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Abstract

This study evaluated the use of Brewery Spent Grain (BSG) as a novel substrate for the production
of ascorbic acid using Aspergillus flavus and Aspergillus tamarii. Spores of Aspergillus flavus and Aspergillus
tamarii were cultured in a liquid fermentation medium containing BSG (0.6% wi/v) for ascorbic acid
production. The process was studied at pH 4-8, temperature range 30—45°C, agitation speed range
60—-160 rpm for 168 h. Stability studies and the effects of Ethylenediaminetetraacetic Acid (0.5—4.0 g/ml) on
ascorbic acid production were studied. Ascorbic acid produced was quantified by titration techniques and
with High Performance Liquid Chromatography (HPLC). The statistical analysis of the effects of temperature
and agitation speed on ascorbic acid production showed no significant difference at p<0.05. However, there
was significant difference in the effect of pH on ascorbic acid production at p<0.05. Optimum ascorbic acid
yields of 7.25 g/L and 6.25 g/L were produced by A. tamarii and A. flavus respectively at pH 5.0,
temperature (40°C) and agitation speed of 100 rpm at 96 h of fermentation. High Performance Liquid
Chromatography (HPLC) showed that 6.248 g/L and 7.246 g/L of ascorbic acid were produced by A. flavus
and A. tamarii, respectively. Ascorbic acid production by A. flavus and A. tamarii was completely inhibited at

4 g/ml of EDTA. This study shows the potential of BSG as a novel substrate for ascorbic acid production.
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1. Introduction

Ascorbic acid also known as Vitamin C is a water-soluble vitamin which plays
significant roles in the normal functioning of the human body. The biochemical functions of
vitamin C include among others; stimulation of certain enzymes, prevention of scurvy, collagen
biosynthesis, hormonal activation, antioxidant, histamine detoxification, formation of
nitrosamine, and proline hydroxylation (Walingo, 2005). Also, vitamin C as an antioxidant

reduces the incidence of cancer (Lupulescu, 1993).
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Ascorbic acid has been produced from plant, animal and microbial sources. However,
this study focused on the use of microorganisms in the production of ascorbic acid.
Microorganisms can be easily grown on an industrial scale. The production of erythroascorbic
acid has been reported in Candida and Saccharomyces species (Branduardi et al., 2006).
A physiological pathway has been proposed from D- glucose to erythroascorbic acid in these
yeasts (Porro and Sauer, 2007).

Significant quantities of wastes are generated by the food industries which results to
pollution of the environment (Zvidzai et al., 2007). In the manufacture of beer, which is the fifth
most consumed beverage in the world, various residues and by-products are generated
(Fillaudeau et al., 2006). The most common wastes generated during the manufacture of beer
are spent grains, spent hops and surplus yeast (Mussatto, 2009). The brewery spent grain
(BSG) constitutes the highest wastes generated (85%) after different separation techniques,
leading to the production of beer (Tang et al., 2009). It was reported that United Kingdom (UK)
generates over 0.5 million tonnes of BSG from the brewing industry (Stojceska et al., 2008),
while Brazil (the world’s fourth largest beer producer) generated about 1.7 million tonnes of
BSG in 2002 (Mussatto and Roberto, 2006). Therefore, BSG is a cheap, easily available and
ready source of raw material for industrial exploitation (Robertson et al., 2010). Several
attempts have been made in utilizing brewery spent grain in animal feeds (Szponar et al.,
2003), production of value-added compounds (xylitol, lactic acid, etc.) (Bai et al., 2008;
Mussatto and Roberto, 2008), cultivation of microorganisms (Terrasan et al., 2010), or simply
used as raw material for extraction of compounds such as sugars, proteins and some acids
(Xiros et al., 2009). BSG is also applicable in enzymes production and immobilization of
various substances (Mussatto, 2009). However, the use of brewery spent grain in the
cultivation of Aspergillus spp for ascorbic acid production has not been reported. Therefore,

this study investigated the use of BSG as substrate in the production of ascorbic acid.

