Anadolu Journal of Agricultural Sciences,
39(2), Haziran 2024: 239-246.

Sorumlu Yazar/Corresponding Author: Emrah GUNGOR

https://doi.org/10.7161/omuanajas.1314081 d
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SOLID-STATE FERMENTATION OF WHEAT BRAN BY
ASPERGILLUS NIGER STRAINS: EFFECT ON THE NUTRITIONAL
COMPOSITION AND IN VITRO DIGESTIBILITY

ABSTRACT

This study aimed to investigate the effect of Aspergillus niger on the nutritional
composition and in vitro dry matter digestibility of wheat bran (WB) in solid-state
fermentation. Two A. niger strains (ATCC 200345 or ATCC 52172) were used as
inoculants in solid-state fermentation of WB. Wheat bran was sterilized at 121°C
for 15 min and inoculated with A. niger strains at 10° spores kg' WB. Samples were
incubated at 60°C for two days and dried at room temperature until reaching 90%
dry matter. Crude protein (CP), ether extract (EE), ash, crude fiber (CF), hemicel-
lulose, neutral detergent fiber (NDF) and acid detergent fiber (ADF) content and in
vitro dry matter digestibility of WB and fermented WB were determined. The CP
and ash levels were increased (P<0.001) by solid-state fermentation using A. niger
strains. However, both A. niger strains decreased (P<0.001) the CE, NDE, ADE
and hemicellulose content of WB. The EE content of WB was reduced (P=0.027)
by ATCC 200345 but was not affected (P=0.145) by ATCC 52172. The in vitro dry
matter digestibility of WB was increased (P=0.013) by both A. niger strains. The
greater increases in CP and ash content and the greater decrease in hemicellulose
were obtained from ATCC 52172 (P<0.001). However, greater decreases in CF and
ADF content were observed in fermented WB with ATCC 200345 compared to
fermented WB with ATCC 52172 (P=0.037 and P=0.013, respectively). The results
of the present study showed that A. niger improved the nutritional composition
and in vitro dry matter digestibility of WB with solid-state fermentation. ATCC
52172 can be recommended for higher CP and ATCC 200345 for lower CF and
ADF and in solid-state fermentation of WB.

Keywords: Fermentation, Fungus, Wheat Bran, Nutrient Composition, Digestibility.
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BUGDAY KEPEGININ ASPERGILLUS NIGER SUSLARI ILE KATI
FAZ FERMANTASYONU: BESIN MADDE KOMPOZiSYONU
VE IN VITRO SINDIRILEBILIRLiGI UZERINE ETKISi

0z
Bu calismada, bugday kepeginin (BK) besin madde kompozisyonu ve in vitro

kuru madde sindirilebilirligi tizerine Aspergillus niger kullanilan kati faz ferman-
tasyonun etkileri arastirilmistir. BK’nin kat1 faz fermantasyonunda iki farkli A.
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niger susu (ATCC 200345 ve ATCC 52172) inokulant olarak kullanilmistir. BK,
121°Cde 15 dakika steril edilmis ve A. niger suslar1 10° spor kg' BK diizeyinde
inokule edilmigtir. Ornekler 60°C'de 2 giin inkiibe edilmis ve %90 kuru madde-
ye ulasana kadar oda sicakliginda kurutulmugtur. BK ve fermente BK’nin, ham
protein (HP), ham yag (HY), ham kil (HK), ham seliiloz (HS), hemiseliiloz, notr
deterjanda ¢oziinmeyen lif (NDF), asit deterjanda ¢oziinmeyen lif (ADF) diizeyleri
ile in vitro kuru madde sindirilebilirligi belirlenmistir. BK’nin HP ve HK diizeyleri,
A. niger suglarinin kullanildigi kat1 faz fermantasyonu ile artmistir (P<0.001). Buna
karsin, her iki A. niger susu da BK’nin HS, NDE, ADF ve hemiseliiloz diizeylerini
azaltmistir (P<0.001). BK’nin HY icerigi, ATCC 200345 ile azaltilirken (P=0.027)
ATCC 52172den etkilenmemistir (P=0.145). BK’nin in vitro kuru madde sindirile-
bilirligi her iki A. niger susu ile artirilmigtir (P=0.013). BK’nin HP ve HK diizeyin-
deki en bityiik artis ile hemiseliiloz diizeyindeki en biiyiik diistis ATCC 52172'den
elde edilmistir (P<0.001). Bununla birlikte, ATCC 200345 kullanilarak fermente
edilen BK’nin HS ve ADF diizeyleri ATCC 52172 ile fermente edilen BK'den daha
diisiik olmustur (sirasiyla P=0.037 ve P<0.013). Calismanin sonuglari, A. niger kul-
lanilan kati faz fermantasyonu ile BK’nin besin madde kompozisyonunun ve in
vitro kuru madde sindirilebilirliginin iyilestirilebilecegini gostermistir. BK’nin kat1
kiltiir fermantasyonunda daha yitksek HP icerigi i¢cin ATCC 52172, daha disiik
HS ve ADF icerigi i¢cin ATCC 200345 6nerilebilir.

