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Abstract | ]
Aquaculture production has expanded at a rate of 15% per year and is predicted 1 ||

continue at this rate for at least the next decade. Demand on traditional feed ingredient”
like fishmeal and fish oil is increasing and expanded production of carnivorous specie||
requiring high protein, high energy feeds will further tax global fishmeal and oil suppliesj|
Grain and oil seed by products are the most likely candidate feed sources to cari"S
aquaculture forward to higher production levels. Wheat bran, the main by product of|
wheat milling is a heterogeneous mixture of grain fragments containing hyaline aleuréni|
layers of the seed. The high quality proteins, minerals and vitamins originally located.i||
the outer layers of the kernel are concentrated in the bran, which therefore becomesf|
very rich source of nutrients. However, the nutritive value of bran, as of any

product, is not only a result of its total nutrient content but also on nutrient availabM
and digestibility. Solid-state fermentation (SSF) is defined as the fermentation of soli||
substrates in the absence of free flowing water. Recently SSF has gained interest du6-t||
its potential in solid waste treatment, the production of secondary metabolites ancj|
production of novel foods and feed ingredients. Present investigation was concerned!
with the solid-state cultivation of the fungus Aspergillus niger isolated from mangrove”
ecosystem on wheat bran and its impact on its nutritional value. The crude proteifi|
content increased significantly (P<0.05) with the maximum increase on day eigh|
(102.4%). Significant (P<0.05) reduction in total carbohydrate with least on day 8 wal|
observed (21.64% reduction). Variation in amino acid profile was also observed durih||
fermentation. Duration of fermentation had significant (P<0.05) effect on the nutritional
profile of the substrate. The results of the present study show that the present strain <||
A. niger can be effectively used for bioconversion of wheat bran for use in aquafee||

if
formulations.



Introduction

""V aquaculture to make a net contribution to human food supplies, the present use of
Mimeal in aquafeeds must be substantially reduced (Williams et at., 2003). Alternative
£ d sources are increasingly being sought to provide a cost effective means to supply
Stured fish and crustacean species with the same nutrients offered by fishmeal and fish
S?s enabling efficient physiological function, reproduction and commercially viable
©bwth rates (Jobling et at., 2001). When plant meals are used as fishmeal supplements,
ai nutritional factors such as phytic acid, alkaloids, tannins, and protease inhibitors
tersely affect the efficient partitioning of proteins (Singh ef a/.,, 2003). A.so plant meals
Ze limited by containing insufficient levels of essential amino acids such as cysteine,
methionine and lysine (Ali, 1992). Wheat and wheat products are widely in aquafeeds for
Aproving pellet stability and it is suggested to use wheat bran instead for cost
effectiveness (Maina et at., 2002). Wheat bran, the main by product of wheat milling,
stains high quality proteins, minerals and vitamins. But it is-less digestible and the
tm plex matrix of the cell walis acts as a barrier to digestive enzymes. Moreover, ant,
futrients like, phytic acid limit the availability of bran nutrients (Lena et al, 1997)
ingrove ecosystem harbors a wide variety of microorganisms like, bacteria, fungi an
4icro algae (Kathiresan and Bhingam, 2001). Filamentous fungi are used for various
(industrial fermentation processes for food and metabolite production (Pandey et at
}1999). Aspergillus niger is reported to produce as many as 19 enzymes in solid sta e
‘fermentations (Pandey et at.,, 1999). Fermentation with Aspergillus niger, have been
studied for citric acid, xylanolytic enzyme, pectolytic enzyme, d-glucosidase, alpha and
4uco-amylase, and nucleic acid related substances productions (Tello-Soliset at., 1994,
'Pandey et at.,, 1999; Bhatnagar, 2004). Solid- state fermentation (SSF) is the cultivation
microorganisms on selected substrate in the absence of free water. The study of
fungal growth in SSF shows advantages over submerged cultures, because this is a
‘natural environment for filamentous fungi. SSF for feed production include improvement
in the digestibility, nutrient bioavailability and protein value of feedstuffs (Gumbira-Sai ,
<*1996). Depending upon the kind and extent of treatment, the substrates get upgraded in
protein (3.5 times increase in fungal protein content) fats, soluble sugars, vitamin
famine acids and thus can even be used in entirety as animal feed (Singh et at 1990;
.Puniya and Singh, 1995; Mitra et at.,, 1996).- SSF can add aroma, palatability and health

promoting substances of interest to the substrate. Several fungal spec.es have been
w
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used for SSF in several countries, especially in Asia for preparing fermented foodstuffs
such as tempeh (Zheng and Shetty, 1998). Fermentation of cassava with Aspergillus,
Neurospora and Rhizopus elevated the protein values on using nitrogenous
supplements (Varghese et al., 1976; Balagopalan and Padmaja, 1988; Stertz et al.,
1999). The SSF of soybean flour using Bacillus coagulans improved the protein and
NFE contents of the substrate, along with reduction in crude fibre (Imelda-Joseph and
Paulraj, 2003). SSF of oilcakes using Aspergillus niger Strain 616 and Bacillus
coagulans resulted in enrichment of protein, and the fermented product was effective as

fishmeal replacement (20%) in shrimp diets (Vijayakumar, 2003).