2. Methodology
2.1 Materials

Ascorbic acid producing-strain of Aspergillus flavus and Aspergillus tamarii were
obtained from the Culture Collection Centre of the Federal University of Agriculture, Abeokuta,
Ogun State, Nigeria. Brewery Spent Grain (BSG) was obtained from Sona Breweries, Ota,
Ogun State Microbiological media used in these experiments were: Saboraud Dextrose Agar,
Potato Dextrose Broth from BDH Chemicals, UK. The Chemicals used include; 2, 6
Dichlorophenol Indophenol dye from Sigma Chemical Ltd, U.S.A. Trisodium phosphate,

Sodium potassium tartarate, acetic acid, Ethylene Diamine Tetra Acetic acid (EDTA),
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Metaphosphoric acid, were all obtained from BDH chemicals, UK. Glucose, galactose, Lactose
from Surechem Products, U.K. The major equipment used include Autoclave (Prestige medical
series 2100, England), Hot box oven, incubator (Gallenkamp, size 1 England), Weighing
balance (Mettler Toledo PB 3002, Switzerland), water bath (Nickel Electro Ltd, England) pH
meter (Jenway Ltd England). Waring blender, (Kenwood Ltd, Great Britain)

2.2 Pretreatment of Brewery Spent Grain (BSG)

Samples of BSG collected contained approximately 80% moisture and was dried using
hot air oven to approximately 4% moisture at 80°C. The dried BSG were milled using a waring
blender for 3 minutes and kept in an airtight container until further use.

2.3 Production and quantification of ascorbic acid by Aspergillus flavus and A. tamarii

The two moulds were cultured on the brewery waste medium (0.6% brewery waste, 2%
D-glucose, 0.3% L-galactose, 0.3% yeast extract, 0.5% peptone and 0.2% monosodium
glutamate) as determined by the response surface plot. Ascorbic acid production was
monitored at 24 h interval for 168 h. Optimum fermentation time was selected for further
studies. Quantitative assay of Ascorbic acid was carried out using the method of Association of
Vitamin Chemists (1996). The quantity of ascorbic acid in samples was calculated as shown
below

BxA/10
A= Titre values from standard ascorbic acid
B= Titre values from ascorbic acid in samples
2.4 Effect of pH on ascorbic acid production

The effect of pH on ascorbic acid production was studied by inoculating the spores of
Aspergillus flavus and Aspergillus tamarii (2><109 spore/ml) on brewery waste medium (0.6%
brewery waste, 2% glucose, 0.3% galactose, 0.3% yeast extract, 0.5% peptone, 0.2%
monosodium glutamate) at 30°C and pH range 4.0-8.0 (pH 4.0, 5.0, 6.0, 7.0 and 8.0) in a 250
ml Erlenmeyer flask at optimum fermentation time.

2.5 Effect of different agitation speeds on ascorbic acid production

Effect of agitation speed on the quantity of ascorbic acid formed was studied at
different agitation speeds (60, 80, 100, 120, 140 and 160 revolution per minute) at 30°C and
pH 5. The ascorbic acid produced was quantified at optimum fermentation time.

2.6 Effect of temperature on ascorbic acid production

Effect of temperature on ascorbic acid produced by Aspergillus flavus and Aspergillus

tamarii was studied at 100 rpm, pH 5 and temperature range 30-45°C (30, 35, 45°C).

The ascorbic acid produced was quantified at optimum fermentation time.
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2.7 Effect of inhibitors on ascorbic acid production

The effect of inhibitor Ethylenediaminetetraacetic Acid (EDTA) on ascorbic acid
production was determined according to the methods of Prakash et al. (2011). EDTA is a
known inhibitor of the ascorbic acid production pathway. EDTA was added to the fermentation
medium at different concentrations (0.5 g/ml, 1.0 g/ml, 1.5 g/ml, 2.0 g/ml, 2.5 g/ml, 3.0 g/ml,
3.5 g/mL and 4.0 g/mL) and incubated pH 5, 40°C and 100 rpm. The ascorbic acid produced
was quantified at optimum fermentation time.
2.8 Stability of ascorbic acid

The stability of ascorbic acid produced by Aspergillus flavus and Aspergillus tamarii
under culture conditions was determined according to a modified method of Porro and Sauer
(2003) in which the standard solution was reconstituted. The spores of A. flavus and A. tamarii
were inoculated on a medium containing 2% glucose, 0.3% galactose, 0.3% yeast extract and
0.5% peptone in separate flasks. Ascorbic acid (10 mg) was added to the medium without
organism [control (Aw)] and the stability of the ascorbic acid was monitored for six weeks at
40°C.
2.9 Measurement of ascorbic acid by high performance liquid chromatography (HPLC)