Anahtar Kelimeler: Fermantasyon, Mantar, Bugday Kepegi, Besin Madde
Kompoziyonu, Sindirilebilirlik.

1. INTRODUCTION

Feed costs account for 70% of the total costs in poultry operations. Protein
sources have a significant share in feed costs because they are more expensive than
other feeds and are used in high amounts in poultry diets. Therefore, it is necessary
to improve the nutritional composition of low-protein feeds and convert them to
high-protein feeds to reduce feed costs (Glingor et al., 2017).

Wheat bran (WB) is a by-product of the milling process and contains 17.1%
crude protein (CP), 44.6% crude fiber (CF), and 5.8% ash (Shang et al., 2020). The
CP content of WB is lower than that of oilseeds. The high CF in WB results in lower
digestibility and limits the use of WB in poultry diets (Gallardo et al., 2018).

Solid-state fermentation can improve the nutritional composition and increase
the in vitro digestibility of feedstuff (Zhang et al., 2006). Aspergillus niger is a pro-
biotic microorganism used in poultry diets (Harimurti and Hadisaputro, 2015).
Imelda et al. (2008) reported that A. niger increased the CP and ash content of WB
in solid-state fermentation. However, there is a lack of information on the effect
of A. niger on the in vitro digestibility of WB. Furthermore, Giingér et al. (2017)
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reported that different strains of A. niger have different effects on the nutritional
composition of feedstuffs in solid-state fermentation. The hypothesis of this study
was that different A. niger strains in solid-state fermentation have different influen-
ce on the nutritional composition of WB. The effect of two A. niger strains (ATCC
200345 or ATCC 52172) on the nutritional composition and in vitro dry matter
digestibility of WB was evaluated in this study.

2. MATERIALS AND METHODS

2.1. Treatments, Microorganisms and Substrate

The study was conducted with three treatment groups with three replicates
in each group. The treatments were unfermented WB (control), fermented WB
(FWB) using ATCC 200345 (FWB1) and FWB using ATCC 52172 (FWB2).

The A. niger strains used in the study (ATCC 200345 and ATCC 52172) were
obtained from the American Type Culture Collection (ATCC). Wheat bran was
provided by a local feed mill factory.

2.2. Solid-state Fermentation

Wheat bran was milled to 2 mm and autoclaved at 121°C for 15 min for steril-
ization prior to fermentation. The nutrient salt ((NH,),SO,:glucose:KH_PO :urea:-
peptone:MgSO,.7H,0=6:4:4:1:1) was added to the WB to support fungal growth.
A. niger was inoculated at 10° spores kg WB. Samples were then incubated for 48
hours at 60°C and dried for six days at room temperature until having 90% dry
matter, according to Giingor et al. (2020).

2.3. Nutritional Composition

WB and FWB were analyzed to determine the dry matter, ether extract (EE),
ash, CP, and CF content according to AOAC (2000). Acid detergent fiber (ADF)
and neutral detergent fiber (NDF) analyses were performed according to the met-
hods of Van Soest et al. (1991). The hemicellulose content of WB and FWB was
obtained by subtracting ADF from NDE

2.4.In Vitro Digestibility

A pepsin-pancreatin enzymatic assay was performed to determine the in vitro
dry matter digestibility of WB and FWB according to Yegani et al. (2013). Samples
were milled to pass through a 1 mm sieve, and 500 mg were placed in in vitro flas-
ks. Then, 25 mL of 0.1 M phosphate buffer and 10 mL of 0.2 M HCI were added to

https://doi.org/10.7161/0muanajas.1314081 d



Solid-state Fermentation of Wheat Bran by Aspergillus niger...

each flask. The flasks were shaken to mix the samples with the solution. Then 1 mL
of porcine pepsin (25 mg mL", P-7000, Sigma-Aldrich) was added to the flasks.
Chloramphenicol (0.5 mL) was added to each flask to minimize the effects of any
bacterial fermentation during the incubation period. The flasks were shaken again
and then placed in a shaking incubator (100 rpm, 41°C) for 2 hours.