Materials and Methods

Wheat bran for fermentation was bought from an animal feed shop at Cochin.
Flasks (500 ml) with 20 g of wheat bran fortified with Czapek Dox [NaNO03 (2.5 g I*),
K2HPO4 (1 g I'D, MgS04. 7H20 (0.5 g I'D), KCI (0.5 g I') pH @5.0] were used for the
study (Aikat and Bhattacharya, 2000). Moisture content was adjusted to 60% by addition

of Czapek- Dox. Before fermentation, flasks with the moist substrate were autoclaved at

121.1 °C for 15min.

For inoculum, 7 days old slants of A. niger strain Si4 maintained in potato
dextrose agar (PDA) were taken and 10 ml of sterile Tween-80 (0.1%) was added to
make a spore suspension. An inoculum size of 0.5 ml containing 20x106 spores was
used for each flask and incubated at 30°C 1 (Kaur et al., 2003). All flasks were kept
Uhder stationary condition, with occasional shaking at pH 6.4 - 6.5 for optimization of
duration. Three replicates of each treatment were kept for 8 days, with sampling after
every 24 h interval starting from day O to day 8 (Day, 0,1,2,3,4,5,6,7 and 8). After drying
to a constant weight at 85°C, composition of fermented wheat bran (dry matter, crude
protein, crude ash, crude fiber, and crude fat) was estimated by following AOAC (1990).

Amino acid profile was determined using HPLC (Waters India Ltd.). The results were

analyzed by two-way ANOVA. -
Results and Discussion

In the present study, wheat bran, a major agro industrial by-product was used for solid-
state fermentation. It has been widely used as a supplement in cattle feed (Mitra et al.,

1996; Lena et al, 1997; Aikat and Bhattacharya, 2000; Kaur et al., 2003). The
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Achemical composition of control and the fermented wheat bran were analyzed and the
Asults are given in Table 1. Crude protein content in the control was 13.66%, which
then gradually increased with duration of fermentation and was found to be 16.86% on
day one and 27.6% on day 8. An increase above 102.4% was obtained on day 8 (Table
This significant (P<0.05) increase in protein content during fermentation may be
Cstributed to the efficient bioconversion of highly polymerized carbohydrates into fungal
Qotein and the production of different types of enzymes, which are proteinaceous in
-yture (Vijayakumar, 2003). Lena et al. (1997) have also reported increase in crude
protein content of wheat bran during SSF with white-rot fungus. Significant increase in
the crude protein and true protein contents, protein solubility and in vitro digestibility of
Nickpea by SSF have been reported with increase in the amino acid and fatty acid
swbntents especially the available lysine, palmitic acid and stearic acid (Moreno et al.,,
%p00). Mitra et al. (1996) have reported that by the process of SSF it was possible to
Aonvert cassava to a protein enriched animal feed and the highest increase in protein

Acontent observed was 14.32% from the initial 1.28% by filamentous fungi.

N The amino acid profile of control as well as the fermented wheat bran is shown in
-Table 3. After 5 days (120 h) of fermentation the protein increased by 77.16%.
Significant increase in production of Aspartic acid (43.71%), serine (69.79%), histidine
"6.93%), threonine (70.57%), alanine (36.69%), valine (16.8%), cysteine (40%) and
Nsine (43.77%) were observed in 5 days. The level of amino acids in cellobiases, the
Enzymes produced by certain strains of A.niger showed high contents of aspartic acid,
glutamic acid, threonine, serine, and glycine (Abdel-Naby et al., 1999). Significant
Jicrease in crude protein and true protein contents, protein solubility and in vitro
-digestibility of chickpea by SSF have been reported with increase in the amino acid and
Natty acid contents especially the available lysine, palmitic acid and stearic acid (Moreno
% tal., 2000). Single cell protein produced by A. niger contained 30.4% crude protein and
ijhad an essential amino acid profile featuring a high lysine content and appreciable
"mounts of methionine and tryptophane, and 12.9% fat, which was comprised of all
-essential fatty acids (Singh et al., 1991). The increase in amino acids in the fermented

*
Jproduct shows that the carbohydrate consumption is closely proportional to protein

Aproduction' during solid substrate fermentation. Reduction in Glutamic acid (43.94%),
~nglycine (5.8%), Proline (47.19%), methionine (67.64%) and tryptophan (34.01%) were

ijalso observed. This may be due to the utilization of these amino acids for the production
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of enzymes and other organic compounds by A. niger during SSF. The gradual increase
in crude fat content in the fermented wheat bran during SSF till day 8 may be attributed
to the production fungal fatty acids during fermentation. Fungi are reported to produce

fatty acids at varying levels during SSF (Higashiyama et al., 2002).