The Ascorbic acid concentration in the extracted samples was estimated by High
Performance Liquid Chromatography (HPLC) method of El.Gindy et al. (2005). The mobile
phase was made up of Acetonitrile: Water (70:30) with a flow rate of 1ml/min.
The concentration of ascorbic acid was calculated based on the area of peak obtained during
HPLC analysis and percentage of ascorbic acid formed under different optimized conditions
was compared.
2.10 Data analysis

Mean and standard deviation of the duplicated data were analyzed while the
significance of the effects of optimization parameters such as pH, temperature, agitation
speed, stability studies and the effects of Ethylene Diamine Tetra Acetic acid were determined
using ANOVA at 95% confidence interval while p value <0.05. Significance of comparative
yield of ascorbic acid from brewery spent grain by Aspergillus flavus and Aspergillus tamarii

was determined taking p<0.05.
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3. Results and Discussion
3.1 Production of ascorbic acid by Aspergillus flavus and Aspergillus tamarii

Studies on the fermentation of the brewery spent grain medium with Aspergillus flavus
and Aspergillus tamarii showed that ascorbic acid yield peaked at 96 h of fermentation.
Ascorbic acid yields of 7.25 g/L and 6.25 g/L were produced by Aspergillus tamarii and
Aspergillus flavus at 96 h of fermentation. Thus, 96 h was adopted as the optimum
fermentation time for further studies. The yield of ascorbic acid reduced with increase in
fermentation time for the two isolates (Table 1). However, at 120 h the yield of ascorbic acid
by Aspergillus flavus was 0 g/L. This shows that ascorbic acid has been completely degraded
in the fermentation medium. The loss of ascorbic acid may be a result of the increase in the
activity of the enzyme ascorbate oxidase that might have been produced by the fermentation
microorganism which strongly depends on the pH of the fermentation environment.

The enzymes convert ascorbic acid to dehydroascorbic acid (Adetuyi et al., 2008).

Table 1 Production of ascorbic acid from brewery spent grain by Aspergillus flavus and

Aspergillus tamarii

Fermentation time (Hours)

Isolates 12 24 36 48 60 72 84 96 120 144 168

Aspergillus flavus 0 0O 16 2 3.2 4 56 6.25 0 0 0
Aspergillus tamarii 0 0 2 25 36 425 64 725 5 225 0.25

3.2 Effect of pH on ascorbic acid production

Investigations on the effect of pH on ascorbic acid production showed significant
ascorbic acid production at pH 5.0 for both isolates (p<0.05). Optimum ascorbic acid yields of
5.9 g/L and 6.87 g/L were produced by Aspergillus flavus and Aspergillus tamarii respectively
at pH 5.0 (Figure 1). However, ascorbic acid yield reduced drastically to 3 g/L and 4 g/L by
Aspergillus flavus and Aspergillus tamarii respectively as the pH of the medium was increased
to pH 8, indicating a decrease in ascorbic acid production beyond the optimum pH of 5.
This correlates with a similar work carried out by Shindia et al. (2006), who reported the
suitability of pH range of 5-6 for organic acid production. Hence, the pH of the culture medium
directly influences the growth of microorganisms and the biochemical processes they perform
(Leandro et al., 2015; Sindhu et al., 2009). Similar result was reported by Chaurasia et al.

(2014) on organic acid production by a fungus (Sclerotium rolfsii) at an optimum pH of 5.0.
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Figure 1 Effect of ;H on ascorbic acid production by Aspergillus flavus (A)

and Aspergillus tamarii (C) (F=8.041, P=0.025)

3.3 Effect of agitation speeds on ascorbic acid production

A proper agitation speed is important for appropriate air supply and proper mixing of
media components, hence the effect of agitation speed on ascorbic acid production was
studied. The study as shown in Figure 2 revealed that optimum ascorbic acid yields of 6.13 g/L
and 7.21 g/L were produced at an agitation speed of 100 revolution per minute by Aspergillus
flavus and Aspergillus tamarii respectively. There was no significant difference in the ascorbic
acid produced at different agitation speeds (p<0.05). Further increase in agitation speed
resulted in reduction in ascorbic acid yield of 3.95 g/L by A. flavus and A. tamarii at 140
revolution per minute. Decrease in the ascorbic acid production at higher agitation speeds
might be due to the harmful effect of the shear forces on the fungal mycelium as a result of
agitation speed (Techapun et al., 2003). At lower agitation speeds, less amount of ascorbic
acid produced might be due to improper mixing of the medium (Jimenez et al., 2005). Different
agitation speeds seemed to provide different distribution and transportation of air and nutrients
to the cells (Pena et al., 2008). The degree of agitation required for a fermentation study will
be dependent on the organism and the composition of the fermentation medium (Shyam et al.,