At the end of the incubation, 5 mL of 0.6 M NaOH and 10 mL of 0.2 M
phosphate buffer were added to each flask. After shaking the flasks, 1 mL of por-
cine pancreatin (100 mg mL", P1750; Sigma-Aldrich) containing protease, lipase,
and amylase was added to each flask. The flasks were shaken and incubated for 4
hours (100 rpm, 41°C). After removing the flasks from the incubator, 5 mL of 20%
sulfosalicylic acid was added to each flask. The flasks were kept at room tempera-
ture for 30 min, and then the contents of the flasks were filtered through Whatman
No. 54 filter papers (Whatman Inc., Florham Park, NJ). The filter papers before the
process and residues collected on the filter papers were dried at 80°C overnight.
The in vitro dry matter digestibility was calculated using the following formula:

. I . in vitro residue weight (g)
In vitro dry matter digestibility (%) = 100 — - 100
sample weight (g)

2.5. Statistical Analysis

All experiments were performed with three replicates. Differences between tre-
atments were tested by ANOVA using SPSS software (SPSS 21.0 Statistics). The
means of the treatments were separated by the TUKEY test. The level of statistical
significance was set at P < 0.05.

3. RESULTS

The nutritional composition of unfermented and fermented WB using A. niger
is shown in Table 1. The CP and ash contents of WB were increased (P<0.001) by
solid-state fermentation. However, solid-state fermentation decreased (P<0.001)
the CF, NDF, ADE hemicellulose, and nitrogen-free extract (NFE) contents of WB.
The EE content of the FWBI group was higher (P=0.027) than that of the WB
group, but it is similar (P=0.145) to that of the FWB2 group. The FWB2 had higher
(P<0.001) CP and ash content than FWBI. In addition, CF and ADF levels were
lower in FWB1 compared to FWB2 (P=0.037 and P=0.013, respectively). Howe-
ver, FWBI had higher (P=0.027 and P=0.003, respectively) hemicellulose and NFE
content than FWB2. Fermented wheat brans had similar (P=0.856) NDF contents.
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Table 1. Nutritional composition of WB and FWB using two A. niger strains

Nutrients (%, dry matter) WB FWB1 FWB2 SEM P

Crude Protein 16.87¢ 31.53° 33.51* 2.626 <0.001
Ether Extract 3.15° 2.04° 246" 0.194 0.031
Ash 5.51¢ 10.57° 11.22° 0.904 <0.001
NFE 63.53* 46.87° 43.01° 3.157 <0.001
Crude Fiber 10.95° 8.97¢ 9.79° 0.300 <0.001
NDF 43.52° 29.87° 30.01° 2.265 <0.001
ADF 13.46° 10.46° 11.87° 0.449 <0.001
Hemicellulose 30.06° 19.41° 18.14¢ 1.893 <0.001

WB: wheat bran, FWBI1: fermented wheat bran by Aspergillus niger ATCC 200345, FWB2: fermented wheat bran by
Aspergillus niger ATCC 52172

The in vitro dry matter digestibility of WB and FWB using A. niger is shown
in Table 2. Both A. niger strains increased (P<0.001) the in vitro dry matter diges-
tibility of WB. In addition, the in vitro dry matter digestibility of FWBI1 tended
(P=0.060) to be higher than that of the FWB2.

Table 2. In vitro dry matter digestibility of WB and FWB using two A. niger strains

Digestibility (%) WB FWBI1 FWB2 SEM P
Dry Matter 39.73° 56.30° 48.10° 2.661 0.001

WB: wheat bran, FWB1: fermented wheat bran by Aspergillus niger ATCC 200345, FWB2: fermented wheat bran by
Aspergillus niger ATCC 52172

4. DISCUSSION

Solid-state fermentation is a useful method for improving the nutritional
composition of feedstuffs and enhancing nutrient digestibility (Gungor and Ere-
ner, 2020). In the present study, the nutritional composition of WB was improved
through solid-state fermentation using A. niger. Similarly, A. niger improved the
nutritional quality of WB by increasing CP, ash, and amino acid content through
solid-state fermentation (Imelda et al., 2008). Aspergillus niger also increased the
in vitro dry matter digestibility of WB in this study. Similar to the results of the
present study, in vitro dry matter digestibility of pomegranate seed was improved
by solid-state fermentation using A. niger (Glingor et al., 2020).