The crude ash content of the control was 4.69%, but afterwards it increased upto
6.62% on day 4 and thereafter gradually reduced. Total carbohydrate content was
determined by indirect estimation by subtracting the total values of crude fat, crude
protein and crude ash from 100. In control the total carbohydrate was 80.46%. Further it
reduced with duration of fermentation. The lowest value was obtained on day 8
(63.05%). The total carbohydrate loss was significant (P<0.05) with duration of
fermentation. A total loss of 63.05% was observed on day 8 (Table 2). The total
carbohydrate content showed a steady and significant (P<0.05) decrease during
fermentation possibly due to the breakdown of carbohydrate by the action of fungal
amylases, releasing the simple and utilizable carbohydrate molecules for its metabolic
activities. The reduction of total carbohydrates from 80.46% in control to 63.05% (i.e. ©
21.64% reduction) on day 8 in the fermentation process shows the continuous utilization
of carbohydrates for the metabolic activities of A. niger. The results of the present study
suggest that the selected A. niger strain S~ is an efficient one to convert complex

carbohydrates to simpler molecules with enrichment of fungal protein.

Table 1 Composition of fermented wheat bran (on dry matter basis)

Days Crude Crude Ash Crude Fat  Total CHO**
protein
0 13.66+1.15 4.69+0.07 1.19+0.02 80.46 £1.2
(control)
1 16.86+0.09 4.42+0.03 2.49+0.06 76.24+0.1
2 19.77+0.51  4.42+0.03 3.11+0.04 72.71+0.58
3 20.89+0.02 5.23+0.19 3.7+£0.07 70.2+0.27
4 22.86+0.03 6.62+0.29 4.27+0.05 66.26+0.28
5 24.22+0.5 5.81+0.23 4.47+0.04 65.51+0.39
6 25.22+0.32  5.28+0.24 4.68+0.04 65.11+0.05
7 26.24+£0.15 5.17+0.1 4.66+0.08 63.94+0.18



8 27.6+0.25 63.0510.08

4.5610.19 4.810.01

*Acid Insoluble Ash; ** Total Carbohydrate

Table 2 Variation in percentage carbohydrate and protein of wheat bran during

SSF using 2x106spores

Days Dry matter Carbohydrate CHO* Crude protein Protein
(%) (%) Reduction (%) Increase
(%) (%)
0 80.4611.2 13.6611.15
(control) 97.6510.08 -
1 97.6010.14 76.2410.1 5.24 16.8610.09 23.42
2 97.6910.17 72.7110.58 9.63 19.7710.51 44.73
3 97.910.13 70.210.27 12.75 20.8910.02 52.93
4 97.7710.18 66.2610.28 17.6 22.8610.03 67.35
5 96.9710.32 65.5110.39 18.58 24.2210.5 77.16
6 97.1310.21 65.1110.05 19.07 25.2210.32 84.63
7 96.6910.46 63.9410.18 20.53 26.2410.15 92.09
8 97.410.01 63.0510.08 21.64 27.610.25 102.04
*Carbohydrate

Table 3 The amino acid percentage in the control and fermented wheat bran over 8 days

Amino « Control Day 1 Day2 Day3 Day4 Day5 Day 6 Day7 Day38
Acid

ASP 7.07 7.1 8.01 9.26 9.29 10.16 10.09 8.89 8.85
GLU 16.84 17.37 1527 10.45 1226 944 9.44 9.5 10.28
SER 5.43 593 7.04 7.64 823 922 907 7.98 7.25
GLY 1131 11.3 11.29 11.88 11.26 10.65 10.82 11.29 11
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hTs t ~~ 2.31 245 258 241 241 247 246 2.29 25

ARG 434 433 402 398 389 3.69 369 3.22 375
THR 35 39 455 521 533 597 586 6.4 5.32
ALA 795 737 7.76 927 874 917 9.16 9.91 9.1
PRO 1176 1038 981 7.22 749 621  6.05 7.08 7.09
tyr 243 239 239 266 249 244 241 241 261
VAL . 494 538 569 621 594 577 582 567 5.99
*MET 0.34 018 011 011 01 012 011 o011 0.05
CYS 0.15 021 024 021 02 021 024 014 012
ISOL .3.23 3.4 3.67 424 3.93 38 392 391 386
LEU 241 734 705 776 744 722 742 7.87 7.52
PHE 399 385 353 366 351 323 3.38 3154  3.42
LYS 514 455 3.93 625 5.62 72 739 673 846
TRP 294 225 183 216 114 175 1.94 1.6 1.78

Conclusion

The present study shows that the Aspergillus niger strain S,4, which has been isolated
from the mangrove swamp has considerably improved the nutrient profile of the wheat
bran during SSF and it can be effectively used for bioconversion of cheaper agricultural
by- products to be used in aquafeed as minor or major ingredient based on the

nutritional requirement of the cultured organism.
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