2009).
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Figure 2 Effect of different agitation speed on ascorbic acid production by Aspergillus flavus (A)

and Aspergillus tamarii (C) (F=3.001, P=0.531)

3.4 Effect of temperature on ascorbic acid production

Optimum ascorbic acid was produced by the two isolates at 40°C. The effect of
temperature on ascorbic acid production showed that ascorbic acid yields of 6.2 g/L and
7.15 g/L were produced by A. flavus and A. tamarii respectively. However, there was no
significant difference in the ascorbic acid yields at different temperatures (p<0.05). There was a
decrease in ascorbic acid production at higher temperature as shown in Figure 3. In a related
study with another organic acid, Kareem and Rahman (2013) reported reduced citric acid
production at temperatures above the optimum temperature. This might be due to

accumulation of by-products and eventually, loss of activity as the temperature increases.
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Figure 3 Effect of temperature on ascorbic acid production by Aspergillus flavus (A)

and Aspergillus tamarii (C) (F=2.132, P=0.621)
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3.5 Effect of inhibitors on ascorbic acid production

The effect of EDTA on ascorbic acid production showed that at an initial concentration
of 0.5 g/ml of EDTA, maximal ascorbic acid yields of 6.12 g/L and 7.2 g/L were produced by
the A. flavus and A. tamarii respectively. At this concentration, ascorbic acid production was
not significantly affected when compared to the initial yield of 6.25 g/L and 7.25 g/L by
Aspergillus flavus and Aspergillus tamarii respectively. However, an increase in the
concentration of the inhibitor to 3.5 g/ml resulted in decreased ascorbic acid production with a
yield of 1.25 g/L and 1.5 g/L by A. flavus and A. tamarii respectively. There was no significant
difference in the ascorbic acid yields at different concentrations of EDTA (p<0.05). Increase in
the concentration of EDTA to 4 g/ml resulted in the inability of all the isolates to produce
ascorbic acid (Figure 4). Thus, enzymes responsible for ascorbic acid production were inhibited
from concentration of 4 g/ml. EDTA is known to chelate Ca2+ which is required as a cofactor
for enzyme activity. In a similar study, Igbokwe et al. (2013) reported that the denial of Ca2+ to

the enzyme makes the active sites less catalytically efficient, hence low activity.
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Figure 4 Effect of inhibitor (EDTA) on ascorbic acid production by Aspergillus flavus (A)
and Aspergillus tamarii (C) (F=7.013, P=0.432)
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3.6 Stability of ascorbic acid

Ascorbic acid is the least stable of all vitamins and is easily destroyed during
processing and storage, hence the need to carry out a stability study of the ascorbic acid
produced. The result of the stability studies carried out over a period of six weeks revealed a
gradual degradation of ascorbic acid in both the medium without organism (control) labelled
Aw and the culture medium. In the first week, ascorbic acid values for the control and culture
medium with Aspergillus flavus and Aspergillus tamarii were 10 g/L, 6.2 g/L and 7.15 g/L
respectively. There was no significant difference in the stability of the ascorbic acid over time
(p<0.05). However, there was a sharp decline in the ascorbic acid values in the third week with
3.21 g/L, 3.9 g/L and 4.85 g/L yields by the control and culture medium with A. flavus and
A. tamarii respectively. At the end of the six weeks of study, the ascorbic acid in the control
has been totally degraded giving a value of 0.25 g/L from an initial value of 10 g/L. This is in
agreement with the report of Ajibola et al. (2009) that ascorbic acid decreases gradually during
storage especially at temperature above 0°C. On the other hand, the culture medium with
A. flavus and A. tamarii still retained ascorbic acid values of 1.15 g/L and 1.62 g/L respectively
at the end of six weeks. Although ascorbate was completely degraded within 7 days in a sterile
medium with the absence of cells, incubation of ascorbate in culture medium in the presence
of growing yeast cells stabilized the ascorbic acid substantially (Bai et al., 2008).
3.7 Measurement of ascorbic acid by high performance liquid chromatography (HPLC)