Protein is an important nutrient that animals need to maintain their develop-
ment. The protein content of feed is an important factor in determining its price.
Solid-state fermentation using A. niger increased the CP level of WB in this study.
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Similarly, Imelda et al. (2008) reported increased CP and amino acid levels in WB
through solid-state fermentation. Aspergillus niger can produce various digestive
enzymes such as protease, cellulase, and hemicellulase (Kang et al., 2004; de Castro
etal., 2015). Several studies have shown that WB is a suitable substrate for A. niger
to produce protease and xylanase enzymes (Couri et al., 2000; de Castro et al., 2015).
The increase in the CP content of WB may be due to microbial proteins such as fi-
lamentous fungi (A. niger) and enzymes produced during solid-state fermentation.

Aspergillus niger can produce cellulolytic enzymes such as cellulase and hemi-
cellulase in WB during solid-state fermentation (Kang et al., 2004). Both A. niger
strains reduced the CE, hemicellulose, NDE and ADF content of WB in this study. Si-
milarly, A. niger reduced the CE, NDF, and ADF content of hazelnut kernel meal (Altop
et al,, 2019). The hemicellulose content of cottonseed, sunflower, and hazelnut kernel
meals was reduced by solid-state fermentation using A. niger. Cellulolytic enzymes can
degrade the structural carbohydrates such as cellulose and hemicellulose in WB and
lignin and cause a decrease in the CF, hemicellulose, NDF and ADF content of WB.

Aspergillus niger can enrich the substrates with various digestive enzymes such
as protease, cellulase, and hemicellulase (Kang et al., 2004; de Castro et al., 2015).
Solid-state fermentation can increase the nutrient digestibility of feeds by reducing
the level of structural carbohydrates in feeds that are difficult to digest (Giingor
et al., 2020). Similarly, chickens received diets supplemented with fermented sour
cherry kernel had higher dry matter digestibility than the control chickens due to
reduced CF content and enzymes produced during fermentation (Gungor and Ere-
ner, 2020). Both A. niger strains increased WB’s in vitro dry matter digestibility in
the present study. Similarly, Glingor et al. (2020) showed an increased in vitro dry
matter digestibility of pomegranate seeds by A. niger solid-state fermentation. The
increased in vitro dry matter digestibility may be due to the reduced CF content
and digestive enzymes produced in WB during solid-state fermentation.

Aspergillus spp. can produce microbial lipids during solid-state fermentation
and increase the EE content of the substrate after fermentation (Hui et al., 2010).
Solid-state fermentation using A. niger increased the EE content of WB up to the
first four days, but the longer fermentation times caused a decrease in the EE con-
tent of WB, similar to the results of the present study (Imelda et al., 2008). Simi-
larly, reduced EE content was reported by A. niger after solid-state fermentation
in cottonseed meal and sunflower meal (Altop et al., 2019). In addition, A. niger
ATCC 200345 reduced the EE content of WB; however, A. niger ATCC 52172 did
not affect the EE content of WB in this study. This result confirms the hypothesis
of the present study that different strains have different effects on the nutrient con-
tent of the substrate. Similarly, two studied A. niger strains did not change the EE
content of sour cherry kernels, but one A. niger strain decreased the EE content in
solid-state fermentation (Giingor et al., 2017).
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Some minerals can be accumulated by the microorganism during solid-state
fermentation, leading to an increase in the ash content of the substrates (Xiao et al.,
2021). Both A. niger increased the ash content of WB in this study. Imelda et al.
(2008) also showed that the ash content of the WB increased from the first day
of the solid-state fermentation with A. niger. Similar results were also reported
in the studies on cottonseed meal, sunflower meal, and hazelnut kernel meal
(Altop et al., 2019).

Microorganisms prefer to use carbohydrates as a carbon source rather than
other nutrients. In this study, solid-state fermentation caused a decrease in the
NEE content of WB. Similarly, Imelda et al. (2008) found that the total carbo-
hydrate content of WB was reduced by solid-state fermentation using A. niger.
The decrease in the NFE content of WB can be attributed to the consumption
of the carbohydrate content of WB by A. niger. Similarly, the NFE content of
sunflower meal and hazelnut kernel meal was reduced after solid-state fermen-
tation (Altop et al., 2019).

5. CONCLUSION

In conclusion, solid-state fermentation using A. niger can increase the in vitro
dry matter digestibility and improve the nutritional composition of WB by incre-
asing the CP and ash content and decreasing the structural carbohydrate content.
ATCC 52172 can be recommended for the higher CP content and ATCC 200345
for the lower CF and ADF content of WB in solid-state fermentation. Further deta-
iled studies need to be conducted to verify the results of the present study.
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