High performance liquid chromatography was carried out to quantify the ascorbic acid
produced by Aspergillus flavus and Aspergillus tamarii. It showed the ascorbic acid yields by
A. flavus and A. tamarii to be 6.248 g/L and 7.258 g/L respectively (Figure 5). The extracts
from the fermentation medium of A. flavus, A. tamarii showed two peaks (Figure 6 and 7).
Peak 1 was identified as ascorbic acid. This co-elution observed by the different peaks showed
that there are other compounds present in the extracts which may likely be other analogues of

L-ascorbic acid.
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Figure 5 Stability of ascorbic acid produced by Aspergillus flavus (A), Aspergillus tamarii (C)
and the control (Aw) (F=0.432, P=0.532)
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Figure 6 High Performance Liquid Chromatography of Aspergillus flavus (A)
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Figure 7 High Performance Liquid Chromatography of Aspergillus tamarii (C)
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4. Conclusion

The present study showed that optimum ascorbic acid yield of 7.25 g/L and 6.25 g/L
were produced by Aspergillus tamarii and Aspergillus flavus respectively when cultured on a
brewery waste medium at pH 5, 40°C and agitation speed of 100 rpm at 96 h of fermentation.
This study established the production of ascorbic acid from an industrial waste (BSG), thus

turning waste to wealth.

Acknowledgements
This research did not receive any specific grant from funding agencies in the public,

commercial or not-for-profit sectors.

References

Adetuyi, F.O., Osagie, A.U. and Adekunle, A.T. 2008. Antioxidant degradation in six
indigenous okra (Abelmoschus esculentus (L) Moench) varieties during storage in
Nigeria. Journal of Food Technology. 6:227-230.

Ajibola, V.O., Babatunde, O.A. and Suleiman, S. 2009. The effect of storage method on the
vitamin C content in some tropical fruit juices. Trends in Applied Science Research.
4:79-84.

Association of Vitamin Chemists. 1996. Methods of vitamin assay Interscience. New York. 306-312.

Bai, D., Li, S., Liu, Z.L. and Cui, Z. 2008. Enhanced L-(+)-Lactic acid production by an
adapted strain of Rhizopus oryzae using corncob hydrolysate. Applied Biochemistry
and Biotechnology. 144:79-85.

Branduardi, P., Sauer, M., Mattanovich, D. and Porro, D. 2006. Ascorbic acid production from
D-glucose in yeast. United States Patent Application 20060234360.

Chaurasia, S., Chaurasia, A.K., Chaurasia, S. and Chaurasia, S. 2014. Effect of different
factors on organic acid production by Sclerotium rolfsii. International Journal of Pure
and Applied Bioscience. 2:146-153.

El.Gindy, A., Emara, S., Mesbah, M.K. and Hadad, G.M. 2005. Spectrophotometric and liquid
chromatographic determination of fenofibrate and vinpocetine and their hydrolysis
products. Farmaco. 60:425-438.

Fillaudeau, L., Blanpain-Avet, P. and Daufin, G. 2006. Water, waste water and waste
management in brewing industries. Journal of Cleaner Production. 14:463—-471.
Igbokwe, G.E., Ngobidi, K.C. and Iwuchukwu, N.P. 2013. Production of alpha-amylase from

mixed Actinomyces spp cultured at room temperature using Nelson’s colorimetric

method. Asian Journal of Biological Sciences. 6:175-180.

© 2018 Agro-Industry, Chiang Mai University



Food and Applied Bioscience Journal, 2018, 6(2): 93—105

Jimenez, R.P., Pena, C., Ramirez, O.T. and Galindo, E. 2005. Specific growth rate determines
the molecular mass of the alginate produced by Azotobacter vinelandii. Biochemical
Enginerring Journal. 25:187-193.

Kareem, S. O. and Rahman, R.A. 2013. Utilization of banana peels for citric acid production
by Aspergillus niger. Agriculture and Biology Journal of North America. 4:384-387.

Leandro, M., Marra, S. M., Claudio, R.F.S., Soares, J. M., Fabio, L. and Fatima, M.S. 2015.
Initial pH of medium affects organic acids production but do not affect phosphate
solubilization. Brazilian Journal Microbiology. 46:2.

Lupulescu, A. 1993. The role of vitamins A, B, Carotene, E and C in cancer cell biology.
International Journal of Vitamin and Nutrition Research. 63:3-14.

Mussatto, S.I. and Roberto, I.C. 2006. Chemical characterization and liberation of pentose
sugars from brewer’s spent grain. Journal of Chemical Technology and Biotechnology.
81: 268-274.

Mussatto, S.I. and Roberto, I.C. 2008. Establishment of the optimum initial xylose
concentration and nutritional supplementation of brewer’s spent grain hydrolysate for
xylitol production by Candida guilliermondii. Process Biochemistry. 43:540-546.

Mussatto, S.I. 2009. Biotechnological potential of brewing Industry by-products. In S.P. Nigam,
A. Pandey (Eds.). Biotechnology for agro-Industrial residues utilization. New York,
Springer. 313-326.

Oliveira, A.N., Oliveira, L.A. and Andrade, J.S. 2010. Partial characterization of amylases of
two indigenous central Amazonian Rhizobia strains. Brazilian Archives of Biology and
Technology. 53:35-45.

Pena, C., Millan, M. and Galindo, E. 2008. Production of alginate by Azotobacter vinelandii in
a stirred fermentor simulating the evolution of power input observed in shake flasks.
Process Biochem. 43:775-778.

Porro, D. and Sauer, M. 2003. Ascorbic acid production from yeast. United States patent No
6630330.

Porro, D. and Sauer, M. 2007. Ascorbic acid production from yeasts. European Patent
Application EP1820863.

Prakash, O., Jaiswal, N. and Pandey, R.K. 2011. Effect of metal ions, EDTA and sulfhydryl
reagents on soybean amylase activity. Asian Journal of Biochemistry. 6:282—-290.
Robertson, J.A.l.,, Anson, K.J.A., Treimo, J., Faulds, C.B., Brocklehurst, T.F., Eijsink, V.G.H.
and Waldron, K.W. 2010. Profiling brewer spent grain for composition and microbial
ecology at the site of production. Journal of Food Science and Technology.

43:890-896.

© 2018 Agro-Industry, Chiang Mai University

104




Food and Applied Bioscience Journal, 2018, 6(2): 93—105 105

Shindia, A. A., EI-Sherbeny, G. A., El-Esawy, A. E. and Sheriff, Y. M. 2006. Production of
gluconic Acid by some local fungi. Mycobiology. 34:22—29.

Shyam, P.G., Girisham, S. and Reddy, S.M. 2009. Studies on microbial transformation of
meloxicam by fungi. Journal of Microbiology and Biotechnology. 19:922-931.

Sindhu, R., Suprabha, G. N. and Shashidhar, S. 2009. Optimization of process parameters for
the production of (- amylase from Penicillium janthinellum (NCIM 4960) under solid
state fermentation. African Journal of Microbiology Research. 3:498-503

Stojceska, V., Ainsworth, P., Plunkett, A. and Ibanoglu, S. 2008. The recycling of brewers
processing by-product into ready-to-eat snacks using extrusion technology. Journal
of Cereal Science. 47:469-479

Szponar, B., Pawlik, K.J., Gamian, A. and Dey, E.S. 2003. Protein fraction of barley spent
grain as a new simple medium for growth and sporulation of soil actinobacteria.
Biotechnology Letters. 25:1717-1721.

Tang, D., Yin, G., He, Y., Hu, S,, Li, B,, Li, L., Liang, H. and Borthakur, D. 2009. Recovery of
protein from brewer's spent grain by ultrafiltration. Biochemical Engineering Journal.
48:1-5.

Techapun, C., Poosaran, N., Watanabe, M. and Sasaki, K. 2003. Optimization of aeration and
agitation rates to improve cellulose-free xylanase production by thermotolerant
Streptomyces Spp. Ab106 and repeated fed batch cultivation using agricultural waste.
Journal of Bioscience and Bioengineering. 95:298-301.

Terrasan, C.R.F., Temer, B., Duarte, M.C.T. and Carmona, E.C. 2010. Production of xylanolytic
enzymes by Penicillium janczewskii. Bioresource Technology. 101:4139—4143.

Xiros, C., Moukouli, M., Topakas, E. and Christakopoulos, P. 2009. Factors affecting ferulic
acid release from Brewer's spent grain by Fusarium oxysporum enzymatic system.
Bioresource Technology. 100:5917-5921.

Walingo, K.M. 2005. Role of vitamin C (ascorbic acid) on human health. African Journal of
Food Agriculture and Nutritional Development. 5:1.

Zvidzai, C., Muzhinji, N., Chidzvondo, F., Mundembe, R. and SitholeNiang, I. 2007. Potential
commercialization of a microbial medium formulated from industrial food waste. African

Journal of Microbiology Research. 1:79-87.

© 2018 Agro-Industry, Chiang Mai University



